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FERROCEMENT ROOFING ELEMENT

* *
By Jens Overgaard and Narong Sukapaddhanadhi

SUMMARY

An investigation of ferrocément application for self-supporting
roofing elements of long spans, and‘its‘suitability for prefabrication
in mould. o

-~ A prototype element was made in a wooden mould. The design was a
folded plate type with a W-shape section. It's span was 7.00 m and it's
width}was 1420 m. Tﬁickness Was.20~25 mm with 6 layers of gauge 25
galvanized “chicken mesh" and 6 mm bars centre reinforcement.

The reinfdrqement was bent and tied primary to being placed for
plastering in the mould. Plastering prerd véfy difficult; although a
pneumatic vibrating trowel waé used. Ultimate bending strength wasyvéry
high equivalent to a load of 600 kg/m2_roofing area. The deflexion at

the critical load was about 1/130 of the span.

INTRODUCTION

ADRCT's earliest investigations on ferrocement were focused on its
marine‘ap§lication. Later research aimed at establishing general know—
ledge on its physical properties with respect to distribution of rein-
forcement. ' o .

%,

Recently atteﬁtion has been given to its eventual terrestrial ap-
plications, among which a grain silo intended for storage of rice should
be men%ionéd as a successful result. A large construction com?any in ©
Bamgkok has had good resulis in it's efforts to produce fresh-water

storage tanks in ferrocement.

Common for all these applications is that they all make use of fer-
rocanesd 8s a mabterial with high strength and impermeable to water. The
same two progerties_indicate that ferrocement should be a suitable

roofing material,
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Sconomic roofing in Thailand is usually made of either asbestos-
cement or galvanized steel, both carried on a woodén structure, and
therefore subject to deterioration by rot, termites or fire. In addi-
tion to tkis, Thailand is faeing o shortage of wood and any effort teo
moderate the use of this material is in the interest ofrthe nation. On
short spans (i.e. less than 5 m) the amount of wood in an asbestos—
cement or corrugated irom roof is still not excessive, but %bove 5 m
span, the wooden struecture begins to contribute considerably to the

ost of the roof.

I+ appears that in the range between 5-15 w span, abdve which rein-
forced concrete or steel usually dominate, there would be an advantage
in witiliming fe rrocamunt in o degign that climinate the use of trusscs.

s of conqtructions that make use ofvroofs with free spans
of that length are many. They include shads, industrial buildings, and
officc buildings, but also residential housing may benefit from using
roofs which can span from one external wall to the other, as it gives
greater freedom in degign an d better flexibility in placing partition
walls, which then nead nod he loadbearing. As a matter of fact, the
desigrn chosen for this invegtigation was part of a low-cost housing pro-
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igned by the Natiornal Building Research and Development Centre
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alian architect Pier Luigi Nervi, who gave this material itg
name, has constructed several buildings with ferrocement roofs, some as

thin ghells with single or double curvature and others in various shapes

o

Cx

]

olded plates.
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MATERTALS AWND METEODS

The materials used for ferrocement construction are cement, sand,
and steel, with swall amounts of additives. The cement-sand mortar is
very rich on cement and should have a low water/cement ratic. The rein-
composed_oz‘thin wvire mesh tied to a 10-15 cm skeletal
rs. It is important that the reinforcement is

8 a
orrily digtributed in the mortar matrix.



Figure 1. Ferrocement roofing element prepared

for load test.

Sand

To obtain a suitable grain size distribution two types of sand were

mixed in the proportion 1 part fine sand to 4 parts coarse, see Table 1.

TABLE 1. GRAIN SIZE DISTRIBUTION OF SANDS

. Fineness—
Sieve opening (mm) 425 .2 .5 1 2 b 8 modulus
Fine sand, passing (%) 3 42 95 99 100 100 100 1.90
Coarse sand, passing (%) 4 2 28 63 83 94 99 3.29
Combination: passing (%) 2 4 42 70 8 95 99 3.02
Cement

An ordinary Portland cement (Type I) was used.

Additives

T¢ the mortar a plasticizer was added and an agent was used to

prevent the development of hydrogen bubbles along the reinforcing rods

due to galvanic action.



kinds of reinfércing steel rods were incorporated in the ele-
nent. Noﬁinal 5 rm rods ‘or the sxeletal grid und nominal ¢ mm rods as
str1£g=fo in the extreme comPre931Ve and" ten511b gones. TC cach gside of
the skeletal grid was tied t%rne layers of Japanese-nade hexagonal
zine coated wire wesh, gouge 25 wire with % openlngs. The rods wexe
erolled materigl, this C*plalns the difference in yield point and

@
ultinate tensile strength b tween the 6 mu and the 9 mm rods. Data’for
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ang
two kindsg of reinfOIceuemt are in Tables 2 and 3.

TABLE 2. DATA FOR WIRE MESH N

wﬁgm,mrmgwhem%h 3 350 gm2

_Zine content - g 210 g/kg mesh
Stesl content : : 690 .g/kg mesh
Diameter of naked wire : 0.44 mm

Diameter of galvanized wire : 0.5 mm
Yield stress of wire ‘g 42,7 kg/mm2

. 1 . : ’ -2
Tensile strength of wire . s 60.8 kg/mm

TABLE 3. DATA FOR REINFORCING RODS

Description Diameter 'Yield stress . Tensile strength

. BN 2

(om) (kg/cm®) = - (kg/em™)
6 mn grid : 5.80 3,800 ‘ \ 4,700
9 mm strlngeré 8.6¢c 7 S e "9, 400

Note. The 9bmm bars had no pronounéed yield point and showed only

about 482 elongation before breaklng

Mortar

Previous iﬁﬁestigaﬁions have proved that a cemcds/cand ratio of
v r ferrotaﬁent. The water/cenent ratioc was set to
0.40 after a norta? with a w/c = 0.35 had>prGVen too hard to work. Ad-
ditives were used in a total quantity of 3.1 ml per kg cemeént.

, The nortar was worked into the reinforc&went from one side only.
It was o very difficult task that lasted 5 working days. However, only
two wen and a sqpervisor were available for mixing'of'mortér and plag-
tering. | ‘ |
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The mortar was mixed im a small "freefall" concirete mixer
(capacity 35 1), Due to the low w/c-ratio it was necessary to pre-mix
the'dry matefials, and then with‘only the water in the mixer, add the
dry materials little by little. It became clear that this kind of
mixer was unsuitable for iow water mortars. It was also learned that a
vibrating trowel was essential for working the mortar into the reinforce~-
ment. The cold joints were treated with a puré'cement slurry before
continuing the plastering. '

When the element was demoulﬂed»it was discovered that the mortar
penetration had not been completed all over, but no attempts were made‘

to repair the voids, see Figure 2,

Figure 2. 'Voids dﬁe to incomplete penetration

of mortar.
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The clement was designed as a folded plate with an effective width
of 12 ¥ (M = modular wnit = 10 cm) and an overall length of 732 em.

o
Above the gupports, i.e. 16 cm from each end was made a diaphragm of
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rrocement to serve as a stiffener and also as a place to hook lifting
gear when handling the element. Figure 3 shows a section of the ele—
2

ment with location of reinforcement. The sides were designed to form

an overlapping joint, that would be able to transfer horizontal compres-

b=y

sive forceus. Onc of the design criteria was to make it possible to
cast elements of various length in the same mould, and elements-that
would s4ill be able to fit together. It is the small tolerances dic—

tated by the joints along *the sides that necessitate the use of a

8
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culd., The W-shape allows for negative as well as positive bending no-
t

nentse When the roof is desired to cantilever over for example a

0

‘porech, the extra rods ﬁay then be placed in the top of the section.

Fable & gives a breakdown of quantities of materials per metre

element, note that the element is 1.20 m wide.

bl ! > 2
Zffective aren covered: 1.20

Volume B dm3
Weights ‘ 90 kg

' *
TABLE 4. QUANTITIES AND COST OF MATERTALS PER METRE

6 layers of mesh: 10 n° 3.5 kg -~ 47 B 39%
$ 6 =mm rodss 26 m 5.8 kg 25 B 21%
# 9 nn rodss 7 m ’ 3.5 kg 15 B 12%
Subtotals 12.8 kg 87 B 72%
Cement : 24 kg 12 % 10%
Sand 44 kg 3B 3%
Water, additives ctc. . 10 kg 1% 1%
Subtotal: 75 kg, 16 B 149
Formwork, formoil etc. 17 B 14
Grand total 120 B - 1004

* . . . . [
Note. Prices refer to early 1973. The rising trend 1n steel prices prevailing at the
time of writing will not change the general picture showing reinforcement as the
-most costly material input.

[



ig obvious that the reinforcement

‘of the cost, and the wire megh ig

awount of wire mesh uvscd in this

usvally recommended for marine

1,. ongidering the results of the load test, it may

co
be possible to weduce the ancunt of wire mesh further, in order to nake
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conomical.

-

On the basis of laboratory experiences it is very diffieunlt to
1 b

atcur input necessary for a production of such elenents.

©

o

It apoe&rs, however, that it is rather high for thig type ef\heavily
orced clement. Considering the labour needed for‘biﬂdiﬁg rein-
forcenent, plastering, curing and denoulding oﬁly,-once a tegn is

% T

ck, an educated guess should roughly be:

Supervigor: I man-hour/m
Trained labours 16 wman-hour/m
Unskilled: 10 - man~hour/r -

Muek work goes into binding the reinforcement, and also the plas—
tering stage takes time, gs it is difficult to work the stiff mortar
into the dense wire mesh. The use of less layers of wire mesh would

also give gubstantial savings in labour.

Liter one month of wet curing the element was transferred to two.
supportis placed 7.00 w apart for the load test. During this operation,
one end of the element was accidentally dropped on the conerete floor
froo a free heigﬁt of about %40 cm. However the impact only caused

ninor local damage at the very end of the element where it hit the

o

Before the load test, the clement was given a limewash to facili-

tate detection of crack patterns during the test, and a device was
set up to measure deflexion and horigontal movements of the nidspan

ied Dy symmetrically placed sand bags, each

i
weighing 25 kg. At the point of failure the element carried a tobtal



LTS AND DISCU‘SS 10N

ariang plastéring auples were taken frow the mortar and three
g were made frgm.eaca_sample. The»%ubes were éured for 28
days and their compressive sirength was deternined. Probably due to
the dizfic»lties encountered with thé mixing,'the‘results,were not very
uniforr, bult varied fron 40O ké/ca to 600 L g/cL . As the lowest was
considerably kigher than‘the conpressive stress expected at failure,

the mortar was cons i:ﬁred strong exough.

During the load test, the deflexion had, as seen in Figure L, a.
linear relation e the bending wmoment up to about 3,700 kg.m, at this
point cracking was heard when new load was applied and several branched
crack patierns could be obsgerved aroung the mid span. _It was evident
frow the steady novement df the ‘dilatometer's arn, that thé yield- point
of the reinforcenent had been reached, and the cracks‘opened fron being
hairline to open cracks. All-éracks were perpendicular to the axis of
the element. -The longitudival e¢racks seen in Figure 5 appearéd only at

failure due to the inpact w1ﬁh the conerete floor.

A moment curve for\the load at around the yield point and at the
point of failure is given in Figure 6.

At the ¢lasgtic limit the nortar has carrlcd a stress of about 1585

-

kg/cm and the steel about 4,400 kv/cm and the deflexion was ghout

ror: the close up of the Iractured element it can be seen that at
al lead the upper part of the ridge has no longer been able

oupressive forces. The mortar has crushed and th
o
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aced here has buckled up.

¢d at wid-span to deternine if failure was due to lacking
This proved not to be the case, as the profile: had opene@
only 0.08 rm at the critical load. It shows that an additional dia-
phragn in the middle will not improve the elewents 1oadbbar1ng capaczbj,
oints along the sides ghould be d991gned to prevent differ-

&

o
entigl déflexions rather than gi iving horlzontal supnort to neighbouring

\te)
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Figure 4. Deflexion in relation te bending moment from live
load. (Dead load adds 500 kg.m to the bending moment. )
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Figure 5. Tensile reinforcement is yielding
and mortar is crushed in the compressive zone.
A @#9 mm bar under compression is seen buckled

up.
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Figure 6. Distribution of bending moment over the span at the

elsstic limit, and at the critical load in kg.m.

Considering two third of the elastic limit as a reasomnable design
stress, and a safety coefficient of 1.0 for dead load and 1.5 fer live load,
we can calculate the span at which this type of rooflng element would
carry 50 kg/m ¢ which is the live load roof structures in Thailand must
be designed for.,

Width of element: '1.20 m

Dead load of element: 90 x 1 o= 90 kg/m
Live load: 50 x 1.2 x 1.5 - 90 kg/m
Allowed bending moment : % z 3,700 = (2,460 kg.m

With énalogy to a simple supported beam we then have :

Span = ‘ §8£%Q§§_§ = 10.50 m

12



At this span however, the deflexion for full load will be about

5.15 en or'l/QQQ of the span. A deflexion of this measure reguires
specinl attention %o joints between‘individual roofing elements, and
1so to jeints with interior EOE;loadbearinv walls. However the de-

R
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zion frowm live load alone will only be 1.85 em or 1/370 of the span.

CONCLUSION

The design chosen proved to be suitable for spans up to about 10un.

;.a .

For spans above 10 m n gsinilar Sha@& element with a depth of about
40~50 en should be chosen.

n .

Both the binding of reinforcenment and plasterihg wéfe more time-
consuning than what is suita ble for an industrial productibn, but as
the strength of tL& elenent was very bkigh, use of more sinple reinforce~
lleviate this problem without inmpairing the .

strength drastically.

Materials bost are abcut 100 baht/mg of whichf70% goes into rein-—
rials. The wire nesh ig the most expensive single component.

It constitutes about 40% of the total materials cost, and is theréfore

a

silities for sunvtqntlwl sav1ngs.
\

gned to othiy the loadbearing characteristics-o$
a‘similar elenent,. but with only 1ong1tud1na1 rods and thr@t layurs of
r

¢ in progress. Sesults will be found in a later report.
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Note: Below the line cutting ithrough the table the moment

distribution is linear.
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APPENDIX I
DISTRIBUTION OF EBEWNDING VGV NT AT VARIDUS LOADS

noad Bending moment in kg.m at x-cm from centre line | Deflexion
at | {from live load only) - in
support’ nm
A= = X= K= X= | X= centre at

(xg) 360 - 250 200 150 100 50 line |centre line
£00 300 555 780 945 1060 1125 11406 9.3.
1203 500 | 1130 1560 1890 2120 2250 2280 22,73
12306 630 1165 1680 - 2145 2490 2685 2730 28.3
1880 600 1200 1806 2500 2860 3120 3180 33%.8
1260 500 1200 1500 2400 2930 3255 .”3330- 37 .2
1350 | 670 . 1350 2010 268 3280 - 3675 3771 $9.5
1526 740 1480 2229 2960 %6350 5095 4212 53.1
1556 1 775 1550 2325 3160 | 3305 4280 4398 fail



Diaphragm; -

Pigure 3. Section, scale 1:5. All measures are in mm.



