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CHAPTER I
INTRODUCTICN

The relatlvely low tensile strength of concrete is normally

con51dered an unavoidable deficiency of the material and ignoring
this low value, either the tensile stress is carriedonly by the
reinforcing steel or cencrete is prestressed in order to cancel
,o@t,tensile stresses due to dead load and live load by initial

compression, : 8
' ' |

It is also knowvn. that reinforced concrete does-not show the

propertles of a two-phase material. There are two phases present

" namely, concrete and steel but the existence of one phase does

not improve the basic properties of the other and behavior of the
composite material is dictated by the individual behavior of each

\
!
_phase. In a two-phase material, however, the phase with low’ }
modulus of elastlclty stretches and deforms under an applied load |
and stress is transferred tc the other phase with high tensile |
strength. The total structure thereby absorbs a lcading stress 1
that would eeeily rupture the weaker component, Wood which com-
bines a‘high-strength fiber, cellulose, with a pIastic matrix,
~lignin -and fiberglass in a plastlc matrix show the above menticned
properties. (l)* ' ' ‘
, \ v

However, two-phase behavior can be attained and tensile
strength can beiimproved in concrete considerably if the average
distance between adjacent reinforcing elements can be reduced be-
low a certain value. This fact can best be explained by crack
arrest mechanismcouncept (2). According tc this concept as a
 micro—crack forms in concrete, displacements develop in the mat-
erial in the ticinity of the crack as a result of the stness field

singularity at the crack edge. Steel reinforcement, however,

- (*) Numbers in brackets refer to the books listed in Bibliographj
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with its great pigidity opposes these displacements and resisting
forces are developed due to the reinforcement.

With the help of the equations describing compaﬁibility
between adjacentfpoints on the reinfcorcemsnt and concrete, these
opposing forces can be calculated and applying fracture mechanics

concept, reduction in forces causing extension of cracks may be
determined. It is theoretically shown that the stress required

to extend a crack beyond the area enclosed by adjacent reinforcin
rods is inversely proportional to the square root of the rod
spacing., The effect is noticable with spacing§ less than 0.5"
‘and tensile strength increases rapidly with decrease of this value
This'*achieved by reducing the spacing of reinforcement but, at

the same time, decreasing reinforcement diameter in order to main-
tain steel percentage constant. As a result, reinforcing elements
become fine wires at effective spacings. '

An early suggestion of this idea came from Nervi who made ex— |
.perlments on the behavior of concrete slabs reinforced '1th close-
ly spaced steel wire mesh. = The spacing of *he wires was in the
order  of O.4 in, Nervxobserved ‘that the slabs exhlblted great
flexibility andsthat_v151ble cracks did not occur untll the steel
was stressed nearly to its yield point.

Later on, beams with wires arranged parallel tc one another
along the direction of major pritipal stress gave consistent
results. This was achieved by stringing individual wires through
pierced plates at the ends of the forms. This had, of course,
some limitations and difficulties in practicsl applicaticns. (2)_

Recentiy, concrete samples with shortfléngths of wire in
random orientation but at nearly‘uniform'spacinglwere tested in
tension and gave consistent results with the theory. (3)

The object .of. the presentAthésis work‘is'thefefore-to study
the effect of average spacing of short randomly distributed closel;
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spaced wires on various properties of concrete such as tensile,
strength, compressive strength,'msaulus of elasticity and shrink-
age; and to discuss the theoretical basis for the observed effects
on the above-mentioned propertieé.

Results of several tests done on concrete indicate a well
marked influence of the wires. Tensile anducompreSSive strengths
are increased about l.S times even with a small percentage of
wire reinforcement of 2-3 Z. Effect of wires on shrinkage also
follows a definite pattern. Its:effectvbeing'sﬁéll at the begin-
ning, as concrete hardens, towards the 21st day, the skrinkage of
- concrete samples with wires is in the order of 50’pefcent of
~those which are not reinforced. Cynamic mcduluS'of elasticity
tests done with the sonometer, however, give*inconsistent'results.
This is mainly attributed toc stress concentrations due to wires

L] .

within the concrete mass.
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CHAPTER 11

THEORY

a) 'FRACTURE MECHANICS CCNCEPT:
| The fracture propagation phenomenon is best illustrated
with a SOlld material, subaected ‘to tensile stress ,V_ and con-
,talnln@ a disk shaped cracw, A, A, Grlfflth (4) explained it
vith the elastic energy release concept. Considering an internal
crack having a radius a, the‘cénditicn that assures crack ex-
ténsion was given by '

3 ( U ) .

V) =0
33 ‘ (1
Where U is the reduction in stored elaétic energy due to the
presence of crack and V is the crack surface energy. In plane
stress, the reduction in stored elastic energy of a thin plate

subjected to tensile stress, = is
xota
U= _‘—E“‘—" | . (2)

Where E is the modulus of elasticity. The crack surface energy
of a brittle material, on the other hand, is given by

V=4Ta A (3)
Where T is the surface tension. Substituting eq. (2) and (3)
into eq. (1), we obtained

T
T . XT3

e @

If the rate of release-of elastic energy is denoted by G , whi
is a function of loading and geometry; and the work rate require
to extend a crack is represented as G, , (a material pfOperty),
then it was postulated by Irwin (5) that the stress perpendicule:
tb the plahe of the Crack, at a poiht, at a distance of T apar
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frdm the end of the crack, can bésexpressed as:

e, = K o8 & o .[lvf sia —ei Sm %] (5\
o

SERERREE

'(XIB)

1
| L,
l 23 . ’

| . Figure %
Where 9 is the angle between radius r and the’ x-axis, and K
is- the stress concentratlon factor., X refers to the summaticn

of the ‘'stress intensities each due tc a different type of loading,

A direct relatlonshlp between K and G was given for plene
stresses as fclloxs '
T N ’ )
€ .

Applying this: analysis to concrete, the critical crack size

can 'be estimated for a given tensile stress. The decrease in pot-
ential energy of & SOlld mediumsacquiring a crack of.‘ radius a -

perpendicular to the ax1s of tensile stress is: glven by I, N.

%seddon (6? as - ALj 8(|—/“)F 3

| 3E L ZA,f, (7)
From definition of G: | y '?
\.
i
SU 33U ds v
YA 3 dA y (8)




THESIS
ROBERT COLLEGE GRADUATE SCHOOL
BEBEK. {STANBUL

P

PAGE ©

where A is the area of the crack surface. For a circular |
crack of radius a ‘ ‘ '

o,
A= Tl-'a
» -?-: '1/2.TY3
therefore:
LS v : :
- :

As mentioned earlier, a crack starts to extend when the value of
G becomes equal to Gg. Kaplan (7) observed that G for con-
crete varied between 0.1 in-ths/i* and 0.02 @-lhs/it ,  Taking
Poisson's Ration, » as 0.3 and E és_} x 106 psi, critical crack
size for a given tenSilé stress can be determined from eg. (9),
equating G to Ge. For ‘GC 0.02 MAL;hisubstituting into
‘equation (9), critical crack radius is found to be 0.208 in, at
a tensile stress of 500 psi and 0.052 in. at 1000 psi. It is
seen that the critical crack radius is quite small and it does |
not differ much from holes and flaws normally present in conqreti
This could be the real cause of failure of concrete at low ten-
sile stresses. Now the question arises how toiincrease the
‘tensile_strength of concrete. In order to achieve this, concret:
should be as ccmpact as possible, eliminating internal holes and
flaws. However, possibility of having a single crack, and pro-
pagation of it throughout the tension zone is a factor that
should not be underestimated. Then, there remains the alternate
way of increasing tensile strength. Assuming an internal crack
has formed in concrete, propagaticn of it over the tensiocned
area could be prevented by a method called Fracture Arrest
Mechanism (2), () . ‘
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b) FRACTURE ARREST MECHANISM: , - . ,
The mechanism is described by a concrete mass subjected to

a tensile stress, o (2,8).v.The'reinforcement consisting of a
rectangular array of steel wires at a spacing s and located
- parallel tc the direction of the tensile streés;

Figure 2 _

An internal flaw in the form of a circular crack is assumed
in the concrete as shovn. in Fig. 2. The crack is centrally loca-
ted between four adjacent wires and the diameter of the crack is
taken equal to wire spacing, s.. In the absence of a crack, the
steel rods and the concrete will be stretched equally and there

~will be no tendency for one to move relative tp the other. 1In
the presence of a crack, however, the local concrete displacement
caused by the extensional strains will be resisted by stiffer
steel wire., The bond stress distribution will be as shown in
Fig 2-b. In the plane of the crack the bondstress will be zero,
it will increase to a maximum, and then decrease with increasing
distance from the crack edge as the'locél'displécements diminish.
The developed bond stresses will act on the concrete as §inching
forces,will produce a stress intensity factor Ky, which will
have an opposite sense to the stress intensity factor due to
different types of loading, defined earlier. Thus, the total

t |

atress intensity factor will be given by ! . |
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The spacing and cross-section of the reinforcing wires for
effective crack control must be sc chosen that the magnitude of
K¢ will be sufficient enough to cause reduction in Ky and per-
mit larzer over-all tensile stress. An additidnal;prévision for
effective crack arrest, will be the fact that distributed forces
should not exceed the bond strength between concrefe'and steel

wires,

1100 -
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Figure % - Cracking stress as a function
of wire spacing (GC-; 0.02 in.-1b per 51'.\'4.> (6)

Theoretical solutions for a variety of reinforcement spacings
and percentageSvof'steel have been determined by-Sneddon(6) for an
experimentally determined G, value and summarized in Fig.3.1t is a
- plot of theoretical tensile cracking strength as a function of-
reinforcement spacing for Several percentages -of steel.

:

Figure 3 is significant in that it indicates true two-phase.

behayiqr{at smaller spacinzs. For any percentage of steel, the
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smaller the Spacing, the higher is the cracking stress. The knée
is at a spscing of about 0.5 in., and a substantial increase in
tensile strength occurs with smaller vaiues of s, 1t should be
further noted thnat this 1ncrease in strength is-in prooortlon to
the inverse sguare root of spacing s.
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AVERAGE SPACING BeTWzZEN RANLCOMLY TISTRIBUTEL SHORT LENGTHS OF
WIRE - T - |
The analysis will be given by assuming a unifcrm distribution

of steel wires throughout the concrete mass.  The validity of
this assumption may be guesticnable but, since we make crude as-
sumptions in treating concrete,such as homogeneity and isotropy,
the above assumption is acceptable.

The assumption of uniform distribution of wires gives rise
to another questicn, the efficiency of wires in crack contrcl.
Since wires are oriented randomly, only those wires which are
parallel to, and those which make an angle less than 9C° with
the direction of tensile stress are stressed. This can be for-
mulated in several ways. As an approximate solution, it can be
assumed that only one-third of‘the wires are effective beécause
there are three principal axes, tensile stréss being parallel to
one of these; or those wires having a component along the direc--
tlon of the tensile stress are effectlve in crack ccntrol, The
latter assumption employed by Romuald1 and Mandel (3) forms the
basis of the i‘ollow:mT analy31s.

Téking a wire of length I, -, oriented in sbéce making an
angle © with the x-y plane and £ with the x-axis, the projec-
tion of it in the x—directlon is’ Lcuecos¢ . If there
are N wires uniformly dlstrlbuted the. average leng thtof the
wires effective in tno x dlrectlon Wlll e calculated as

I j L. cos 9:°s¢494¢ a
/ = 0. 41 L

1('
NJ y dodg

3] o

(11)

lt follows that only 41 percent of the total amount of reinforce-
ment is effective along each principalbaxis and with tensile
stress parallel to one of these, 0.41~is the prbper correction
factor that will be required. The average distance between the |
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centroids of the wires will be given by

S=3/ XN . Q2

N

‘Where N 1is the number of wires in a vclume V. Since 41 per-
cent of the wires are effective only, the spacing between the
centroids of effective wires will be

See = YN | (13)
ef é 041N - »

If there are n centroids per unit area, then
2

n:-.(;e{') S (14)

Assuming that the length of wires, L 1s greater than the
efféctive viire spacing Sef , there will be overlapping of wires
which will increase the number of wires tarough a cross secticn.
The number of wires per unit area will become |

) e

ef

Substituting eq;(13)into eq. (15), the averaze spacinz of the
wires will now be:‘

S = V. = ___f_Si = N (16)
, jj{: L 0-L\NL .

Designabing the percenbage of steel a8 p , volume of steel Vg and
volume of reinforced concrete V.,

_\\Zlé_xloo’-“P t? , A (17} "’ 
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. Expressing the volume of each steel wire of length L and dia- -
meter 4 as: -

Vg = —— . , (18)

N e | 4Ns ey (19)
Vg Ti*L 25 WATL

. and substituting eq. (19) into eq. (16) the spacing will become :

s=)3.8A/—;;, | ‘ (20)

which expresses the spacing in terms of wire diameter and per-
centage by volune,
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CHAPTER 11I

EXPERIMENIAL, ANALYSIS

a) MATERIALS
1) Ageregates:

The aggregate used for concrete feor determination
of shrinkage and dynamic modulus of eiasticity, was local sand
passing a No, 4 sieve, and that, used for determination of ten-
sile and compressive'strengths was composed of sand and gravel |
with a maximum size of 1.0 inch. The gradation of each is re-
presented in Fig. 4 and tables below. "

\ e ) ‘ : \ Coarse
o . .

B FZ'\Q_ ’ \ P\ﬁSl‘! f'tb
4o Agacesdte : :

%0 F(v\e.-”‘ 5

: Modulas: 2.2 \ N \\

2.0 i : : AN ) \
40 ‘

N

#y %8 #15 %30 ¥go 4 loo 30 mn 20 mm L B
S i GRMIN T SYZE e e e , Ce e

- Figure 4 - Gradation curve of fine and
coarse aggregates,

Fine Agsrezate:

Sieve No 4 - 8 |6 30 | 50 100 -

o

/. Finer loo QL | 8o | 52 16 3
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Coarse Aggregate: ..

e

n /i

S\'e.ve. No \” 3/4 .3/3 # 4
/o Finer g9 | 8o | 50 | o

'Sand and gravel was mixed with a 1 to 1 ratio by weight
and gave the folloving gradation: ' '
Mixed Aggregate: ’

Steve Mo | " |34 126" |4y [#8 416 |#30 |8 50 |4 100
1 Finer a5 |90 | 75 |50 | 47 | 40 26| 8 1.5
2) Cement “

Concrete was prepared with a normal portland
cement produced by Ankara Cimento Sanayi T.A.S.

- 3) Steel Wire
- The wire used, was cold drawn, bright finish
(but untreated surface) high strength steel wire of 0.50 mm
diameter, Several tensile tests were run and a tensile strength
of 284000 psi was recorded on samples of 50 mm length, The aver
age length of wires mixed with concrete was 1.0 inch. (See TFig.5)

b) MIX PRCPORTICNS, MIXiNG, CURI'G AND PREPARALION FCR IZSLING

o The proportioning of concrete was. done accordinz to ACI
Specification (ACI 613-54) (9, 10). Before tne actual mix *as
prepared, several trial batches vith varyinz water-cement ratios
were prepared in order to detvermine Thae sultable mix; since
amount of water had a great effect on successful distribution of
wires, If tpe’mixturén%oo dry, the wires tended toc knit into
balls; the same thing happened if there was too much water.
Upon trials, it was decided to use a water-cement ratio of 5.5

gal per sack.

Procedure followed in proportioning is given below:
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1)

2)

3)
&)

5)

6)
7)
8)
E)

S{.resxl s (?52)

Lo woo
{Booc
{6000
lqoon
{Looo
o000
goo9o
(XX
4000

tood

. T
S{»_r:-v\/ e x lo .n/\,\

Figure 5 - Stress-Strain Curve of Steel Wire

W/C: 5.5 gal. water per sack ofcement (0.49 by
 weight) | :

Finéness mcdulus.of sand: 2.52

Max, Size of coarse aggregate: 1"

Bulk volume of dry-rodded coarse aggregate'per
~unit volume of concrete 0.69 ‘

Dry unit weight: 1.96 gm/cm’

Entrapped air: 1.5

Specific gravity of cement: 3,15

Sand dry unit weight: 1.65 gm/cuw”
Specific gravity of aggregates: 2.65
Water per dm’ of concrete: 0.198 liter

PV . 3
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For al AW\ batch of concrete the amount of each com-
_ ponent hsed vas : |

Cement: 0.404 kg.

‘ Water : 0.198 liter
:  Gravel: 0.875 kg.
: Sand : 0.875 kg

" Mixing was done with a trbwel. The sand, gravel, cement
and water were first mixed and then wires were subsequently_
added -in small increments. No difficuity vas encountered in

_Amixing;vup to a steel percetage of 3.0 by vélume,‘but at higher
§$ercentages, ccncrete lost its workability ahd'additicn of wires
‘was not possible anymore, ; A | '
Spe01mens to be used forspllt-cyllnder ané compresaion

tests were prepared in standard 6" x 12" cyllnder molds. In
order to see ‘the effect of placement method on ‘the distribution
of wires 1n the concrete mass, some - spe01mens were prepared by
placing concrete 'in three layers, each layer being rodded 25,
times w1th a tamping rod. Others were prepaned by fllllng the‘

molds: W1th concrete and applylne electrical- V1bnator afterwards

The latter method gave better wire distrlbutlon ’w1res orlentlng

|
i
|
{

themselves 1n a horlzontal direction in the former method,
/ .f;' ." : . . '!‘ o .
4 H A !( R 1:[ . . . ‘
Spe¢imens for determination of shrinkage and dynamic
elestic_modulus ‘were poured in standard 2" x é"'ﬁ‘Il" prismatic
molds (AS ™. C157- -64 T) and were vibrated for two mlnutes on an

- electrlcal v1brator . _ . ;ﬁ y;

?wenty -four hours after pourln molds &eré removed and
spec1mens were immersed in water, Cyllnders were kept in water
for twenty—eltht days and tested for compreSelve an&tgpllt cylin
der’ strengths. Prisms were cured in water for semen\éavs and
ther kept in air at a place free of air movements, Wlth an aver-

age temperature of 71 F and a relative humidity of 1)2 /R
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A . Test Samples
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ic) APPARATUQ

The following instruments were employed for the preparatlon

and testing of samples

1)

2)
3)
4)

-

6)

2
10

Universal Testing Machine: _

Model: Rienle, Screw type, mechanical, maximum
loading capacity of 70,000 lbs, |
Cyllnder Testing Machine:

Makers Soiltest Incorporated hydraulic, manually
Vorklng; maximum loading capac1tw of 250,000 1bs.

faaccuracy of 500 1lbs.

Sonometer Exciter, Pick-up Set:

Makers: 301lfest Incorporated, Electro Products
Laboratorles Model 4100, maximum freguency control
of 20,000 cycles.

Dial Micrometer for shrinkage measurements:
Sensitivity: 0.0001 inches

Dial Gage Set-up: |

Sensitivity: 0.005 inches

Electrical Hand Vibrator

Model DU

Stow Manufacturing Co.

‘Electrical Plane Vibrator
Model VP 60

Makers Soiltest Incorporated
6" x 12" cvllndrlcal steel molds’
2" x 2" x ll" prismatic steel molds

Y

Balance of 0.1 ym sens1t1v1ty
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1. Compressicn Test:

d) DESPING PROCELURE o - g
Twenty—elght days old water cured specimens were
*taken out of water, top and bottom surfaces wiped dry and }
 capped with a sulphur capping compound. They were kept under a
wet burlap for two hours before they were tested. There were
Aeight 6" x 12" cylinders prepared, with steel percentaoes of C,

1,2 and 59, two samples beinz cast for each mlx.

leiﬁders were first tested in a Universal Testing
* Machine, applying the load at a rate of 400 lbs/sec. according
to ASTM C39-64 (11). 1In order to obtain the stress—strain curve
a dial pége set—up was attached to the samples. Since the
cap301ty of the testlno machine was not enough to crush these

sp801mers, load was slowly removed at 60,000 1lbs and crush: ng
stress and'straln were determined by the hydraulic testing
.macﬁine. ' | ' ’ |
|
2) Split -Cylinder Testb:
Four pairs of cvlinders with the above mentioned

'stﬂel percentases vere water cured for 28 days. They were |
placed,horlzontally under the bearln plate of the Universal
' Testing Machine. Strips of Plyvood about ‘4" thick, 1" wide and .
12" long were placed on the upper and lower bearing elements to
ehsure uniform bearing (11). Cylinders were sc positioned that;
theﬁsenterfof their upper bearing element coincided with the ‘
center of fhe uppér bearing block of the machine. The load was
appiied at a rate of 400 lbs/sec. '
. The splitting tensile strength T was calculated
,from the - equatlon (11)8 '

2P
DL

wheréiwl P: maximum load at failure
L: length of the cylinder

D: diameter of the cylinder
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3) Shrinkage Measurements: .
Mortar prisms, 2 inch square and 11 inch long

were cast with the same steel percentages as used above. Mortar
was obtained by preparing the same mix that was used for the -
cylindere and sieving it through No. 4 sieve. The specimens con-
tained a stainless steecl gage plug at the centers of each of the!
ends proaectlng about 1/8" beyond these ends., Specimens were
kept in the mcld for 24 hours, removed from the molds and water
cured for seven days. At the end of the seventh day, initial
lengths.of each were recorded with the dial micrometer' and thei
weights were determined., Samples were then kept in air at a plac
free of air movements. Shrinkage and welvht measurements were
repeated at weekly intervals,

-

4) Determination of Dynamic Modulus of Elasticity:

Similar specimens as for shrinkage measurements,
were used for the determination of dynamic moduli of elasticity.

The samples‘to be ~tested were suspended on two
vw1res placed at a distgnce of 1/4 L from each end The v1bratlon*
were transmitted directly through the driver which was bearing
on the end part of the sample. These vibrations were detected
by the plck—up which was placed agaln+s the other end of the
speclmen The vibrational frequency ' .
was read from the sonometer, Damplng frequencies were not con-
sidered. Modulus of elasticity was calculated using equation
(3\) given in Appendix, h | '
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CHAPPER IV

RESULTS

a) DZNSION THESTs |

- Details of the eighl cylinders tested in indirect teansion
are preseated in table 1 and relation of strengbh to steel
perqéntage is illustrated in fig 8.

] Splitting Tensile ‘

Test | Wire | ILoad | StrengbthStrengti

No | Percent] (1lbs.) (psi) Ratio

1 |Plain | 38 500 240 2

2 |Plain | 40 500 358

3 | 1.0 |56 500 500 | 1.43

1, 1.0 53 000 468 1.34

5 | 2.0 |60000 | 530 | 1.52

6 | 2.0 [59500 | 525 | 1.51

7 | 2,0 |65500 | 580 | 1.66

8 | 3.0 | 64 500 570 | 1.63 | S

Teble l-Summary of Split. Cylinder bests.
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b) COHPRESSION TEST;

The data obtained from compression tests are tabulated

in table 2 and corresponding stress-strain curves are given
in figure 10.

Percenbtage of Steel

Plain 1% 2% 5%
Strain | Stress| Strain| Stress|Strain |Stress | Strain|Stress
(x10 (pel) | (%10 (psi) [(x10 (Dsi) (10  |(psi)

2.50 | 288 | 2.50| 398 | 2.25| 300 | 3.00| ass
5.75 | ap1 . 475 582 | 5.00 625 5.75| 588
5.00 | 650 6425 | 760 7475 lcoor 5.50| 845
6.25 805 7.55 | . 990 9.75] 1320 7;50 1150
7.50 | 95 9-75 1220 12.50| 1650 | = 8.50| 1%20
5.25 | 1050 | 11.50] 1480 | 16.00| 2300 | 9.50| 1480

10,00 |"1290 | 13.50| 1720 | 19.75| 2650 | 10.00| 1650

11.25 ‘1460 14,75 | 1890 22,50 2050 11.50| 1770

14,00 1836 16.25 | 2090 | 27.25 5550» 12.50 1990f
17.50 2170 | 19,00 | 2360 %2,00f 3740 15550 2120
24,25 | 2420 | 35,00 | 2520 35,000 3600 | 29.00| 4120
37.50 |2910 - | 47.50 | 3200 | 37.50| 2850

47,50 | 2875
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IAENVLS] “Mdgag
TOOHDS FLVAAVYD EOATIOD ILIILOW

7 Days 14 TDays 21 Days 28 Days

Tesk | Wire ' : . . —

. ? i \I\le,\es\\t C_Y.Lu E "‘06 \I\IQ\'-SL\*- C-}c.les EX\OG \J\Ic.‘ﬁl«‘t C.\sol.es E x1o0 \I\(e_.'j'v\'t C-lol.es = x\0

rcentd ) ‘ 3‘:

No € ‘t: (%M’ k?!i) (3_‘) L\)s.‘,) (‘%__‘) (PS\-) (%\n) (? )
1 Plain |1647 {1890 | 3.6% | 1579 | 1920| 3.54| 1560 1040 | 3.45| 1565|1940 3,37
2 | Plain [1625 |1900 | 3.%6 | 1557 | 1970 3.46 1545/ 1950 | 3.36 | 1544|1950 | 3.36
3 ’1 1e€7 1920 | 3.24 | 159¢ | 1940| 3,20| 1583 1930 { 3,14 | 1582|1920 3.11
4 1l 1674 1920 | 3,29 | 1604 1950 3.25 1594 1950 | 3,23 | 15921950 5.22
5 2 1728 {1980 5.2? 1660} 1970] 3.22| 1648|1950 5.13 1646 {1930 3.06
) 2 1711 |1980 | 3.35 | 1648 | 2010 3.3%2| 16%8| 2000 | 3,27 | 1635|2000 5.27
7 3 17%0 {1940 | 3.00 | 1661 1960| %.00| 1652|1940 | 2.93 | 1648|1930 ;2'89
8 3 1725 (1960 [ 3,12 | 1661 | 1960| 3.,00{ 1650 1980 3,04 | 1649(19080 { 3.04

fABLE 4 - Summary of Dynamic Eléstic Modulus Experiments

le BOVa
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-7 Days 14 Days 21 Days 28 Days
Test |\Wlire
N, Ptfc'éq{ajc'b‘[t‘l\odc L.;\Q{ L Iéi__': % 16‘ Loss PERVNE] .D_E'x'lo-‘ L‘,s; a{\/\l{_o_é &|o-‘ Loss o £ Wi
‘ Gia lid Ca=) | Gadind (=) Ciatd] (=) G i) (1=

1 | Plain | 49 68 71 78 8% 82 98 86

2 | Plain | 43 68 69 80 80 81 95 87

1 ta 70 | 65 83 75 84 86 89

4 1 41 70 | 65 80 76 | 82 88 89

5 2 39 | 68 | s8 80 66 | 82 76 88

6 2 39 6% | 59 7% 67 76 77 ' 80

7 3 34 . 69 | 51 - 78 58 82, 66 86

8. 3 38 64 | 54 75 61 | 76 70 82

TABLE 5 -~ Shrinkage Data
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X

INDDT X( ) ’
Percentazge : _

of Vire 0 1 5 3
Compressive

Stréngth 1 |2.48 | 3,86 | 4.95
Tensile .
Strensth 1 |2.16 | 3.26 | 4.25

A : 2. o -

Shed nage 1 12,68 | 3.90 | 490

Toble 6- Index Values for Various Properisies

of Vire Reinforced Concrete

gien

A\t

sx‘r b" b

igure 18-Index Values Plobvted Agalnst
Psrcentage of Vire Reinforcemsnt

{

2z

A Fef&anﬁiﬁ QQ yd:rc

() Cast-dtrength Ratlo of Plain Concrete is btaken as the base.
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CHAPTER V
DISCUSSICN OF RESULIS

In the present work, the effect of including short,randcmly
distributed, closely spaced wire reinforcement on properties of
concrete have been investigated. They are

a}‘>fensile strength

b}f Compressive strength

‘cj Shear strength |

d);.qtraln at maximum load

e)f_Strain energy at maximum load
f)"’Statlc and dynamic moduli of elésticity
g) Workability andrdensitj

h) Shrinkasge

i) Econbmy;; 

The results have been presented in previous chaptzrs.

, In this chapter, we will discuss these results one by one
and try to draw conclusions concerning the applicability 6f'such
reinforcement, ’ -

a) TENSILE SIRENGILH

Split-cylinder test results summarlzed in table l show a “~__
definite increase in tensile strength of concrete with the additioz
of randomly distributed short wires and thls follows a certain
pattern which is a function of wire spa01ng (Flgure 9), in aggree-
ment with the theory stated at the beginn;qg. A question may arise
whether the test method employed, that is, split-cylinder method,
represents the true fallure criteria. It'is true that tensile

strengths obtalned from splltflng tests are hlgher than the real
values but it 'still serves our purpose, as it gives a comparative

scale.
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~ Figure 8 indicates the rate of chénge of tensile strength
with thQ,addition Qf wires. 1t is seen that rate of increase in
‘strength being high at the beginning, it flattens out after 2
percentténd reaches, more or less, %o an optimum at 3 percent wire
reinforcemenh..lensile'strength at this percentage is increased %o

more than 1.5 times as compared to plain concrete,

b) COMPRESSIVE STRENGLH

Table 3 shows the effect of wires on compressive Strength of
concrete. Increase in compressive strength is‘not as high‘as
increase_in'ténsile strength but it goes up to 141 percent with a
wire of 3 percent. Looking at figurell, we can conclude that
increase in strength is high, up to 2.percent, after which, i%

- slows down. From the pattern that the curve follows, ve can conclud
that an optimum is reached after 3 percent. .

e

¢) SHEAR STRENGIH

v Shear stréngth is determined by employing Mohr's envelope

(figure 13)., figure 8 indicateé'that shear strength shows a similax
behaviour like tensile strength.rThat is, 50 percent increase in
strength is attained with 2 percent reinforcement, after which,
gain is negligible compared to steel used.

d) 'STRAIN\AT“MAXIMUM LOAT

Cbservation of figure lZ shows that there is a straight-line
relétionship between amount of wire reinforcement and strain a%
maximum load; Strain decregses with increase in steel percéntége.
This indicates that ductility of concrete decreases with addition

of wires,.

1

"e) STRAIN ENZRGY AT MAXIMUM LOAD

Strain energy is calcﬁlated by measuring the area under the
stress—strain curve.The behavior of strain energy ab maximum

" 1load with change in steel percentage is given inAFigolzq,
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There is a rapid increase in strain energy w1th the addition of
1 percent wire after which, it does not change much. This shows
that toughness of concrete is max1mum with 1 percent of wire

;reinforcemen that is, more energy is absorbed before failure
starts. |

£) STAlIC ANI DYNAMIC NCIULI OF ELASTICIEY K‘

\ ‘

Qta+1c modulus of elas+1c1+y is also affected by wires. Effecy

“being negligible for low percentage of steel static elastic mo-
dulus of concrete with 3 percent reinforcement is l 3 times as
much as that of plain concrete., This explains the reason why
ductility and toughness are reduced with higher percentages, as
stated in preVious paragraphs. ‘ '

. . !
Steel wires‘also increase the dynamic elastic modhlns of
concrete. The change is small at low steel percentages, increases
rapidly after 1 percent and reaching to an optimum between 2 and
3 percent, begins to decline (figure 14 ), The decrease in dynamic
modulus of elasticity for high steel percentages can be explained
by decrease in workabllity and density of concrete which will be

discussed 1n the following section.,

, However behav1our of dynamic elastic modulus with time is
rather erratic ‘for various percentages of steel (figure .15 ).
plain concrete, dynamic modulus increases for the first two weeks
after which, iﬁhdecreases gradually, reaching to its initial

seventh day value. For the samples with 1 and 2 percent reinforce-|

ments, there isia gradual decrease in dynamic modulus with time,
The case is more complicated for samples of 3 percent reinforcemen
since there isino any definite pattern other than fluctuationms.

- These may be dﬁe to stress concentrations present in the concrete

2 mass caused by,resistance of wires against shrinkage.
! .

g) "'ORKABILITY AND msmx

Althoughithe plain concrete mix was quite workable it was
observed durlnc mixing that, addition-of wires reduced workability

m o ide At anA and even ¥ith 3 percent of wires. nmixine was
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quite difficult., Density measurements of fresh‘concrete also
reflect this. Unit weightvof concrete with -5 percent reinforcement
was 138 1lbs/cu.ft, whereas, it waé'lua lbs/cu ft. for low percen-
tages of steel (weight and volume of stenl are excluded for the
above calculations).

h) SHRINKAGE

Measurements done on len th changes rnveal the effect of wire
on the shrinkage of concrete. As stated before, first readings
were taken after a water curing period of 7 days. The effect of
wirés is small during the first week of drying but it becomes
effective afterwards. Figure 16 shovs that magnltude of shrlnkage
1s decreased considerably with the addition of wires and this is
more definzd for longer periods of drying. :

i) . ECONCHM

Feagibility of the method is investigated by making a cost
analysis and finding out an index for each physical preperty of
the concrete taking plain concrete as the base. Table é summarizes
the results of calculations given in Appendix, part c. As seen
from figure 18, it is not possible to find a steel percentage
which will give a feasable solution with the current prices cf

teel wire. However, this can be attained by using scme suitable
industrial waste as reinforcement, in which case the ccst will be

decreased,
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CHAPTER V1~

CONCLUSICN

Test results indicate that the two—phase property of wire

‘reinforced concrete cén_be utilized in!a'large ehgineering field.
Crack controlling characteristics suggest applications in flexible
pavement design, constructicn of structures which are subjected

to chemical attack from the surroundings, -such as marine construc-f

tions and those exposed to sudden, high temperature changes,
Increase in shedr is advantageoué for beams reducing shear rein-
forcement necessary. Iue to its lov shrinkage, this material can
be used in highway and airfield constructions,'where width of

shrinkage join%s is an important problem,

e
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CHAPTER VII_

. SUGGZSIICNS

‘he results of this thesis work have revealed that the
material at hand has improved properties as éompéred to normal
concrete, which make it convenient for a wide range of structural
applicaticns., There are still some questions to be' answered. The
resistance of wire reinforced concrete to impaét loéding, repeated
loading, freezing and thawing should be inVestigated; Theoretical
snalysis discussed at the beginning suggests that these charac-
teristics can alsc be improved by wire-reinforcement. |
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b) DYNAMIC MOLULUS OF ELASTICITY'

From strenght of materials; deflectlon of a beam subaected
to a moment is glven by the dlfferentlal equatlon

2 o :
M= Er &% B (22)

v - "‘ -
%»\\~\*‘—*T"///(ﬁ% 352

| o v v =_au @
where M :,.béhding moment o
v :'féheafing force
1 :7Em6ment of inertia
x‘}jfdeflectlon at the cross-section .
Y :ildlstance from origin to the cross—section 'g
If we assume a sinusoidal deflection along the beam e

vi

xs X, coswt S T (as)
g SNLS 3 : A
| f ,?3— P - . L (25)

l\Assumlnv mass is’ unlformly dlstrlbuted being m per unlt length
the inertia force dF of element dy is given by ‘

M

JF - "‘"“"‘on ‘ '. ‘ (27)
d\s . Sl
3£% is equal to the varlatlon of shearing stress along the beam
Therefore

‘ 4
lAr dv. I'M EI'J X.

37 ) e l3y
from which it follows that |
o c 1
AL(S(. _ W XO:O o
U ET " ,

The generél solution is given by G.W. Qanten (12) as

X ) xo___ A\ S{U\L\ Fj + ALVG"SL\ F‘j f.A’};S\'\?S + AL‘Q'S F;) ‘, ( (29)

T

1
i

(28)
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e

M\«JL

where

P= ET

Constants can be determined from the boundary conditiohs.

For a simply supported beam of length 1 :

X,= O , M- o at 4=°

X.=0 M=zo0 at 3=Q-

and natural frequencies are

oAt /_ETXT :
\ro = <+ : - L(’ . (50)

where n=1, 2, 3,....

However, this equation does not give reliable answers and
some corrections should be made for torsional vibrations, etc.

The following-formulaftakes care of the necessary:correCtion

.

(%) o |
- CEs O (31)
where W : weight
v, : natural frequency
LL—.'D ’
c . A%t
§ T m4
where L : length
g : gravitational constant

m : a ccnstant which is equal to 4.730
C is corrected as C=C'T where

1

k3 r 4
ToUrera(g) B Ly \25‘(’/UL'
tr 8103 (7/1)°

for =1/, and
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c) CCST ANALYSIS CF CONCRETE

(The prices are taken from™the Bill gi Quantities, published
by the Ministry of Public Works.) '

1) Cost of‘plain concrete : ‘ 117.81 T.L./m3
(including cost of materials, . ‘
use of machinary and workmanship) 117.81 T.L.

2) Concrete with 1 / reinforcement :
Cost of plain concrete : 117.81 T,L. -~
Cost of wires 10 x 7.88 x 3,00 236.00 T.L.

353.81 T.L.

3) Concrete with 2 [ reinforcement
Cost of plain concrete : 117.81 T.L.
Cost of wires 20 x 7.88 x 3.00 472,00 T.L.

5890.81 T.L.

4) Concrete with 3 J reinforcement .
Cost of plain concrete : 117.81 T.L.
Cost of wires 30 x 7.88 x 3,00 708.0C T.L.

825.81 T.L.

T C. /Cb. S, /C,V

Tos./s. S, /Ca
where In index of concrete with a steel percentage of n.
Sn strength of concrete
Cn cost of concrete
S ahdlco . strength and cost of plain concrete.
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Calculation of Index Valuess

1)Compressive Strengths

1% Wire
2% Vire

2% VWire

L3
°

20

o0

.

tate /1.8l _ =g

S./c. 2310 /113,81
< /c. 1520/353. 81
. /cCo B |
Sule, ) 3r4o/ 589 91
S./ce 13/ ny.en
$3/C,  4lre/ gis.at

2)Tensile|Strengbhs

1% Wire

2% Wire

%% Wire

3)Shrinkages

1% \ire

e

a0 )

co

oD

Se /Co

s /¢,

LsL /e
S /Cy

S,/E(
$3/C3

S, Cy

S. C.

S, Cq

T

S, C,

= 4.35

358 /w8l 2.6

See /. 153.81

358 /130 ‘= 3.38

530/ 589.31

358/111.81\
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d) DETFRLUINATION OF WIRE SPACING

The average spacing of wires in the concrete mass
for diff¢rsnt wire percenbages was calculated according to the

equation(20) given in chapter III,
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