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CEMINT ROOFING ELEMENT II .

, * : V¥
By Jeans Overgaard and Narong Sukapaddhanadhi

SUMMARY

In extension of the previous test on ferrocement roofing, another
element wag made in the same.mould but only 18 mm thick and without
transverse celnforcement bérs; The_wire mesh reinforcement which is the
most costly\item_of the naterial components was reduced to % layers only.

ths was done to reduce the cost of materials as well as 1aBour inputs.

Due to the-simplicity'of the reinforcement it was not necessary to
tie it together before placing in the mould. Mesh and longitudinal bars
could be placeu dlrcctly in the mould and they were only tied where the
mesh was not flat enouch to it to the sides of the mould. Bars were
held in place by stretching and fastening them &t each end .of the mould.
In comparison with previoﬁs expérienée this technique'ﬁroved considerably
easier. Also the plastering was greatly facilitated by the more open ’
reinforcement in this element. It toock only one fifth‘of the time that
was spent on plastering the previous element which was more heavily rein-
forced. This meent that the whole 7.30 ® 1,20 m element could be plastered
in one operation, thus aveoiding cold jdints. As.in the previous test a

vibrating trowel was used. This seems essential for a gocd compaction.

The element was exposed to a load test after 24~days.curing undelr wet

gunny bags, and L COllcpsed due to lacking stability of the sides at mid-
span. The *oad at the eritical 1o§§ was equivalent to an evenly distrib-
uted pay=loﬁd‘QF 360 kg/h2 on a 7.00 m span. Related to the requirements
of the building practlce in Thalland of 50 kg/n this means the factor of

safty was 7.

INTRODUCTION
Teport Mo, 1 in Research Project No. 21/17 deseribes problems
in the maki ﬁg of and the results of tustlng a 7.30 x 1.20 m folded plate
ferrocenznt roofing element. Due 1o a rather dense reinforecement, it

was very labour consuming t@ prﬂpare the requorcement as well as to

work the plaster inte the reinforcement. The loa& test proved that the

* R R
Minerals and #etals Group, Technological Research Institute, ASRCT.

1



In order to obtain a good workability of the mortar at the low
! : o - . . . N 'Y
water/cement ratio needed, a sand with a fair amount of coarse grains

»

was vsed. It's grain size distribution is shown in Table 1. This sand

has finenesgs wmodu which is higher than that of the sand used in the

4 commercial plasticizer was added for improved workability, and

a metal oxide was added to improve the hond of the vround bars.

Two kinds of round bars were used. A nominal & mm for skeletsal

IS

steel and a nominal 9 mm for siringers in the extreme tensile and

compresgive zones. The element also contained 3 layers of ginc coated
hexagonal wire mesh, gauge 25 with 3¢ openings. The location of the

the gection in Figure 2, and yield point,

meo ot other characteristies are indicated in

Table 2, of wire mesh were all oriented in the same

direction

TABLE 1. GRAIN SIZE DISTRIBUTION OF SAND

Sn = . 4
1eve opening .25 o .5 1 - - 4 8 Fineness
{(mm) ' : - - modulus
Passing :
(%) 0 2 28 61 87 98 100 3.2h
o/ )
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Figure 2. Section with location of reinforcement .

(Measures are in cm.)

TABLE 2. DATA FOR REINFORCEMENT

Weight per n® wire mesh: , . 350 EII?
Zinc content: : ‘ 310 glkg
Steel content: - 990 glkg
Dismeter\of naked wire: : 0.41 mm
Yield stress of wire: 4,270 kg/cm2

. 2
Tensile strength of wires 6,080 kgfom

J

Modulus of elasticity of wires B, 8% x 0" kg{qna
Dismeter of thin rods; 5.8 msm
Yield stress of thin rods: o 3,800 ‘kg/cma

- Tensile étrensth of thin rods: 4,700 ks/cm2

Diameter of thick rods: 8.6 mm
Yiéld‘stress of thiek reds: no pronounced yield ﬁoint'
Tensile strengtﬁ of thick rods: ) 9,400 kg/cn2

. e . ‘ 4
¥odulus of elasticity of rols: Es = 210 x 10 ks/cna




o
Figure 3. Orientation of wire mesh. (Measures are in mm.)

Mortar

As in previous ferrocement experiments at ASRCT a cement/sand
ratio of.1§1.75 was used, and due to the sands slightly lower content
of fines it was possible to obtain a mortar with godd workability at a
water/éement ratio of only 0.35. This gave a mortar with a compressive
strength at 21 days of 652 kg/cm2 as average. Individual results varied
from 510-800 kg/cmz. | ’

Since earlier experience has  ghown that the concrete mixer avail~
able in the laboratory is unsuitable for this type of mortar, it was
mixed by hand in a one by two metre mixing pan. Considering the regults

of the compressive strength test (5 cm cubes) this seems to be adequate,

The improved_plésticity of the mortar resulted in a much better

penetration into the mesh as compared with the previocus test.

Designvof element

- The element was designed in the shape of a folded plate, see see~
tion in Figure 2. It had an effective width of 120 cm and a length of
732 cm. Fach bay had 2 diaphragms located 60 cm from the ends of the
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5o form an overlavping
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1ifting and handling the element. The long edges were shaped

joint.

wantity and cost of materisls

ey serve to give the element rigidity and they are also

o

results of ¢ffort to bring down the cost af reinforcement, by

c
amount of mash +

to Table 4 in report Ne. 1 of
bring dows the materials cosgt
- ;2 .

saht/m” . Thig comparcs o th

¢ half and the amount of rods

vy 27%, were

sxtent offsct by the rising steel prizes when comvared directly
J - J

this series. However, it was possible to

to about 100 baht/m or about 23

he materials cost of an asbestos-—cement

roof on woeden Yrusses, without gutters or ceiling and spanning no more
than & metres. On longer gspans the ferrocement roof is the most econo-
mical.
TABLE 3. QUANTITIES AND MATERIALS COST IN BAHT/METRE
{Hote that the element is 1.20 m wide)

5 layers of mesh, 5 md, 1.75 kg © 26 baht

$ 6 mm rods, 15 m, 3.30 kg 2% baht

$ 9 mo rods, 7 m, 3.50 kg 24 baht

Subtotal 8.55 kg 70 baht

Cenment 22 kg 12 baht

Sand %9 kg i 2 baht

Weter and additives ete. 8 kg 1 baht

. Subtotal 15 baht

Formwork, formoil etec. 15 baht

Total 100 baht

*

Prices re

fer to Qctober 1873,

o



1z and with people who weve familigr with the
+the entire labour input did net exceed 7 man-—
on a commercial scale this figure can be

nding on the degree of muchaﬁ zation.

The clewment was cured under wet gunny bags for 21 days, after
whick it was transferred to two concrete supports placed 7 m apart.
Thz side ﬁhich had 2con focing the mould was given a lime-wash in order
to faciliitate the detectiocn of cracks during the load test. EOWevér
this proved fviile, Although the formation of cracks was gudible, it

yle to loecate any cracks by the naked eye due to their

S AND DI%CUS ION

tial stage of the test the deflexion followed the load
h

9
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. . ) 2 .
tionghip where EI = 9.5 x 107 kg.cm (B veing modulus

o

a
of slasticity of *he composite and I the noment of inertia of the un-

) wmoment ef about 800 kg.mn was reachad,
¢ formation of cracks the forces in
he defleéexion now followed the -load

3.0 x 1@9

9 . N
kg.em© {see Figure L.
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due to the result of lacking stability of the two free gides which both
- . 2\ . [ ¢

collapsed suddenly (Figure 5). Unﬂer conditions in which the element

would Lo used, this would not happen as the sides would be supported by

neighbouring clenents. It could alsc have been delayed by nlacing a
at

=J
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Figure 5. Sketch of the element after collapse.

The modulus of elasticity of the compeosite can be assumed equi-
valent to that of the mortar alone, Em = 30 x 104 kg/cm2, since the
volume fraction of the mesh is as low as 0.006. The moment of inertia

I for the section in the uncracked range is 3 x 10* cn®. This includes

the rods and the mesh. Rods are converted into effective mortar area

E 4

at & rate of £ o 2£Q—£-124 = 7 and mesh is converted at a rate of

Em 30 x 10

Zp 89 x 10" _
Em 30 x 1(}2l
' v

the compressed gone. This leads-to a reduced I of about 1.1 x 10" em

3. ‘In_the cracked range the neutral axis moves towards

and at this stage the compressive stress of the mortar has reached a
level where Eﬁ should not be considered higher than 27 x 104 kg/cmao
The bending moment resulting from the element's own weight is at mid-
span 465 kg.m. It is now possible to calcuiate the stresses at the ex-

treme fibres.



Yhe maxiwum stress in the mortar at first crack:

(. 4 »/2 (665 + 200) 10° x 15 5

+ g + ‘ o 2

cm = % - < ¥ 7 = I 6% kg/on
I % x 10

The wmaximenm stress in the moritar, Om and the maximom stress in
at the point of failure:

~(155 + 2,680) 102 x 8

= 230 kg/en”

1.1 x 10°

(1, + 2 ) b, B (465 + 9,680) 102 x 20 x 210 x 10”
g8 = = - M"’ = % T ==
i.ﬂm 1.1 » 30" x 27 x 10

= L,450 kg/cmg

Thegse stresses are high, and it ghows that even if the sides had
loadbearing capacity was almost exhasusted anyway.
two thirds of the ultimate bending moment as a reason-

able design cri ty coefficients of 1.0 and 1.5 for dead
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load and live load respeetively, it is possible to determine the maxi-
‘ s . o . ' " 2
mum span at which this type of roofing element would carry 50 kg/m”,

which ig the reguived live load for roofs in Thailand.

. N s P 2
The dead load being 76 kg/m” we have

at thig gpan due te live load only will be ome

a
centimetre or legs than 1/900 x span. However the deflexion due to

ign is very suitablé for roofing purposces.

The folded plabe desig 0 g
Its geometry is simple ond it is wmegihetically satisfying. As there is
no double curvature, formwerk is 2asy to manufacture.

Bue te the thin scctions obitainable in ferrocement, the weight of

even guitc large elements can be kept at a level where simple
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lifting equipment will suffice. Light weight is an imporiant factor

i
in areas wherce foundations require piling.

for low coest housing in warm climates.
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APPENDIX

LOAD, BENDING MOMENT, AND DEFLEXION

RECORDED DURING LOAD TEST

3
1 2 3 & 5 6 6 5 & 5 2 1
FN\65 . 50 .56 . 50 .50 .50 .35.35.50 . 50 .50 .50 . 50. 65 "\
§L§ 700 cm R 'RI
| I { t
Reaction , Bending Deflexion
= Load in kg at varicus positions moment - at
at suppord at mid- mid-span
1 2 % L 5 6 span
(kg} ‘ - »(kgam) oo (mm)
100 ' ’ : 100 315 1.46
266 100 100 580 2.8%
301 | 100 160 100 795 5.10
L3O 100 - 100 1008 100 960 5 .05
530 100 166 100 100 100 1075 7 ik
500 100 106 186 100 100 100 1120 9.00
700 106 100 100 100 100 200 1455 14.903
800 163 100 100 100 200 200 1720 18.20
900 100 10C 188 200 - 200 200 1935 21.55
1600 190 166 200 200 200 200 2100 2% .85
11900 109 200 200 200 200 200 2215 - 27.17
1236 200 206 200 200 200 200 - 2280 - 28.15
1200 160 200 260 200 200 300 2530 31.29
1200 106 18C 208 260 300 300 2650 FATL




