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DOCEMIT LAEINFORCAD WITH SHORT WIRDIS

- - * . -« *
Dy Swith Kawpeuposl and Preechs Disathien

SUMMARY

This investipatlon was performed in two stages. The first stage is
to determine the optimum wire length based on the strength of the slab.
The secend stage is to establish the wire size to yield the maximum strength

of the test piece.

4 set of imprct test and bending test have been applied to the slabs.
A conelusion can be drawn thst Mo, 19 gauge wire of 5 cm in length gives

the highest impact resistance and bending strength.

T. INTHODUCTION

Ferrocemert reinforced with steel rods and wire-mesh was sucess-
fully used in the construction of fishing vessels, barges and grain
storage bins. However the method of congtruction is very tedious and
time~conguming. This conplication couic he simplified by employing the
fivre reinforcement method which sometimes is called a short wire rein-

forcemant.

The object of this investigation is, therefore, to apply the short
wire reinforcement to determine the optimum length and size of rein-

forcing wire based on impact and flexural strength of the test pieces.

I1. MATERIALS AND METHCDS

(i) Cement

Throughout this investigation, Portiand cement type I (ASTM C150-
63), ilephant brand, produced by the Siam Cement Co. was used. 4n
amount of 12 bags of cement were received and stored in sealed steel
drums. About three months thereafter the casting of ferrocenent slabs

was completesd.
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(ii) Sand

Fine sand usged in this project was from 3Ban Xlum. They were
screened through Wo. 20 US sieve and established grain size distribu-
tions were found and shown in Figure 1. As a reference, the Ban Klun
sand was taken from the same source of that used by the Construction
Material Marketing Co. in the construction of 350 tonues ferrocenent

barge, the first of its kind buwilt in Thailand.

{(iii} Iron wires

The ungalvanized wire undoubbedly possesses superior quality in
bonding te the cement nortar and costs less than the galvanized wire.
But special order wust be wmade directly to the mapufacturer. Therefore,
calvanized iron wires of gauge Nos. 24, 22 apnd 19 were selected for this

investigaticn.

{iv) Mixing proportion of cement mortar

The mixing proportiocn of cement wortar was adopted from the mixing
designation M-6 in lepert no, 1 of Desearch Project no. 21/14 “"Ferro-
cement for construction of fishing vessels", using cemenﬁ/sand ratio of
1:1.5 without admixture and water/cement ratio of 0.5 by weight. The

wire reinforcement is 12 per cent by weight of cement content.
@a

{v) Storage of test gpecimens

The slab specimens were removed frowm the woulds after aging of 24

hours and were immediately ccvered with danp clothes fox curing purpose.

(vi) Physical tests

A£11 specimens were tested immediately after 28 days of curing.

iupact test. Opecimens for impact test were cast in the fornm of
100 x 100 x 2.% cx siabs. The test was conducted by dropping a sand
bog weighing 9 kg from various heights upon the fest pieces until the

firat crack was observed.

Flexural test. The specinens for flexural test were wmade to 53 x

36 x 2.5 em size. The arrangement of equipnent for flexural test is
shown in Figure 2, indicating that the test slab is placed on two sup-

ported steel bar spacing at 40 em apart. The transverse load is pro~
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Figure 1. Grain size distribution curves of Rayong sand

and Ban Klum sand. Well-graded sand should lie in between
the shaded envelope.

RETAINED (%)



Figure 2. The arrangement of flexural test equipment.

duced by the third bar which is located in the middle of the slab. The
deflection dial gauge was set under the slab at the middle point.

(vii) Selection of wire length

In determining the wire Iength to produce the maximum strength of
slab, the wires of gauge no. 24 were selected as the reinforcement and

the various lengths of 3, 4, 5 and 6 cm were specified.

(viii) Investigation of wire size

The wires of gauge Nos. 24, 22, and 19 were cut into the most suit-
able length obtained from {(vii). The slabs reinforced with these wires

were made and tested for their physical properties.



117, REBULTS AND BISCULOSION

(i) Wire length

The optimum length of wive was determined by comparison of the
strengthk of the specimens under both impaci and flexural tests. The
results shown in Table 1 reveal that the impact strength increases with
the increase of wire length. [However, tke upper iimit of wire length
is governed by the workability of the mixture. Should the wire be toeo
long the thorough mixing will be next to impossible. Convinced by this
fact, it was decided that the maximum wire length of 6 cm is suitable

for this investigation.

The bending test results in Table 2 indicate that there was insigni-
ficant difference in bending sirength. The load deflection curves in
Figures 3, 4, 5 and 5 show that the bending strength of the test slakbs
are comparatively wmuech lower than those reinforced with wire-mesh.
Lnyhow their yield strength as determined by the 0.2 per cent offaset

cannot be detevrmined.

But the results {Table 2) indicate that test specimens using 5 cm
wires yield the maximum flexural sirength; also their load deflection

curves {Figure 6} show consistent results for the five test gpecimens.

it is, therefore, recommended that the wire of 5 cm long to be used

in the next stage of investigation.

{ii) Wire size

A geries of impact and bending tests of test specimens of fixed
length but variable diameters were undertazen. The results of impact
test in Table 3 and those of bending test in Table 4 reveal that the
impact resistance and bending strength were at maximun when wires of

larger diameter were eusloyed.

it is, therefore, established that the FNo. 19 gauge wire is most

favourable.
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TABLE 7., IMPACT TEST RESULTS OF S5LADS WITH VARTOUS  LENGIH OF wIRE GAUGE NO, 24

At initiation of c¢rack

Length of Welght of

Slab no. reinforcing wire slab Improt Dro?plng fmpact
load height energy

{om) (kg) (ke (m) (leg-m3

24T-5~1 3 53,0 G 1,50 1345
24T-3-2 3 53.6 9 1450 1545
2UT-32-3% ) 52.9 G 1. 50 13.5
24Tl 4 52,8 9 2.00 18.0
2uUT-h-2 L 54,7 9 2.20 19.8
2hT-b-3 4 5544 9 2.25 20.25
24T-5-1 5 54.5 9 3.50 31.5
241-5-2 5 55.6 g %.50 3145
24T-5-3 5 55.8 9 3.50 31e5
24161 5 53.6 9 450 Lo.5
241~6=-2 5 55.6 9 4,50 L4o.5
24T-6-3% 5] 560.0 9 4,50 L40.5

TABLE 2. BENDING TEST RESULTS OF SLABS REINFORCED WITH VARLIOUS LENGTHS OF WIRE GAUGE

NO. 24

Length of Weight of &4t initiation of crack

Siab no. reinforcing wire slab Flexural load Flexural strength
(em) (ki) (ke kg-om”

2UF-3% 3 10.53 180 1.%3
2LF=k 4 11,28 215 1¢59
24P-5 5 11.05 218 1,62
24F-6 6 41,04 202 1.Lko

Note. The values are the average of 5 specimens.
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Figure 3. Load-deflection curves of 5 elabs

reinforced with 3 cm wires of gauge No. 2h.
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Figure 4. Load-deflection curves of 5 slabs

reinforced with 4 cm wires of gauge No. 24.
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Figure 5. Load-deflection curves of 5 slabs

reinforced with 5 cm wires gauge No. 24,
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Figure 6. Load-deflection curves of slahs

reinforced with 6 cm wires of gauge No. 24,
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TABLE 3. IMPACT TEST RESULTS OF CLARS WITH VARICUS SIZES OF WIRE REINFORCEUENT

At ilnitiaticn of crack

Length of Welght of -

s - Impact Drepplng Inpact

5lab no. reinforclng wire slab Lond haight cnergy
(o’ (kg) (kg) (m) (kg-m)

2LT-5=4 5 54,5 9 2.0 18.0
241-5-5 5 54,0 ! 2.5 22,5
241-5-6 5 53.5 9 245 22.5
22i=5=1 5 54,5 9 5.0 27 .0
22T-H=2 5 52.5 ] 2.5 2245
221-5-3 5 53.0 9 2.5 223
191=5=1 > 5L.5 9 3.5 29,25
19I~5-2 5 55.0 3.50 %145
19Y~-5-3 5 53.5 2,50 51.5

TABLE 4. THE PLEXURAL TEST RESULTS COF SLABS REINFORCED WITH VERIOUS SIZES OF WIRE

At initiation of crack

Gauge no, of Length of Welght of mm
Slab no, reinforcing wire slab Agiiﬁed SE:Z:;E%
wire (cm) (kg) (kgD (kg/ene) L
2LF=5=2 24 5 11.02 223 1.65
22F=5=1 22 5 11.08 203 1457
19F=5=1 19 5 11.04 278 2.06

f=]
ot
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Figure 6. Load-deflection curves of slabs reinforced

with wire of gauge No. 22 of 5 cm length.
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Figure 8. Load-deflection curves of slabs reinforced

with wire of gauge No. 19 of 5 cm length.
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iV, CONCLUSIOHN AND RECOMMEHDATION

Prom this investigation, the following conclusicne and recommenda-
tiong can be drawn:

1. Slabs made with No., 19 gauge wire of % cm in length establish
the highest strengtli.

2. DBoth impact and bLending strengths are comparatively nuch lower

han these obtained frow tihe ordinary ferroceument test specimens.

%. Because of the poor {lexural test result, the yield strength
ot o s - - .
at 0.2% ofiget cannct Lz deternined.

L. Shouid the nor-gaivanized wires were used, the bond strength
=3 L

is expected to bLe improved.

5. The impact resictance increases with longer wire reinforceuent.
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