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#E | FIC

The International Ferocement Information Center (IFIC) was founded in October 1976 at
the Asian Institute of Technology under the joint sponshirship of Institute's Division of Structural
Engineering and Construction and the Library and Documentation Center. IFIC was established as
a result of the recommendations made in 1972 by the U.S. National Academy of Sciences' Advisory
Committee on Technological Innovation (ACT]I). IFIC receives financial support from the Canadian
International Development Agency (CIDA) and the International Development Research
Center (IDRC) of Canada.

Basically, IFIC serves as a clearing house for information on Ferrocement and related materials.
In cooperation with national societies, universities, libraries, information centers, govemment
agencies, research organizations, engineering and consulting firms all over the world, IFIC attempts
to collect information on all forms of ferrocement applications either published or unpublished. This
information is identified and sorted before it is repackaged and disseminated as widely as possible
through IFIC ‘s publication, reference and reprographic services and technology transfer activities.
All information collected by IFIC are entered into a computerized data base using ISIS system. These
informations are available on request. In addition, IFIC offers referral services.

A quarterly publication, the Journal of Ferrocement, is the main disseminating tool of IFIC,
IFIC has also published the monograph Ferrocement, Do It Yourself Booklets, slide Presentation
Series, State-of-the-Art Reviews, Ferrocement Abstracts, bibliographics and reports. FOCUS, the
information brochure of IFIC, is published in 19 languages as part of IFIC's attempt to reach out to
the rural areas of the developing countries. IFIC is compling a directory of consultants and
ferrocement experts. The first volume, Intcrnational Directory of Ferrocement Organizations and
Experts 1982-1984, is now being updated.

To transfer ferrocement technology to the rural areas of the developing countries, IFIC organizes
training programs, seminars, study-tours, conference and symposia. For these activities, IFIC acts as
an initiator; identifying needs, soliciting funding, identifying experts, and bringing people together.
So far, IFIC has successfully undertaken training programs for Indonesia and Malaysia; a regional
symposium and training course in India; a seminar to introduce ferrocement in Malaysia; another
seminar to introduce ferrocement to Africans; study-tour in Thailand and Indonesia for African
officials; the Second International Symposium on Ferrocement and a short Course on Design and
Construction of Ferrocement Structures, and the Ferrocement Corrosion: An International
Correspondance Symposium. IFIC has successfully established the Ferrocement Information
Network (FIN), the IFIC Reference Centers Network and the IFIC Consultants network. IFIC has
promoted the introduction of ferrocement technology in the engineering and architecture curricula of
144 universities in 51 countries. Currently, IFIC is involved to strengthen the outreach programs of
the nodes of FIN.
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BIDITORIAIL

The International Ferrocement Information Center ( IFIC ) has
always been concerned with people, putting them in touch with each
other, encouraging them to exchange resources and experiences,
providing forum for the exchange and upgrading their knowledge
through training courses, seminars, workshops and symposia. The
International Symposium on Ferrocement, held every three years,
particularly achieves these objectives. During the Fourth International
Symposium on Ferrocement in Cuba last October many new
developments in material properties, applications and techniques of
construction were presented. To instill confidence to many users, we
reprint selected papers in this issue and in subsequent issues of
the Journal of Ferrocement.

The birth of the International Ferrocement Society (IFS) in Havana,
Cubalast 25 October 1991, was specially rewarding for the staff of IFIC
and the members of the Steering Committee under the leadership of
Dr.Ricardo P. Pama. They worked for the formation of the IFS to give
the ferrocement industry an international identity. The IFS will unify
all users of ferrocement and provide opportunities for collaboration
among members. IFS will provide leadership, direction and
organization for research and development on ferrocement.

Users of ferrocement wdrldwide, you are invited to be a member of
IFS. Join IFS, influence the direction of the society, play a vital role
and make a difference.

Congratulations to the awardees during the Fourth International
Symposium on Ferrocement. These pioneering individuals were
recognized for their contribution to research, development and transfer
of ferrocement technology. All IFIC staff are proud of the award for
IFIC, this is a recognition that [FIC have attained its objectives
effectively.

The Editor
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Aspects Concerning the Behavior of Ferrocement
in Flexure*

Train Onet*, C. Magureanu** and V. Vescan**

The ferrocement elements of plate and beam have a good behavior under working load due to the
fact that the width of cracks appears to be very small than in the reinforced concrete. The good
behavior at failure regarding the aspect of ductility and ultimate moment of the elements shows the
capability of using ferrocement efficiently. The present paper presents some specific aspects
concerning the behavior of ferrocement in a short time bending.

INTRODUCTION

The uniform distribution of the reinforcement of arelatively small diameter in the composite ma-
terial, which is ferrocement, offers special performances, a mechanical behavior and distinct potential
applications as compared with the conventional reinforced concrete. Consequently it has been
classified and researched as a special material, for which there have been elaborated a code or design
guide [1].

Such concerns began inRomaniatoo, in 1989, within a program for promoting the use of this ma-
terial in constructions [2].

The results obtained in this program concerning the physical and mechanical properties of the fer-
rocement constitute the subject of an independent paper.

TESTS ON FERROCEMENT PLATES

The experimental members with the dimensions from Fig. 1 have been reinforced with 2,4 and
6 layers of woven hexagonal meshes, uniformly distributed across the thickness, respectively with 3,
4 and 5 layers of welded square meshes. On both types of meshes, in each layer, two superimposed
meshes were placed. The achieved volumetric percentages (p, ) are indicated in Table 1. The
microconcrete grade was Bc 25.

The plates have been equiped for measuring the concrete strains, the deflections and the opening
of the cracks. The plates were tested according to the scheme from Fig. 1 by a steploading of 1/10 from
calculated ultimate load.

The Cracking of the Plates

Table 1 presents the cracking state of the plates reinforced with hexagonal meshes, defined by:

the loading step P/P_ (P_- representing the ultimate load) at the appearance of the cracks (¢, 0.05) re-
spectively, at their medium opening of 0.1 mm (afO. 1), the loading step corresponding to the working

+ Reprinted with changes from the Proceedings of the Fourth Intemational Symposium on Ferrocement (22 - 25 October
1991) Havana, Cuba, by permission of the publisher.
* Professor , ** Assistant Professor, Polytechnic Institute of Cluj - Napoca, Romania.
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load (P, /P, = 1/1.3 = 0.769), the maximum measured crack width (af' max) and calculated one
according to [3] (a; max), corresponding to the working load and the maximum number of cracks.

The following were noticed:

- at reduced reinforcing percentages (p, = 0.212%) the appearance of the cracks coincides with
the failure of the elements while, at high reinforcing percentages (p, = 0.636%) the appearance of the
cracks took place at a loading step, of about 0.525;

-the number of the cracks increases with the volumetric reinforcing percentage;

- the maximum crack width, experimentally measured, increases with the volumetric reinforcing
percentage while, the calculated one decreases;

- the value of the crack width calculated according to [3] is conservative only at reduced
percentages of reinforcements. But itis true that the calculation relation from the mentioned guide has
been concluded for the square meshes.

Concerning the reinforced plates with square meshes, the appearance of the cracks in the
experiments has coincided, in all cases, with the failure of the units. Therefore, such elements were
considered as having unsatisfactory behavior.

Deformation of the Plates

The maximum values of deflections (f ) measured at the appearance of cracks (0,°%) and, at
an opening of 0.1 mm (% ) are presented in Table 1. The evolution of the measured deflections,
at the plate reinforced with hexagonal meshes, is presented in Fig. 2. There may be seen that, although
the flexibility of the elements is obvious, for a loading step corresponding to a &, = 0.1 mm crack
opening the measured deflection does not exceed the 1/200® of the span.

With the help of the deflection values, experimentally measured (# ) there have been calculated
the values of the modulus of rigidity at short term bending using the relation:

and these values are presented in Fig. 3, in accordance with the loading step (M/M ‘) as well as the
volumetric reinforcing percentage, (p, ).

It was noticed that the gradual decrease of the stiffness is simultaneous with the increase of
loading, especially after the cracks appeared.

The tests led to the conclusion that at loading steps below 60% from the failure load the modulus
of rigidites may be evaluated by the relation:

Ks=E\1-2)1, @

without considering the reinforcement.
In the above, relation, E and / , are the modulus of elasticity and the modulus of inertia of the
concrete section respectively and is the plasticity factor, whose value is determined experimentally.

Failure of Plates

The values of the (M,*) ultimate bending moments experimentally measured as well as the
(M ©) calculated according to the American guide [3], are presented in Table 2. Table 2 also presents

the ultimate strain in the compressed concrete ( €,,) and in the extreme extended reinforcement (g, ).
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Table 1
a%% a?! Total
Type ! ! . Pl
of Py ‘fﬁm s, P. 3 nun(:?er
mesh PIP. g P/P, g € f cracks
% -- mm % % mm mm mm
1 2 3 4 5 6 7 8 9 10 11 12
HEXA 1.00 0210 0251 1/738 1
GONAL 1.00 0.200 0.249 1/685 1
0.212 1.00 0205 0263 1/685 0.100 0.127 0.768 1
1.00 0203 0275 1/640 1
*
100 0204 0260 1/685 0.100
100 0975 1330 1/369 0.180 2
095 0895 1317 1/320 0.180 0.080 0768 2
0.424 0.681 0950 1.285 1/480 0.150 3
0.762 0960 1270 1/480 0.260 3
*
0.848 0.945 1300 1/400 0.193
0513 1/564 0.640 2590 5.770 17400 0.150 3
0486 1/505 0.794 2660 5975 1/240 0.200 0.067 0.768 5
0.634 0.545 1/331 0.727 2600 5900 1/140 0.200 4
0.555 1/615 0.611 2615 6.111 1/369 0.350 4
*()5251/486 0693 2.616 5939 1/287 0.225
¥ Mean Values
Table 2
M,
No. Py Mr‘ Mrc ;: £b.l 8‘
% N.mm N.mm % %
1 0212 194.960 107944 1.806 0.200 0.240
2 0.424 250.400 238066.5 1.052 2.700 6.600
0.636 380.800 337205.8 1.129 3.650 15.00
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Fig. 1. Dimension and loading of experimental members.

A 2Px0> (W)

Ideal curves

® - 0.212%
0-0.424 %
D- 0.636 %

fc— Deflection at yielding

P P
\\§~_ f_,’/z
L
L1 | | 1 | | |3 f(mm)
1 2 3 4 5 6 7 8 9 10 12 13
—+ — { —3 /|
1/640 1/85.7 1/40

Fig. 2. Deflection of the plate reinforced with hexagonal meshes.
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Fig. 3. Modulus of rigidity at short term bending.
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There is a good correspondence between the calculated and measured values of the bending
moments. Exceptions are the elements with low reinforcing percentage (p, =0.212%), which, in fact,
have factured without preventing, at the same time with the appearence of the first cracks.

TEST ON FERROCEMENT BEAMS
The tested beams, six in number, had the dimensions of 100 mm x 250 mm x 3200 mm and the
reinforcement of hexagonal meshes, as it is seen in Fig. 4.
The letter F from the symbol of the beam indicates that, in preparing the microconcrete the
FLUBET admixture has been used. The presumed and performed microconcrete grade was Bc 25.
The beams were simply supported and were tested under two concentrated loads applied on the
third of the span. The measuring device used was identical with that of the ferrocement plates.
The stages of behavior noticed while testing the beams coincide with those described by Paul B.K.
and Pama R.P.[4).

Cracking of the Beams

The values of the cracking moments, experimentally established (M) are presented in Table 3
comparatively with the calculated values (M, ) admitting the calculation diagrams in Fig. 5. Asan
experimental value for the cracking moment, the value corresponding toan a,=0.05 mm crack width
has been admitted.

From the data presented in the table it results that at reinforcing percentages, P < 0.746%, the
best correspondence is obtained admitting a trapezoidal diagram of strains in the tensile concrete and

a factor of plasticity A =0.7. Athigher values of the reinforcing percentage, the triangular diagram
leads to the most satisfactory results. The cracking state of the beams, after testing, is presented in Fig.6.

Table 4 gives the maximum and medium values of the crack width (af max, o med) measured
experimentally atdifferent load steps, the maximum number of cracks, the medium crack spacing and

the maximum values (o max) calculated according to the American guide [3], It should be mentioned
that although this relation of calculation was deduced for elements reinforced with square meshes,
while the experimental elements are reinforced with hexagonal meshes, yet it leads to satisfactory
results.

It may be noticed that the cracking took place at reduced load steps (0.34 ... 0.46), that the number
of crackings has rapidly increased with the load step but their width grew slowly as reported from the
researches performed by Jiang E.E. [5].

The cracking process is established around a load step of M/M, = 0.6 further increasing the crack
width,

Deformation of Beams

The evolution of the deflections according to the load step is similar with that from Fig. 2. The
flexibility of the elements is very high, reason for which the American guide {3], recomends to take
into account in design, other criteria than the deformations limitaiton. However, at load steps below
M/M =0.6 the maximum values of the deflections represent 1/366 - 1/255 of the span of the beams.

The modulus of rigidity at short time bending, calculated with the Eq. (1) increases with the
volumetric reinforcing percentage (p ) and decreases with the load step (M/M ). The drastic decrease
of the stiffness after the cracking of the elements, is obvious as shown in Fig. 3.

The numerical tests led to the conclusion that, in the uncracked stage the modulus of rigidity in
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Fig. 4. Cross section of beams.
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Fig. 6. Cracking state of the beamn.
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Table 3

?{ =

C -
pV Mf X 10 6 [} ] : €
c -6 M; c -6 M; c -6 M;
M;x 10 — M;x 10 — M;x 10 —
M;c M, M,
% N mm N mm N mm N mm
0.502 4.100 0.740 5.540 4015 1.021 6.148 0.667
0.746 5. 000 0.820 6.097 3.903 1.281 4.174 1.198
0.995 6.000 0.782 7.672 3.808 1.575 4.795 1.251
Table 4
M Number med c
p, ~ LoadSwep o, . ... of Cracks A; o e
% mm mm mm mm
Mgs
0.340 M 0.05 0.030 5 283.3
Moo
0502 0476 M, 0.10  0.061 14 954 0250
M
0.714 M 020  0.137 2 578
MODS
0452 v, 005 0030 5 2233
M
0.746  0.638 o 0.12 0053 30 4680 (249
Mozo
0.851 > 0.20 0.105 39 465.0
Moos 10 356.0
0.460 M, 0.05 0.020 .
MO.lO 83 1
0.520 M 0.10 0.300 20 : 0.248
0.995 i
M0.17
0.689 v 0.17 0.065 30 51.7
Mozo
0.996 M 0.20 0.088 32 50.9
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short time bending may be estimated with the Eq. (2). After the cracks appeared the modulus of
rigidity at bending may be using the calculus relation estimated from the Romanian code [6] for the
reinforced concrete elements.

Failure of the Beams

The values of the bending moments at failure measured experimentally (M ¢ ) are given in
Table 5 in accordance with the volumetric reinforcing percentage (p, ). In the same table, for
comparison are presented values of bending moments at failure, calculated (M © ):

- after the procedure proposed by Mansur and Paramasivan [7] for elements of ferrocement;

-according to the procedure in the Romanian code of design [6] for reinforced concrete elements,
that supposes a rectangular stress block in compression concrete and a stress in the reinforcements
distributed on the tension zone proportional with the distance to the neutral axis.

It is obvious that the two calculation procedures lead to close results in between and in a
satisfactory concordance with the experimental data.

Table 5
2 Mex 10 My 10 Col 2 Col 2 £
v r (7] (6] Col 3 Col 4 byu

% N mm N mm N mm %

1 2 3 4 5 6 7
0.502 10.50 7.583 7.510 1.384 1.398 4.05
0.746 11.75 10.614 10.55 1.107 1.113 3.95
0.995 14.25 13.437 13.41 1.060 1.063 3.05

CONCLUSIONS
The achieved tests have led to the following conclusions:

a. The ferrocement elements of plate and beam types tested have a good behavior under working load
due to the fact that the width of cracks appears to be very small than in the reinforced concrete.
Consequently, the impermeability, stiffness and durability of the ferrocement elements is much
improved.

b. The good behavior at failure regarding the aspect of ductility and ultimate moment of the elements
shows the capability of using efficiently the ferrocement in the country.
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Deflection Evaluation of Ferrocement Plates in Bending*

A.W. Ballarin* and J.B. de Hanai**

This paper presents some considerations about deflection evaluation of ferrocement plates in
bending, when using large opening welded wire meshes.Flexion tests were made on forty specimens,
with thickness of 15 mm to 35 mm and steel ratio of 100 kg/m’ 10 250 kg/m’® of mortar. Square meshes
(50 mm x 50 mm) and rectangular meshes (25 mm x 50 mm) withwire diameter of 2.5 m (f,ﬁ 600 MPa)
were used.

Experimental plate deflections were compared with several theoretical formulations, mainly
related to conventional reinforced concrete and ferrocement standards.

INTRODUCTION

Industrialized ferrocement applications in Brazil have been accomplished with an extensive use
of large opening welded wire meshes [1,2,3].Due to this, ferrocement general formulations have not
adequately responded to all of the mechanical property prediction needs [3].Therefore, to provide a
more rational basis for design, an extensive series of tests has been made to evaluate ferrocement
mechanical properties when using several mesh types with larger openings than the usual ones.

This paper presents a part of this work, mainly related to large opening welded wire meshes,
discussing the deflection evaluation of ferrocement plates in bending, by means of theoretical and
experimental result comparisons.

EXPERIMENTAL PROGRAM

Ferrocement flexural specimens - here called plates - were 1000 mm long and 210 mm wide.
The plates had a variable thickness, according to the reinforcement arrangement for each series.

Square openings (SOmm x 50 mm) and rectangular openings (25 mm x 50 mm) welded wire mesh
reinforcement were used. The wires were 2.5 mm diameter and the nominal yielding tensile strength
was 600 MPa.

The mortar consisted of ordinary portland cement, conforming to NBR 5732 [4], river sand and
water, with a 0.40 water-cement ratio and a 2.0 sand-cement ratio, by weight.

Forty specimens gathered in five groups with distinct reinforcement arrangement were tested
(Fig. 1). In each group two series - square and rectangular openings reinforcement - were performed
with four specimens in each series (Table 1).

Flexion tests were made in a specially designed testing frame. A two point loading system with
900 mm span was used, and so a 300 mm constant moment zone was obtained (Fig. 2). Plates were
loaded until failure.

Deflection measurement was made with Mitutoyo mechanical gauges with 0.01 mm sensibility
and SO mm range. Deflection higher than 50 mm was evaluated with standard scale.

+ Reprinted from the Proceedings of the Fourth International Symposium in Ferrocement (22-25 October 1991) Havana,
Cuba, by permission of the publisher.
* Assistant Professor and **Associate Professor, University of S. Paulo at S. Carlos, Botucat, S. Carlos, Brazil
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Experimental mortar modulus of elasticity was evaluated in cylindrical samples of 50 mm mm
length using electric strain gages.

Experimental plate deflections were compared with theoretical formulation proposed by strength
of materials theory. In this considerations, several theoretical values of I (moment of inertia) were
used according to the referred test stage (P < P_or P> P_, where P, is the cracking load).

Likewise, several theoretical and experimental values of E (modulus of elasticity) were adopted.

TEST RESULTS AND ANALYSIS

Load-deflection experimental diagrams obtained from tests are showed in Fig. 3. Each diagram
results from four samples on average.

Table 1 Characteristics of the Specimens

. Characteristics Steel

Group Mesh opening Thickness  Series
(mm) @%) A, (mm?) A, (mdf) ratio
Square 15 FIQ15 0.78 0.0249 0.0124 109
I Rectangular FIR15 1.40 0.0336 0.0224 158
La Square 175 FIQI7Z5 120 0.0334 00192 177
Rectangular ’ FIIR17.5 227 0.0545 0.0363 260
Square 95 FIIQ25  0.93 0.0299 0.0149 131
b Rectangular FIR2S 168 0.0404 0.0269 190
Square FIIQ30  0.78 0.0249 0.0124 109
II-¢ Rectangular 30  FIR30 140 0.0336 0.0224 158
Square FIIIQ35 1.20 0.0384 0.0192 177

m Rectangular 30  pmR3s 227 0.0545 0.0363 260
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Fig. 2. Two point loading flexion test.

Theoretical central deflection for two point loading flexion test (Fig. 2) can be calculated by:

y = 23 pI3
1296 EI
where,
P = acting load;
! = plate span;
E = modulus of elasticity;
I = moment of inertia.

According to the test stage, theoretical deflections may be calculated with:
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Fig. 3. Load-deflection experimental diagrams.
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I'=1,=moment of inertia referred to non-cracked section, when P < P,
I'=I,=moment of inertia of cracked section, when P > P,
I =1, = moment of inertia of cracked section, when P 3 P,

Furthermore, when P > P, , Branson's [5,6] equation can be utilized in order to take into account
the variable rigidity of the plates :

M = acting moment;
M_ = cracking moment.

Brazilian Ferrocement Codes [7] have suggested the theoretical formulation of equation (2) for
deflection evaluation.

The modulus of elasticity to be adopted in Eq.1 should be selected from five distinct values, as
showed:

E, =E =tangent experimental modulus of elasticity
(obtained from 50 mm x 100 mm cylindrical samples) ;
E, = 0.85 E = secant experimental modulus of elasticity ¢ ;
E, = 6600 . Vf "2 » conforming to Brazilian Concrete Codes [8], wheref , is the design
strength of concrete;
E,=080(6600. v £, )&
E =085 .080 (6600 .V f, ).

Table No. 2 shows experimental/theoretical deflection relationships. Experimental deflection
values were obtained from Fig. 3. Theoretical deflection values were obtained from Eq. 1 with defined
values of moment of inertia (according to test stage) and modulus of elasticity.

From Table 2 one can say that experimental / theoretical relationships with / =1, (Eq. 2) did not
show good results. Studying these data and others not exposed here, it was noted that Eq. 2 gives good
values of moment of inertia only to test stages surrounding the cracking load (P, ¢ P<1.8P ).In
the majority of these tests P, =4.0 P, .

Table 2 shows that E, and E, (tangent modulus of elasticity) when combined to /, in Eq. 1 give
agood deflection prevision in non-cracked test stages (experimental/theoretical relationships of 1.05).

Likewise, it can be seen that good results are achieved when using E, and E; combined to 7, in
cracked test stages (experimental/theoretical relationships of 1.00 and 1.01).

Modulus of elasticity E, - obtained from Brazilian Concrete Codes [8] - in Eq. 1 suggested lower
theoretical deflection values.

(+) The factor 0.85 utilized to obtain secant modulus of elasticity, is an assumption of the Brazilian Ferrocement Codes [7].

(++) The factor 0.80 is a suggestion of Brazilian Ferrocement Codes [7] o obtain ferrocement modulus of elasticity from
concrete modulus of elasticity.
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Table 2 Experimental / Theoretical Deflection Relationships

El EZ EJ E4 ES
Series
Il 12 IJ Il 12 IJ Il 12 IJ Il 12 IJ Il 12 IJ

FIQ15 1.03 1.05 270 0.87 0.89 2.30 1.30 1.33 342 1.04 1.06 2.73 (0.88 0.90 2.32
FIR15 0.87 1.24 1.59 0.74 1.05 1.35 1.07 1.53 196 0.86 122 1.57 0.73 1.04 1.33
FIIQ17.5 0.36 1.17 1.79 0.73 0.99 1.52 125 1.69 2,60 1.00 1.35 2.08 0.85 1.15 1.76
FIIR17.5 091 1.57 1.76 0.77 133 1.50 1.17 2.02 227 094 1.61 1.82 0.80 1.37 1.54
FIIQ25 1.07 1.10 2.15 091 094 1.03 1.31 136 2.64 1.05 1.00 2.11 0.89 0.92 1.80
FIIR25 1.12 1.04 131 095 0.88 1.11 1.38 1.28 161 1.11 1.03 1.29 094 0.87 1.10
FIIQ30 1.11 1.01 1.79 094 0.86 1.52 1.30 1.10 2.10 1.04 095 1.68 0.88 0.80 143
FIIR30 0.96 095 1.12 0.81 0.81 096 1.12 1.19 141 096 095 1.12 0.81 0.81 095
FIIIQ35 1.59 143 180 1.35 1.22 1.53 1.87 1.69 2.12 149 135 1.69 127 1.14 144
FIIIR35 095 122 130 0.81 1.04 1.11 1.28 164 1.75 1.02 1.31 140 087 1.12 1.99

x 105 1.18 1.73 0.89 1.00 147 131 149 219 1,05 1.19 1.75 0.89 1.01 1.49
0.21 020 046 0.18 0.17 0.39 0.22 040 0.59 0.17 0.21 047 0.15 0.18 0.40

CONCLUSIONS

From this test program, for ferrocement plates with large opening welded wire meshes, the results
are:

a. Theoretical formulation proposed by strength of materials theory can be applied on deflection
evaluation of ferrocement plates in bending;

b. In deflection theoretical formulation, plate rigidity can be utilized as the product of:
- tangent modulus of elasticity (either experimental or theoretical value) and non-cracked moment
of inertia, for non- cracked behavior stage analysis;
- secant modulus of elasticity (either experimental or theoretical value) and cracked moment of
inertia, for cracked behavior stage analysis;

¢. Ferrocement theoretical modulus of elasticity can be obtained from concrete's theory using a
reduction factor - in this work, the adopted factor was 0.80;

d. Branson's moment of inertia give good results in plate defection analysis only at the stages
surrounding the cracking load.
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Mathematical Mode of Determination of Critical Cracking
Force at Tension Zone of Ferrocement

R. Walkus* and R. Gackowski*

Generally, it has been established that during setting and hardening time of concrete the
microcracks in the reinforced concrete-matrix composites have been formed, as a result of contact
stresses on the contact surfaces "binder-aggregate” and as shrinkage effect and technological
treatment. Cracks of this type are known in the literature as "structural microcracks”. Exposing
specimen of ferrocement to the action of axial tension it has been established that the structural
microcracks have their direction being perpendicular to the tensile force and broadening themselves
with the increase of the applied load.

EFFECT OF AXIAL TENSION ON FERROCEMENT BEHAVIOR

In the sixties of the20th century the problem of deformability of reinforced concrete has emerged
as a result of many experimental tests. Some of the researchers that have been dealing with this
problem have different opinions in the matter of ferrocement extension at the moment of cracking.

Ciakreli G.D. [2] maintained that at the moment of cracking the cracks of the order £ = 0.7 + 1.2%
exist; Lysenko E.F. [3] assumed that the first crack appears with the longitudinal strain of the order

£=0.1 + 0.2 % saying that the size of the cracks does not differ from the cracks in concrete.

Atacertainstage of ferrocement specimen operation the cracks called "operational microcracks”,
[5] are developed.

InFig. 1 the ideographic process of ferrocement tension, reinforced concrete and concrete [4] are
shown, and also shown is the successive growing and development of the formed "operational
microcracks”. One may observe that the prolonged phase of the microcracks in which the cooperation
of microreinforcement with the matrix is noted, constitutes the specific feature of the ferrocement.
Stresses and deformation of material in this phase are dependent upon microcracks development.

Behavior of ferrocement being axially stretched has been shown in Fig. 2[4].

ANALYSIS OF CRACKING AS A FUNCTION OF LOAD

Ferrocement specimens of the strip type have been analysed with axial tension. Distribution of
the internal forces and stresses existing in every node of the net have been shown in Figs. 3 and 4[1].
The aim of this work is to determine the critical tensile force which is causing the first microcrack. The
authors have assumed that at the point of contact "matrix microreinforcement” the adherence stresses,
7, have been formed as a result of axial tensile of the ferrocement specimen. This results in a kind
of cooperation between microreinforcement and the matrix.

+ Reprinted with changes from the Proceedings of the Fourth International Symposium on Ferrocement (22-25 October 1991),
Havana, Cuba, by permission of the publisher.
*Civil Engineering Department, Technical University of Czestochowa, Poland
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As the tensile force increases, the stresses 7 approaches the critical value. At this value, loss of
bond between the microreinforcement and matrix occurs. The longitudinal wires of the net are then

stretched, resulting in their gradual straightening (Fig.3) in the direction of the tensile force.
Straightening effects the cross-wire of the net on the casing, generating an increase of the compressive
stresses on the contact surface between the cross-reinforcement and the casing. It should be noted that
in the lateral direction, the net wires have been waved more and more and thus the self-tensionning
phenomenon in this direction is taking place. After exceeding the concrete strength on the local com-
pression, cracking of the specimen occurred. Value of the applied external load, at the moment of
crack, may be treated as the critical force, N, . The magnitude of N, depends on the thickness of
casing and concrete strength on compression at the contact points.

The unit elongation of the wire resulting from its complete straightening may be determined
approximately from the geometrical relationship (Fig. 3):

2
e=4/1+1;_:) o 1)

£, =is deflection of the axis of longitudinal net wire,
S, =is the size of the net mesh (assuming the square dimension of net (S, = S, )

where:

To ascertain what is the effect of the angle ¢, contained between longitudinal wire of the net and
direction of the force operation, on the value of N - the adherence analysis of the fiber group to the

matrix has been carried out.

Assuming that P_ is the force, which is causing the separation of the fibers from the matrix (loss
of bond), the nominal bond should be calculated as the quotient between component of the pulling
force P, on the fiber axis, and contact surface of the fiber with the matrix:

P.cos¢
Tn= S, 2)
n,ndl,

under assumption of the uniform force distribution on all fibers (longitudinal wires of the net).
where

d = diameter of the longitudinal wire of net,
[, = the length of the longitudinal wire of net,
n_ = number of wires in the cross-section of the specimen.

Length of the longitudinal wire can be calculated according to the formula:

e 2
,f 1/“(%)& ........ 5
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As the longitudinal wires of the net have the parabolic shape (Fig.5) of the equation:

2
y =4—di" ........ @)
Sx
thus
s, S,
2 P
lw=f /\/1+|:i(4dxzDde=f 4/1+(8_d)x dx
s, S, s, S,
2 2
Substituting
2
> 64.4d
S g— )
Sx

we can obtain

s, s,
7 7 2
= 2, = 1
’w‘f l+€x dx —sﬁ A Tt
s Sx 5
2 2

After some transformations

2
Sx n V16d+S, +2d 6
Gd Ko e (

I, =

Taking into account the length of the net wire /_ , on which the force N. N. cos ¢ is acting in
the wire axis, all the variable have been made dependent upon coordinates along the axis of the wire.
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It was assumed that skeleton of the net is undeformable in the direction being perpendicular to its
axis. Poisson's ratio has been assumed equal to zero (v = 0). Between the matrix and the wire exist
only the action of the tangential forces but after loosing the contact, there is no interaction. Also, linear
{ebeelaﬁon bet:decn 7, on the wire surface and displacement u (x ) of the wire in x-axis direction has

n assumed:

T, (x)=-kux) @)
where k = adherence (bond) parameter.

Loss of the adherence on the contact: wire - matrix is taking place after reaching the critical value
of the wire displacement u (x ) =, .

Taking into account the equilibrium state of the wire section of the length dx (Fig. 6) it has been
obtained

o= ®
F

where F = cross-sectional area of the single wire of skeleton
The equation of equilibrium is as follows:

F.o .cos¢ -F.o,.cos¢ -F (do,[dx)dx -7,.§ .d&x=0  ........ ©)

where § = circumference of the wire equal to 7 d,
d = diameter of the wire
Axial deformation % of the wire is equal to:

duld _ o
dx —E_a ........ 10)
Making use of the Egs. (7) and (9) one can obtain:
u bx
F.Ea.auz)dx+ku(1)8dx =0 (11)
ox E.F
Introducing the parameter @ o= S

differential equation has been obtained:

2
oU x) U x)_
T — =0 (12)

ox @,
Solution of the Eq. (12) is in the form:

u x) =Cl-e(-i) +Cz.e(.i)
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Intergration constants have been derived after using the boundary conditions:
For x =0 o (x) =0,
For x=1/2 ocx)=0

After differentiation of the Eq. (13) one may obtain:

duflc) _ 1 («») (nJ

+—-C
dx (4
o (x ) =(‘)’ll > Eﬂ_du (I) =0,

dx
x =0
[, 1.k
E,[-l—Cl.e +L1ce (m..)]=o. sforx =0
(1)) Wy

4 c1+._ cz_ﬁ > - C1+C2=o"'wo

ol 1 ¢, el
> E,[-l—Cl.e 200, 1 ¢ ¢ \2O ]=0

g g

I (l'a,
@,
C,. l_,ircz.e(ma) > C,=Cye
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=2 (,'H) ........ (14)
E,[l—e @ ]
The equation of displacement is in the form:
EREI"
ulr) Orme % e “J b nh€ (“J ........ a15)

el A

Stress distribution in the skeleton wires, with consideration of the Eq. (10), is the following

i':J e(u‘J ]

ol) =0, .wo[e ® ot o e (16)
1-e (z) 1-e (;0)
Finally, y
wde) = 7 '(‘"’[e (; ;:) ¢ & ] ........ an

+
R I v
1- e (1)) 1- e @,
Eqgs. (16) and (17) allow one to determine the stress distribution in the skeleton and the adherence
stresses. Value of the coefficientk has been determined on the grounds of the experimental tezts. The

critical force, which is causing separation of skeleton and matrix, has been calculated accoridng to the
equation:

_ o -
1+ex 21,,4 / '
Niw =uom ./ / Td'En-d3 ' p( E.d (—uJ
4f-ud 1-exp{2! 45k
"E.d{u]

-
where, .
c,.ay [1+e (“’0)
Uo— x > Uo= Ea [ i]
x =0 o,
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Durability of Polymer-Ferrocement *

Y. Ohama* and A. Shiral**

This paper discusses the durability of polymer-ferrocement in comparison with conventional
ferrocement. The polymer-ferrocement, using a styrene-butadiene rubber latex , are prepared with
various polymer-cement-ratios, and tested for accelerated carbonation, chloride ion penetration and
accelerated corrosion. It is concluded from the test results that the carbonation resistance, chloride
ion penetration resistance and corrosion-inhibiting property of the polymer-ferrocement are re-
markably improved with increase in polymer-cement ratio.

INTRODUCTION

Ferrocement is popularly used in many applications such as boats, marine structures, roofings and
water tanks. For some special applications requiring superior properties, it is not advisable to use the
ferrocement because of its limited durability.

In this paper, polymer-ferrocement using a styrene-butadiene rubber latex were prepared with
various polymer-cement ratios, and tested for accelerated carbonation, chloride ion penetration and
accelerated corrosion. From the test results, the carbonation resistance, chloride ion penetration
resistance and corrosion-inhibiting property of the polymer-ferrocements which are important
requirements for their practical applications are discussed.

MATERIALS

Cement and Fine Aggregate

Ordinary portland cementand river sand with a size of 1.2 mm or finer were used for all the mixes.
Polymer Dispersion

A styrene-butadiene rubber (SBR) latex was used as a polymer dispersion. Its basic properties
are shown in Table 1.

Table 1 Properties of Polymer Dispersion.

Type of polymer  Specific gravity pH Viscosity Toatal solids
dispersion (20°C) (20°C) (20°C, cP) (%)
SBR 1.020 9.7 64 450

* Reprinted with changes from Proceedings of the Fourth International Symposium on Ferrocement (22-25 October 1991),
Havana, Cuba by permission of the publisher.

* Praofessor, Department of Architecture, College of Engineering, Nihon University, Koriyama, Fakushima-ken, 963 Japan.

*“Instructor, Department of Housing and Planning, Faculty of Home Economics, Tokyo Kasei Gakuin University, Machida,
194-02 Japan.
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Reinforcements

The reinforcements used were the combinations of the welded wire fabrics formed from wires of
2.6 mm in diameter and the crimped wire cloths formed from wires of 1.5 mm in diameter, specified
in JIS A 3551 (Welded Steel Wire Fabric) and JIS A 3553 (Crimped Wire Cloth), respectively. The
reinforcements consist of one layer of the welded wire fabrics and two layers of the crimped wire
cloths, and the details of the reinforcements are illustrated in Fig. 1.

TESTING PROCEDURES

Preparation of Specimens

Polymer-modified mortars were prepared with the mix proportions given in Table 2 according to
JIS A 1171 (Method of Making Test Sample of Polymer-Modified Mortar in the Laboratory).
Ferrocement specimens 20 mm x 250 mm x 250 mm were molded, and then subjected to a 2-day-
20° C-80% R .H.-moist, 5-day-20° C-water plus 21-day-20°C -50% R.H.-dry cure.

Acceleratecd Carbonation Test

Specimens were place in a non-pressurizing carbonation test chamber for 7, 14, 21, 28, 56, 91,
182 and 365 days, in which temperature, humidity and CO, gas concentration were controlled to be
30°C, 60% R.H. and 5.0% respectively. After accelerated carbonation, the specimens were split at
the desired immersion periods, and the split cross-sections were sprayed with 1 % phenolphthalein
alcoholic solution. The depth of the rim of each cross- section without color change was measured
by using slide calipers as a carbonation depth as shown in Fig. 2.

Chloride Ion Penetration Test

Specimens were immersed in 2.5 % NaCl Solution at 20° C for 7, 14, 21, 28, 56, 91, 182 and 365
days for chloride ion penetration. After immersion, the specimens were split at the desired immersion
periods, and the split cross-sections were sprayed with 0.1 % sodium fluorescein and (.1 N silver

Crimped
wire cloth

Weided
wire fabric

I Cover . 4.4 mm

- = i Cover . 4.4 mm
Volume percentage of
reinforcement . 2.84 vyol %

Fig. 1. Combination of reinforcements.
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nitrate solutions as prescribed UNI 7928 (Concrete-Determination of the Ion Chloride Penetration).
The depth of the rim of each cross-section changed to white color was measured by using slide calipers
as chloride ion penetration depth as shown in Fig. 2.

Accelerated Corrosion Test

Specimens were tested for accelerated corrosion in two steps including pretreatment and
corrosion test.

Table 2. Mix Proportions of Polymer Modified Mortars

Cement : sand Polymer-cement ratio  Water-cement ratio Flow
( By weight ) (%) (%)
0 59.5 166
1:3 10 38.5 170
20 32.0 167
Pretreatment

For carbonation, the specimens were placed in a sealed vessel, evacuated to 1 mm Hg or less at
ambient temperature for 1 hour, and then exposed to pressurized CO, gas under a pressure of
10kgf/cm? (0.981 MPa) for 72 hours. The carbonated specimens were dried in an oven at 30° C for
168 hours. After drying, the specimens were evacuated to 1 mmHg or less for 1 hour, and then
impregnated with 2.5 % NaCl solution under a pressure of 10 kgf/cm? (0.981 MPa) for 3 hours in the
vessel for chloride ion penetration.

250
625 | 625 J[, 62.5 ’Jll 62.5

B C
20 W[l lLZ//?]
277z

D E F  (Unit: mm)
Carbonation or Uncarbonated or
chloride ion unpenetrated
penetration portion

A,B,C,D,E,F | Measured for carbonation or
chloride ion penetration
depth, and averaged

Fig. 2. Cross-section of specimen after accelerated carbonation or chloride ion penetration test.
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Corrosion Test

After pretreatment, the specimens were subjected to accelerated corrosion of 1,3 and 5 cycles by
the following method: Heating of the specimens wrapped in polyethylene sheets at 80 °C for 24 hours;
Heating of the unwrapped specimens at 30° C for 24 hours Immersion of the unwrapped specimens
in 2.5 % NaCl solution at 20° C for 24 hours. After accelerated corrosion test, the specimens were split
longitudinally, and the embedded reinforcements were removed. The corroded area of the surfaces
of the reinforcements was measured as a percentage of the number of corroded intersection points in
the reinforcements to the number of all intersection points in the reinforcements.

TEST RESULTS AND DISCUSSION

Fig. 3 shows the relation between the exposed period and carbonation depth of the polymer-
ferrocements exposed to air with a CO, gas concentratioin of 5.0% at 30° C and 60 % R H. for 1 year.
The carbonation depth of the polymer-ferrocement increases with additional exposure period.
Particularly, the carbonation depth of the ferrocement with a polymer-cement ratio of 0 % increases
sharply, and attains to 10 mm at an exposure period of 63 days, but that of the polymer-ferrocement
with a polymer-cement ratio of 10% attains to 10 mm at an exposure period of 270 days. In addition,
the carbonation depth of the polymer-ferrocement with a poly-cement ratio of 20 % is about 2.6 mm
at an exposure period of 1 year. This can be explained by an excellent effect of inhibiting CO, gas
diffusion in the polymer-ferrocement because of the filling of pores with the polymer. The carbonation
depth of the polymer-ferrocement is affected to a great extent by factors such as exposure period,
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Fig. 3. Exposure period vs. carbonation depth of polymer-ferrocement exposed to air with CO, gas concentration of 5.0%
at30° Cand 60 % R. H.
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polymer-cement ratio and water-cement ratio. The carbonation depth of the polymer-ferrocement can
generally be expressed as a function of these factors by the following equation:

DCO, =15.1(1-PIC ) (WIC)T'# -4.38

where DCO, is the carbonation depth of the polymer-ferrocements,T is the exposure period,
PIC is the polymer-cement ratio, and W/C is the water-cement ratio. This relationship empirically
obtained is shown in Fig4. Consequently, the prediction of the carbonation depth
polymer- ferrocements is found to be possible by applying the above empirical equation.
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Fig. 4. Prediction of carbonation depth of polymer-ferrocement.

Fig. 5 illustrates the relation between the immersion period and chloride ion penetration depth of
the polymer-ferrocement immersed in 2.5 % NaCl solution for one year. The chloride ion penetration
depth of the polymer-ferrocement increases with an increase in the immersion period. In particular,
the chloride ion penetration depth of the ferrocement with a polymer-cement ratio of 0 % increases
markedly, and attains to 10 mm at an immersion period of 14 days. On the other hand, the chloride
ion penetration depth of the polymer-ferrocement with polymer-cementratios of 10% and 20% attains
to 10 mm at immersion periods of 36 and 70 days, respectively. However, the corrosion of reinforce-
ments in the polymer-ferrocement is not recognized at an immersion period of one year. It is
considered to intercept the chloride ion penetration into the surfaces of the reinforcements because the
surfaces of the reinforcements are covered with polymer films. The chloride ion penetration depth of
the polymer-ferrocement is affected to a great extent by factors such as the immersion period,
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Fig. 5. Immersion period vs. chloride ion penetration, depth of polymer-ferrocement immersed in 2.5% NaCl solution.
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polymer-cement ratio and water-cement ratio. The chloride ion penetration depth of the polymer-
ferrocement can generally be expressed as a function of these factors by the following equation :

DCI = 183(1-P/CY(W/C)T™ - 20

Where DCI is the chloride ion penetration depth of the polymer-ferrocement and T is the immersion
period. This relationship emperically obtained is shown in Fig. 6. Accordingly, the prediction of the
carbonation depth of the polymer-ferrocement is found to be possible by applying the above emperical
equation.

Fig. 7 indicates the relation between the corrosion rate of reinforcements and the number of
wetting and drying cycles of the polymer-ferrocements subjected to accelerated corrosion. The
surfaces of reinforcement in the ferrocement with a polymer-cement ratio of 0% were already
corroded after pretreatment, and the corrosion rate of the ferrocement increases wih increasing number
of wetting and drying cycles. The surfaces of the reinforcements in the polymer-ferrocement with a
polymer-cement ratio of 10% are first corroded at a number of wetting and drying cycles of 3. The
surfaces of the reinforcements in the polymer-ferrocement with a polymer-cement ratio of 20% are
not corroded at a number of wetting and drying cycles of 5, and polymer-ferrocement has an excellent
corrosion-inhibiting property.
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Fig. 7. Corrosion rate of reinforcement vs. number of wetting and drying cycles of polymer-ferrocement subjected to
acclerated corrosion.
CONCLUSIONS

The conclusions obtained from the test results can be summarized as follows:

1. The carbonation and chloride ion penetration depths of polymer ferrocement decrease markedly
with an increase in polymer- cement ratio regardless of exposure and immersion periods.
2. The carbonation and chloride ion penetration depths of polymer- ferrocements are strongly affected
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by polymer-cement ratio and water-cement ratio. The carbonation and chloride io penetrtion
depths of the polymer-ferrocements can generally be expressed as a function of these factors by the
following equation:
D =a (1-PICY(WIC)T™* -b

where D (mm) is the carbonation or chloride ion penetration depth of the polymer-ferrocements,
and T (weeks) is exposure or immersion period, and g and b are empirical constants.

3. The corrosion-inhibiting property of polymer-ferrocement is remarkably improved with an
increase in polymer-cement ratio.
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Ferrocement Prefabricated Housing: The Next Generation*

A.E. Naaman* and H. Hammoud**

Ferrocement is a construction material ideally suitable for high levels of prefabrication.
However, in order for ferrocement prefabricated products to successfully penetrate the housing
sector, it should be demonstrated that high quality housing can be produced with ferrocement, in as
aneffective way as for low cost housing. This paper describes part of an ongoing investigation which
attempts to address this concern. In a first study, published earlier, advanced manufacturing
techniques were considered for the production of ferrocement housing units; this led to the develop-
ment of a ferrocement housing system using standardized prefabricated U and box-shaped panels for
the walls, floors, and roof of a typical house. It was assumed, in all cases, that joining of the panels
can be properly achieved with bolied type connections. After a brief review of existing ferrocement
housing systems (which address primarily the low-cost housing sector), this paper provides a brief
summary of the progress achieved so far on the study of bolted connections. Two types of connection
are identified, a shear-type and amoment-type connection. Test arrangement and test set-up designed
to identify various failure modes are described. Typical load-deformation response curves are
presented. Itis hoped that experimental results will provide the basis for calibrating analytical models
of the connections. Such models can be implemented in a computer program in order to investigate
a large number of parameters, and eventually develop optimum connection configurations.

INTRODUCTION

Ferrocement has been successfully used in marine applications, with a wide range of material
characteristics, qualities, and finishes. However, there is a common perception that terrestrial
applications such as in housing, are generally low cost, thus of a lower quality. One of the main
advantages of ferrocement is that it can be constructed with a very wide range of qualities, properties,
and cost, according to customers demand and budget. While most ferrocement housing applications
have been so far directed toward low cost housing solutions, this does not imply that good quality
housing products cannot be achieved with ferrocement. In fact some of the first applications of
ferrocement used by Nervi were to replace intricate ceiling decorations usually made with gypsum
lath. Indeed ferrocement can, should, and eventually will address the high quality housing sector. It
is a construction material that lends itself to easy manufacturing and transportation. What is needed
aboveall is: 1) to change the perception of architects, engineers, building authorities, and users about
ferrocement, and  2) to bring the level of technology in ferrocement construction to the level of
progress achieved in other industries such as the manufacturing, automobile and acrospace industries.

Today, an extraordinary confluence of new technologies and a large market for housing products
worldwide can bring a revolution in the way ferrocement is used. Advanced technologies can help

+ Reprinted from the Proceedings of the Fourth International Symposium on Ferrocement (22-25 October 1991), Havana,
Cuba, by permission of the publisher.
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expand the applications of ferrocementand greatly improve its subjective acceptance as ahigh quality,
high technology, luxurious, durable and cost competitive construction material.

Ferrocement is ready for new technologies. Most of its properties have been documented, and
guidelines for its analysis and design have been developed [1,10,13]. While ferrocement housing
components can be built using advanced manufacturing techniques, there is need to develop entire
housing packages where the ferrocement structural sub-system is integrated harmoniously as part of
the whole housing system and occupies a well balanced portion of it. Current advances in robotics,
computerized manufacturing, machine vision, expert systems, and the like allow us to project that such
advanced technologies which are already in use in the auto industry can be successfully utilized in the
production of manufactured housing systems where ferrocement is the primary structural material.

OBJECTIVES AND SCOPE

It has been one of the objective of the research on ferrocement at the University of Michigan to
address advanced production technologies for ferrocement, while taking advantage of the character-
istics offered by ferrocement such as strength, lightweight, fire resistance, durability, ease of
transportation and erection, ductility for seismic zones, and adaptability to high levels prefabrication.

In two previous studies by Naaman [9,11], ferrocement was considered and evaluated in
prefabricated housing systems. In Ref. (9), ferrocement panels were considered the primary material
for flooring and roofing, to reduce the total weight of the prefabricated modular box systems
investigated. Ref. [11] describes a feasibility study where advanced manufacturing techniques were
considered for the production of single family housing units using prefabricated ferrocement panels.
One of the constraints considered was, that the housing system so produced, should be of equal if not
better quality than standard single family housing units currently found on the U.S. market. The study
suggested that most common housing requirements could be satisfied from a pool of about fifteen
standard panel configurations. Although the ferrocement sub-system can occupy a wide range of
structural and protective functions within the housing unit, it was shown that the same group of panels
could be used for the skin (outside bearing wall), the floors, and the roof of the house. In all cases the
connections between the various elements were assumed satisfied by bolting. The main features of
the system are schematically described in Figs. 1 to 3.

The above study [11] showed that the ferrocement system developed is a technically feasible
system suitable for a highly industrialized production facility at a competitive cost. It also indicated
that the most pressing problem is that of the connections between the various ferrocement elements.
The properties of the connections between ferrocement elements is the least documented in the
technical literature and should receive high priority in future research. Connections, allowing the use
of bolts to join ferrocement elements produced with high precision surfaces, can save substantial time
and money, if proven structurally acceptable.

After a brief review of various ferrocement housing systems of interest as a background to the
current investigation, a progress report on the status of the study of connections is given.

REVIEW - BACKGROUND ON FERROCEMENT HOUSING SYSTEMS

Numerous conceptual and developmental studies have been undertaken on prefabricated housing
systems made from ferrocement [3-7,9,11,15-24]. Such systems can be as simple as a wall panel
proposed for use in many non-specialized situations [7,22,23], or, as complete as the entire structural
system of a house (walls, roof, floors, and foundation) [5,15,16,19,23]. However, to the best of the



Journal of Ferrocement: Vol. 22, No. 1, January 1992 37

author's knowledge, some systems were only conceptual and never used in practice, while others led
to one or a small number of prototype units. In some systems, the term ferrocementis used generically
and may imply thin reinforced concrete members. In other words, the reinforcing parameters do not
satisfy the minimum recommendations of the ACI Guide on Ferrocement [1] and other guidelines
[10,13], such as particularly for the minimum amount of reinforcement and its specific surface.

Following is a brief description of five ferrocement housing systems which are relevant to the
present study. They are reviewed by chronological order.

In 1979, Castro [3] reported on the use of prefabricated ferrocement panels to build as many as
350 1ow cost housing units in Mexico. The panels were reinforced with two to three layers of chicken
wire mesh sandwiching a grid of 6 mm reinforcing bars, placed 250 mm center to center. The panels
were joined using nutsand bolts. The joints were observed to behave properly evenin the seismic areas
of Mexico. No further report on the long term behavior of these units is available.
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Fig. 1. Typical panels for prefabricated ferrocement housing units.
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In 1981, Tatsa et al. [20] described a composite building system where ferrocement panels were
joined together with cast-in-place concrete. The system consists of three basic precast ferrocement
elements: 1) a horizontally spanning unit for one-way bending, 2) a two-way bending unit, and 3) a
vertical shear panel unit. The beams and columns are cast in place. Continuity is assured by reinforced
concrete poured in place between the ferrocement elements. The primary feature of the panels is that
they incorporate a styrofoam insulation which is used as a permanent form. A system based on bolted
connections instead of poured ones, was also developed later using the same concept. However, little
can be found to date about the application of the system to real housing units.

Gokhale (1983) described the Castone housing system [S] developed in India. The system consists
of wall panels attached to a floor slab. The panels are 3 ft x 9 ft (0.91m x 2.73 m) with a thickness of
1.25 in. (32 mm). The first floor slab (or ceiling of the ground floor) is a lattice girder hollow block

Fig. 2. Panel assembly in a typical house cross-section.



Journal of Ferrocement: Vol. 22, No. 1, January 1992 : 39

type, capable of anchoring to the top of the wall panels. The panels have ribs around their periphery
with preformed holes to accept bolts. According to Gokhale, the system was used in several one or two-
story houses in the Bombay area, however, we do not have any further information about the behavior
of these ferrocement units during service and in the long term.

In 1985, at the Second International Symposium on Ferrocement, the F. Davis system was
presented [21]. The system consists of prefabricated ferrocement U and box-shaped panels and
number of other shapes that could be used for windows, water channels, and the like. For the outside
walls, the ribs of the panels were positioned toward the outside. A couple of rooms (demonstration
units) were built for a housing fair in France to illustrate the strength, appearance, and feasibility of
the system. Very high quality panels were used. It is not known if the system was ever used in any
small or large scale project.

Sandowicz (1985) described four housing systems utilizing three basic types of ferrocement
channel elements; he named themthe ELSA, CEE, ELWO, and Mixed Systems [19]. The ELSA panel
system is used either for partitions or as a permanent formwork for cast in place concrete such as
spandrel beams, colums, and floor bearing elements. The main intent of the ELSA system is to
combine ferrocement with reinforced concrete to result in a monolithic structure. In the CEE system
the whole house is made out of panels connected with screws and especially designed steel comer
elements. There isno cast-in-place concrete and no need for foundations since the wall panels are dug
directly into the ground. The system is recommended for one story houses. In the ELWO system,
ELWO type ferrocement channels are joined with screws and separated by lath. The roof is covered
with roof paper to allow construction of summer houses and bungalows. In the mixed system, the three
previously described systems are used, namely: the framework is made of ELSA channels filled with
concrete, the floor and roof are made of CEE channels, and the external walls are made of ELWO
elements. It is not clear at the time of this writing, if the above systems were ever used in real
applications.
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Fig. 3. Panel assembly for a typical wall and corner.
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In 1988 [16] Rivas described the first ferrocement house built in Cubain 1986. It was constructed
of prefabricated ferrocement panels using hand woven wire meshes. Following the success of this first
effort, Rivas reports that three factories producing ferrocement elements for housing have been set up
in Cuba. Since then, numerous high quality one and two-story houses have been built using
ferrocement panels, roofs, and mezzanines.

No ferrocement prefabricated system has ever been used extensively in applications other than
very low cost housing, such as described by Castro in Mexico [3]. This may explain the reasons why
the users and building authorities are reluctant to allow such ferrocement systems in the production
of higher quality housing units. One of the main goals of the current investigation is to show that high
quality, high levels of prefabrication, and competitive cost can be indeed achieved for ferrocement
housing. The most pressing technical problem is that of the connections and it is being addressed.

CURRENT PROGRESS ON CONNECTIONS AT THE UNIVERISTY OF MICHIGAN

As mentioned earlier, the research at the Univeristy of Michigan has focused on developing a
highly industrialized ferrocement panel system for housing, where connections are achieved by
bolting. The system is described in Ref.[11] and typical details are shown in Figs. 1 to 3. While the
analysis and design of the panels for bending, axial, and shear loadings has been already investigated,
the primary focus, at the time of this writing, is on the connections between the prefabricated panels.
Very little information can be found at present on ferrocement connections [ 14,25]; however, useful
background on the design of joints and connections can be obtained from studies of steel joints [2,8].

In this study, ferrocement connections are classified into two main types, namely, a primarily
"shear-type" connection, and a primarily "moment-type” connection. Of course a connection is
generallly subjected to combined loads, but the above definition attempts to identify the load that is
most critical to the connection. Typical loads transmitted by bolted connections are illustrated in
Fig. 4.

A shear-type connection between two plates joined by a bolt is one where the applied external
loads are parallel to the plane of the plates, and perpendicular to the axis of the connecting bolt. A
typical shear-type connection is shown in Fig. 5. Note that the load is transferred by two mechanisms,
friction and bearing. Understanding and quantifying the contribution of each mechanism is one of the
essential goals of the current experimental investigation. Once friction is overcome under load, the
bearing resistance is engaged. Five different failure modes (Fig.5) can then be observed 1) tensile
failure of the critical net section of the plate, 2) shear failure or tear-out of the plate portion close to
the edge of the plate, 3) crushing of the plate ahead of the hole, 4) cleavage or fracture of the plate
between the hole and the plate edge, and 5) shear fracture of the bolt. This last mode of failure can
always be avoided by using larger diameter and/or stronger bolts.

In the moment-type connection, the connection is subjected to a bending moment (with vector
normal to the axis of the joining bolts) that induces axial forces in the bolts. Such loading occurs
frequently in L-shaped joints where the bolted portion is called joined flange, while the free portion
is called web. Most common failure modes of moment-type connections are: failure of the bolts due
to axial loads, failure of the section of the joined material located in the comer between the flange and
the web, and excessive surface separation between the two connected plates. Here also, the bolt size
and pre-load can be designed in such a way that one of the failure modes can occur first.

An extensive exprimental program is being carried out on the above types of connections.
Parameters include the number of mesh layers in the ferrocement plates, the distance of the bolt to the
edge of the plates, and the type of mesh. Details of the experimental program and results will be given
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in a future publication. Here only typical preliminary results are provided.

The testing arrangement and set-up for a shear-type connection are shown in Fig.6. The
corresponding load deformation curves are shown in Fig.7. It should be noted that the specimens tested
inFig.7 had the following characteristics: standard 1/2 in. (12.5 mm) diameter bolt, 1/2in. (12.5 mm)
thick ferrocement plates, with a distance of 2 in. (50 mm) from the center of the bolt to the edge of the
plate. The reinforcement for Fig.7 top and Fig.7 bottom consisted of eight layers and four layers of
square welded mesh respectively, with a wire spacing of 0.25 in. (6 mm) and a wire diameter of
0.025 in. (0.62 mm). A cleavage type failure (Fig.S) was observed at a maximum load of 2693 Ibs
(1220 kg or 11806 N) and 1318 Ibs (599 kg or 5796 N) for the 8 layer and 4 layer specimens
respectively. Other types of failure have been observed by varying the reinforcement and the end
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Fig. 4. Typical forces transmitted by bolted connections.
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distance. The performance of the specimens have been satisfactory and further tests are being carried.

The test arrangement and set-up for the moment-type connection are shown in Fig.8. Typical
load-deflection curves are shown in Fig.9. Here, the ferrocement plates had the same reinforcement
as described above for the shear-type connection. Failure occurred by failure of the corner between
the plates and was preceded by a small separation between the plates. The corresponding moment was
of the order of 0.449 k-in (5.07 x 10* N-mm) and 0.306 k-in (3.46 x 10* N-mm) for the 8 layer and 4
layer specimens respectively. It seems that in this type of connection, the strength and spacing of the
bolts can always be adjusted so that failure occurs in the plates, i.e. at the comner edge. The test results
indicate that the moment resistance of the edge is smaller than in the ferrocement plate. Further tests
are being carried to quantify this difference and to try strengthening procedures.

The testing program is ongoing, while simultaneously a finite element model is being developed
for the connections. Once the model is calibrated, it may become possible to simulate analytically the
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Fig. 5. Typical shear-type connections and corresponding plate failure modes.
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response of any connection configuration, and thus study the effects of a large number of paramerters.
This will open the way to analyzing the response of an entire house to various externally applied loads.
A computerized evaluation will then allow the identification of optimum housing solutions and
configurations.

CONCLUDING REMARKS

While sufficient information can be found in the technical literature on the properties, analysis,
design, construction, and maintenance of ferrocement structural elements, no building code provisions
or guidelines are available to address the question of ferrocement joints and connections. The
connection problem is paramount to the technical feasibility and eventual success of prefabricated
ferrocement housing. Thus, there is, first, a genuine need to solve the technical aspects related to the
connection problem in ferrocement, and then there is need for developing related design and code
recommendations. This is the main and ultimate goal of the above described investigation,

Architects, engineers, users, and building authorities are reluctant to consider ferrocement

}

l driving pin

r fixed pin

Fig. 6. Test arrangement and test set-up for shear-type connection.
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systems for the large scale production of high quality prefabricated housing units, primarily because
of the lack of prior experience in that sector. On the other hand, unless alarge number of housing units
are built with one system or another, no prior experience can be developed. This is a vicious circle
which must be overcome. What may be needed is a large developer willing to take the responsibility
for the planning, design, building, and maintenance of a large housing project, until satisfactory
performance is proven without any doubt.

Finally, there is the question of prefabrication. How much prefabrication is optimal or necessary
depends on a large number of regional and geographic factors. Available technology and manpower,
site access, the means sought for transportation and erection are all issues that must be weighted in
considering what level of prefabrication is needed for a given project. However, there is real ground
to believe that a high level of prefabricaion can also guarantee a high quality, low cost product thatcan
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be competitive not only in developing countries, but also in highly industrialized countries as well.
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Study of a Two Story Precast Ferrocement Model Building*

N.M. Bhandarl*, D.N. Trikha** and V. Syam Prakash***

Ferrocement is an ideal material for precast industrialized construction of low cost houses due
toits high strength per unit weight . In some of the countries like Cuba [ 1], multi-story buildings using
precast ferrocement elements have already been built successfully. However, ferrocement element
being comparativelyvery thin, jointing needs special attention. Further, there is no reported scientific
study on the behavior of ferrocement buildings as assembled from precast elements to ascertain their
load carrying capacity particularly with respect to serviceability requirements.

This paper presents the results of an experimental study [2] of a two story precast ferrocement
building under simulated vertical and lateral loads. The model building of size 1 Smx 15 min plan
and 3.0 m high was assembled from precast elements in a two story construction. Similar ribbed
elements have been used both as walling and floor/roofing elements. The vertical load was applied
using concrete blocks on thefirst floor and through hydraulic jacks, keeping the ratio between the two
loads constant through each load increment. The paper presents the deformations and the behavior
of the building and discusses the efficacy of the bolted connections.

INTRODUCTION

In the past two to three decades, ferrocement has been successfully used in a variety of
applications [3] such as for buildings, marine, agriculture, water supply etc.. Several different walling
and roofing elements for use in housing [4-6] have been proposed and their behavior adequately
reported. To exploit the full potential of this material, successful attempts have been made in Cuba and
some other countries to undertake industrialized multistory low cost housing construction using
precast ferrocement elements. In the absence of any reported scientific study on the behavior of either
joints or the complete assembled ferrocement building, the guide lines available for similar construc-
tion in concrete are generally followed. However, in view of the fact that ferrocement elements are
comparatively very thin, the applicability of such guidelines needs to be examined by investigating
comprehensively the behavior of a total ferrocement building assembled from precast elements with
different types of connections to ascertain their load carrying capacity with respect to both the strength
and the serviceability. Such a study would help in the development of a rational basis for the analysis
and design of precast ferrocement buildings.

With the ever increasing cost of the building materials, and the availability of relatively cheap low
skilled manual labor in the developing countries like India, the stage is well set to exploit the
industrialized construction using precast ferrocement elements in a big way to meet out the huge
requirement of low cost housing. In a cost comparison study [2] at Roorkee it was found that for the
construction of a three story hostel building, the solution with the precast ferrocement construction
providesarelative economy of 20% and 40% over the traditional load bearing construction in masonry
and the reinforced concrete framed building with masonry infill respectively.

+ Reprinted with changes from the Proceedings of the Fourth International Symposium on Ferrocement (22-25 October 1991),
Havana, Cuba, by permission of the publisher.
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Inview of the above needs to exploit ferrocement and the existing gaps in the scientific data about
its behavior, an experimental research program has been undertaken to investigate the behavior of
different types of connections including that of the assembled two story precast ferrocement model
building. This paper presents the experimental load deflection results for the model building and its
comparison with the theoretically predicted deflections using finite element method.

MODEL BUILDING MODULES

Keeping in view the basic requirecments of prefabrication with regards to mass manufacture of
the component elements for economy, multipurpose double T units have been devised both as walling
and roofing/flooring units in the construction of the model building. The building, 1.5m x 1.5 m in
plan, and two story high of 1.5 meach, (Fig.1) hasbeen assembled using 18 precast double 'T" elements.
The floor and roof slab had a 100 mm projection outside the walling units to facilitate the bolted
connections. Even though the basic element ‘Type' is only one i.e. double T shaped, three different
forms of the elements were cast differing marginally with respect to the dimensions and with one or
both ends finished to permit the cast-in-situ connection. The complete details of the two walling
elements WE-I and WE-II and the floor/roof element FE are shown in Figs. 2 and 3 respectively. The
wall element WE-I was cast 1500 mm long and 600 mm wide with 120 mm wire mesh and 75 mm
skeletal bar projecting at both ends along the width, The wall element WE-II is similar to the wall
element WE-I, the only difference is that its width is 675 mm and the wire mesh and the skeletal steel
project at one end only. Both these elements are 25 mm thick and have four 15 mm diameter bolt holes
at the shown locations. The floor/roof element FE, was cast 1700 mm long and 775 m wide with
120 mm wire mesh and 75 mm skeletal steel bar projecting at one end as shown in Fig.3(a). The ribs
were cast 210 mm short along the length. The thickness of the element as well as that of the rib is
25 mm. The positions of eight bolt holes of 15 mm diameter for the connections are shown in the
Fig.3(b).

On the basis of the study of different types of joints [7], a judicious combination of cast insitu
connection with mesh overlap for all the vertical joints at floor/roof have been used in the assembly
of the test building. Small pieces of cleat angle of size 75 mm x75 mm x 6 mm and 45 mm long have
been used to facilitate floor/roof to wall connections. The chosen connections have the advantages of
both the speedier errection as well as the required rigidity.

MATERIAL PROPERTIES

Cement and mortar of 1:2 proportion by weight and a water cement ratio of 0.45 has been used
in casting of the elements. The structural properties of the mortar used is given in Table 1.

Table 1 Structural Properties of the Mortar

28 days compressive strength = 229 MPa
Tensile strength = 2.6 MPa
Modulus of elasticity = 50.0 GPa

A square woven galvanized wire mesh of 22 G (wire diameter 0.71 mm and spacing 6.3 mm) and
6 mm diameter mild steel have been used for skeletal reinforcement. The yield stress, the ultimate
stress and the Young's modulus of the two reinforcing materials are given in Table 2. Commercially
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available 12 mm diameter black bolt have been used for the bolted connections.

Table 2 Structural Properties of Reinforcing Material

Wire mesh Skeletal Steel
Yield stress (Mpa) 321.6 305.0
Ultimate strength (Mpa) 438.6 417.0
Modulus of elasticity (Gpa) 200.0 208.0

CASTING OF ELEMENTS

The reinforcement has been provided by considering the inplane bending of the wall elements
under wind load and transverse bending of the roof elements under the vertical superimposed loads.
All the elements have five skeletal steel bars in the flange and one in each rib, as shown. In the
transverse direction, 6 mm diameter bars have been provided at 300 mm center to center. Two layers
of 22 G square woven wire mesh have been provided in the flanges on the tension face in between the
ribs whereas overhanging flange portions have one layer of the mesh on each face (Figs.2 and 3).
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For casting wall/floor elements, the reinforcement cage was first prepared and then the elements
cast over a level floor using a rectangular wooden mold 25 mm thick. The mortar was next poured into
the mold, compacted by a surface vibrator after which mortar was plastered on the rib reinforcement.
The specimens were than finished to the required dimensions. Provisions were made to leave bolt holes
at the desired positions.

The complete casting of one element required 1/2 man day of a mason, 1/6 man day of the cage
maker and one man day of an unskilled helper.

ASSEMBLY OF MODEL BUILDING

The building has been erected on a 1500 mm x 1500 mm mild steel angle frame security fixed to
the bottom girder of the loading frame. The vertical legs of this angle iron frame had 14 holes of
15 mm diameter matching with the corresponding holes in the walling units.

The complete erection of the building was done manually. First of all, the seven walling elements
of the first story were placed one by one in an erect vertical position, with the bottom ends firmly bolted
to the base frame using 75 mm long and 12 mm diameter bolts and supported temporarily in the lateral
direction from outside. The projecting wire mesh of the adjacent elements were overlapped by about
80 mm and tied firmly at few locations by using tying wires. Next the two first floor elements were
placed in proper position over the already erected wall elements. The projecting wire mesh of the floor
elements were lapped by 80 mm and tied well. The wall elements and the first floor elements were
bolted by using two 75 mm long,12 mm diameter bolts and a 45 mm wide piece of mild steel angle
section of 75 mm x 75 mm x 6 mm drilled with two holes of 15 mm diameter on both of its legs. The
mild steel angles were placed between the floor and the wall panels on the external face of the building
with bolt holes properly aligned. The joints between adjacent walling units and the two flooring units
has been done cast-in-situ; where in the projecting wire mesh from the units were overlapped and
plastered.

The second story was erected following the above procedure after the cast-in-situ joints in the first
story had been cured for 7 days. The assembled structure is shown in Fig.1.

LOADING ARRANGEMENT

To simulate the actual loading the roof and the floor of the building were loaded with uniformly
distributed vertical load. Over the roof, a 16 point loading was accomplished by using ahydraulic jack,
50kN proving ring and a suitable arrangement of distribution girders. Since such an arrangement was
not feasible for floor slab, it was decided to load it by using concrete cubes of 200 mm size having an
average weight of 190N each.

The lateral load was applied as line load across the full width of the roof and the floor slabs through
two wooden logs of size 1700 mm x 100 mm x 100 mm placed against the edge of the slabs on the same
side of the building. Two horizontal hydraulic jacks were used to apply horizontal loads by reacting
against a prestressed masonry retaining wall of sufficient rigidity. The entire test set up is shown in
Fig4.

TESTING PROCEDURE AND INSTRUMENTATION
For measuring the deflections eighteen dial gages were arranged on front face, i.e. the face

opposite to the laterally loaded face of the building. The dial gages were arranged at mid height of the
third-fourth story height and floor/roof level in each story as shown in Fig.5.
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The building was tested under monotonically increasing vertical and lateral loads, keeping a
constant of 4:1.5 proportion between the two loads in each step throughout. Since the lateral load at
the first floor level was twice that at the roof level, this ratio was 2:1 between the vertical load and the
lateral load on the first floor. These ratios have been fixed by actual floor/roof and wind load
calculations for the model building.

In each load step, the loading procedure was as follows: First, the floor was loaded to 2000 N by
placing concrete cubes; next the roof was loaded to 2000 N by operating the jack and finally the lateral
loads were applied simultaneously at the roof and floor levels of 500 N and 1000 N value respectively.
The whole system was watched for a while to see that the readings were fairly stable and then the dial
gauge readings were noted. The same procedure was repeated for the second and subsequent load
steps. The loading was stopped at the stage when further loading by cubes at the floor level due to the
story height limitation was not possible. At that stage, the total load acting on the building was 44 kN
vertical and 16.5 kN horizontal. These loads are greater than 2.5 times the normal design working
loads.

TEST RESULTS

Figs. 5 and 6 show the variation of the lateral deflection of the horizontral grid lines on the front
face of the building and Fig.7 shows the variation of lateral deflection along the vertical grid lines
marked on the front face of the building at different lateral loads.

Fig.5 shows the plot of the lateral deflections of the horizontal grid lines 1-1, 2-2 and 3-3 at
different lateral loads. It is clear that the points lying on the vertical edge CF have about 40% to 60%
more deflection than the corresponding points on the edge AD, obviously due to the presence of the
door opening on the resisting shear wall placed at the comer C. Further, the grid lines remain almost
straight up to the full test load there by indicating that there is no transverse bending of the wall
elements. The building has however, rotated in plan about its centre of rigidity due to torsional loading
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resulting from assymmetric plan. Fig. 6 shows the deformatioins of the grid lines 4-4, 5-5 and 6-6 in
the first story wall. The general trend of the results is similar to that described above for the second
story wall.

Fig. 7 shows the deflections of the vertical edges ASG, BEH and CFI for different total lateral
loads on the building. For lateral load up to 10.5kN, the height versus lateral deflection curve is similar
to that of a typical shear wall structure. There is no appreciable kink in the deflection curves at the first
floor. For lateral load beyond 12 kN, the building exhibits non-linear behavior and the load deflection
curve has sharp deviations at the first floor level and at the center of the top story as seen in Fig.7.

On the basis of the load deflection curves described above, it may be concluded that the building
exhibited alinear behavior up to a lateral load of 10.5kN, which is about one and a half times the normal
design lateral load. Beyond this, the deflections increase rapidly till at a total lateral load 16.5 kN. This
model building withstood aload over two and a half times the service loads without showing any crack
anywhere, including even in the cast-in-situ joints. The ratio of the height to the maximum lateral
deflection for the comer C of the model building is found tobe 1/923 and 1/174 at the service load and
the ultimate test load respectively.

THEORETICAL ANALYSIS

The theoretical analysis of the model building has been carried out using an existing program
'MAPWB" for the membrane analysis of the panel wall buildings. It has been scen in a previous study
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(8] that a simple membrane type analysis using two dimensional elements is more efficient and
economical than the flexural cum membrane type analysis, FCMAB, using four noded flat shell
elements for the analysis of such buildings. The joints are assumed to be pinned along the edges in the
membrane type analysis. The equivalent values of the Young's modulus Ec and the Poisson's ratio
Yc for the ferrocement composite have been determined as 131 kN/mm? and 0.186 respectively and
these have been used in the theoretical analysis.

This discritization of the building is shown in Fig.8, which has 14 elements and of nodes of which
six are restrained. A linear analysis has been performed for one load step and the theoretical results
extrapolated for comparison. The comparison of the theoretical and the test results up to a total lateral
load of 12 kN is shown in Table 3. It is seen that the ratio of the experimental deflections to the
theoretical deflections varied from about 6 in the first load step to about 13 at the lateral load of 12 kN,
when the non-linearity has been first observed. This large difference in the test and the predicted values
of deflections may be attributed to the flexibility of the bolted connections, as seen in an earlier study
[7] of testing of bolted L and T type joints.

It is therefore, concluded that unless the bolted connections, which permit rigid body deflection
of the entire building due to play in the bolt holes, are modelled properly in the discretization, the
discripancies in the predicted values are bound to occur.



58 Journal of Ferrocement: Vol. 22, No. 1, January 1992

Table 3 Comparison of Theoretical and Experimental Deflection

Total Deflection

lateral load

(N) Floor level Roof level

Grid point A-4 E-4 A-1 C-1

Theory Test  Theory Test Theory  Test Theory  Test

0 0 0 0 0 0 0 0 0
1500 0.014 0.080  0.026 0.23 0035 023 0.074 0.45
3000 0.027 0.230 0.051 0.98 0070 0.63 0.148 145
4500 0.041 0470  0.077 1.38 0.105 130 0222 241
6000 0.055 0.730 0.103 1.81 0.140 1.67 0.296 348
7500 0.069 0910 0.128 2.10 0175 207 0.370 4.04
9000 0.083 0970  0.154 2.36 0210 213 0.444 444
10500 0.096 109  0.154 2.36 0245 230 0.518 5.31
12000 0.110 1.630  0.205 3.7 0280 3.32 0.592 1.36

CONCLUSIONS

Based upon the results of the study of a two story precast ferrocement model building, the

following broad conclusions are drawn:

1.

Load carrying capacity of a mulitipurpose double 7" wall and roof/floor elements has been found to
be extremely satisfactory. The building as a whole resisted over two and a half times the normal
design loads.

. No cracks have been noticed anywhere in the building including the cast-in-situ joints inspite of the
elements being very thin and loaded much beyond the design load.

. A judicious combination of the cast-in-situ connection with the mesh overlap for the vertical joints
and flexible bolted connections at floor/roof levels has shown the viability of the assembly and the
monolithic cellular action of the building to resist lateral loads.

. The ratio of the height to the maximum lateral deflection at the normal design load is 932, though
at the maximum test load of over two and a half times the normal design load, the ratio falls
to 174. This confirms that the model building comprising thin ferrocement elements meets the serv-
iceability requirement for the deflections satisfactorily.

. The flexibility of the bolted connection imparts additional lateral deflections to the building and
these increase with the increase in the lateral load.

. Finally the results of the study confirms the feasibility of precast ferrocement construction for low

cost multi-story buildings without any reservations.



Journal of Ferrocement: Vol.22, No. 1, January 1992 59

REFERENCES

1. Rivas, H.W. 1988. The use of ferrocement in Cuba. In Proceedings of the Third International
Symposium on Ferrocement, 461-476. Roorkee: University of Roorkee.

2, Syam Prakash, V. 1990. Precast Ferrocement Elements for Low Cost Housing. M.E. Disser-
tation. University of Roorkee, Roorkee, India.

3. Austriaco, L.R. 1989. Historical development and applications. In Asia-Pacific Training
Course on Ferrocement Construction. Roorkee: University of Roorkee.

4, Prakash, D. 1988. Ferrocement housing applications. In Proceedings of the Third Interna-
tional Symposium on Ferrocement, Xliii - XIvii. Roorkee: University of Roorkee.

5. Trikha, D.N. and Kaushik, S.K. 1991. Advances and trends in ferrocement-1. In Lecture notes
for Ferrocement Training Course, 112-127. Auroville: Auroville Building Center.

6. Sehgal, V.K.;Bhandari, N.M.; and Kaushik, S.K. 1988. Ferrocement box girder elements for
roofs and floors. In Proceedings of the Third International Symposium on Ferrocement,
551 - 560 Rookee : University of Rorkee.

7. Trikha, D.N.; Bhandari, N.M.; and Syam Prakash, V. 1991, Behavior of joints in precast
ferrocement construction. Draft paper for the Fourth Intemational Symposium on Ferroce-
ment, Cuba.

8. Bhandari, N.M. 1982. Strength of Low Rise Brick Masonry Construction. Ph.D. Thesis.
University of Roorkee, Roorkee, India.






Journal of Ferrocement: Vol. 22, No. 1, January 1992 61

What is Ferrocement ?
Postscript to the Havana Symposium on Ferrocement - October 1991

D. Alexander*

The Havana Symposium was an event notable for the strong representation of delegates from
Latin America which reflected a surprisingly diverse application of thin section cementitious
composites in their countries. This term "cementitious composites' is used advisedly as the Sympo-
sium may also mark a watershed at which the boundaries of ferrocement became confused with
reinforced cement mortars. As much of the work presented in the guise of ferrocement was cement
mortar generally defined in sections ancillary to reinforced concrete codes, especially for water
retaining structures.

The San Carlos Group of Brazil amongst others showed an ambivalence towards ferrocement and
sought to redefine it to encompass reinforced cement mortar constructions in which they indubitably
excel [1]. The common practice of this group and elsewhere in Latin America is to employ 75 mm and
150 mm plain weld mesh in 3 mm to 9 mm diameter wire sizes as the main resistive steel augmented
by single and sometimes double layers of woven or weld mesh of intermediate size of crack
attenuation. The motive for this approach lies in the inadequacy of fine mesh to provide suffficient arca
of steel at reasonable cost within the sections. It would take 3 to 5 layers of 21 gauge weld mesh to
provide the same area of steel per 300 mm as could be obtained with a single 7 mm diameter rod.

It was not surprising that some discussion occurred amongst the delegates on the relevance to
ferrocement of some of the applications presented.

It may therefore be timely that the Journal of Ferrocement provide a forum to reassent the
position of ferrocement.

Originally ferrocement was conceived as a cementitious composite containing a high degree of
dispersion of steel reinforcement, typically in the form of layers of fine mesh, which imparted certain
unique performance characteristics to ferrocement.

Among these are:

- that it could be employed in relatively thin structural sections

- That the steel was protected against corrosion even with very thin covers (2mm-4mm)

- That there was fine dispersion of cracking quite unlike the coarse wide spaced cracks
commonly observed in reinforced concrete structures.

In practice, the material durability was established first by Nervi and later in New Zealand often
in severe marine conditions albeit with some failures due to the then incomplete understanding of the
material. The protective mechanism provided by the cement rich low permeability mortars which was
once thought to be peculiar to ferrocement is now commonly recognized across a broad spectrum of
high performance concretes and mortar composites so that this is no longer unigue to ferrocement.

In time rules were devised to guide the practice of ferrocement. These chiefly concerned the
composition of the mortar and the fineness and dispersion of the steel reinforcement in the mortar. The
steel reinforcement was quantified in terms of specific surface and volume fraction generally given
as 2.7 to 7in 2 per in® (0.106 10 0.276 mm?/ mm?*) and 7% 1o 20% by weight of steel in the composite

* Consulting Engineer, Alexander & Associates, P. O. Box 74167 Market road, Auckland, New Zealand
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respectively. Primarily the mortar composition and consistency controls the protection of the steel
against corrosion while the amount and dispersion of steel reinforcement dictates the cracking
regimes, although a secondary interaction occurs between these two effects. The mechanical
properties obtained by these rules have been evaluated by B.K. Paul and R.P. Pama [2] and by the ACI
committee 549 - Guide to Ferrocement Construction.

Reinforced cement mortars do not normally comply with the above definition of ferrocement as
they usually lack the necessary subdivision and fineness of reinforced cement (in specific surface) that
is necessary to ensure closely spaced crack regime typical of ferrocement. In fact the observation of
the crack regime provides a simple way of discriminating between ferrocement and the other varieties
which form the homologous series of reinforced cementatious composites and which include context
could be defined as having crack spacing no greater than say 20 mm. Philosophically it may even be
important to define ferrocement in terms of such an observable manifestation of its internal struction
in the same way that stainless steel is identified by its manifest resistance to corrosion.

The reason why the achievement of fine dispersion of cracking has been traditionally important
for ferrocement is that it permits the use of higher steel stresses within the serviceability range of the
material prior to the formation of a0.05 mm (0.002 in) crack width, as illustrated in the accompanying
figure (Fig. 1) and thereby improves the efficiency of the material

This crack width is commonly considered a threshold below which the cracks do not significantly
impair the protective function of the mortar covering the steel.

Reinforced Concrete
0.25 - / ,
j<—— plain rods
/
E / / Ferrocement
- J | deformed /
3 / mild steel
- ll // mesh
S 615 / !
o - / //
o / /
S ! /
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Fig. 1. Typical crack width response for ferrocement.
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However, even with this efficiency the full potential for the commercialization of ferrocement
has not been achieved and this may be due to its historical perception as a multi-mesh layered
cementatious composite. The present ACI Committee 549 definition of ferrocement is not in fact
restrictive but the textural content of the guide on ferrocement construction continues to emphasize
the fine mesh multi-layer concepts.

It is well recognised that ferrocement in this form has several adverse features:

a. [Itis directionally undifferentiated in order to satisfy distribution criteria and close spacing
within the matrix.

b. The interior mesh layers, also as a consequence of the distribution criteria, are increasingly
under utilized in flexure,because of the lower strain within the section and reduced Iever arms to the
compression face.

c. Fine mesh severely limits the amount of steel area that can be placed in the outer layers to
resist flexure. Also, because the meshes are almost universally costructed of mild steel because of
manufacturing constraints, the crack serviceability limits are rapidly reached upon the onset of yield
in the outer layers of mesh. As a result the flexural strength within the serviceable range of this form
of ferrocement is exceeded by a range of competiitve materials including metal plate, fibreglass etc.,
except where labor costs in fabrication can be discounted.

d. Because of the above factors this form of ferrocement tends to be severely under rein-
forced in flexure and provides little scope or incentive to utilize the very high strength mortars
(100 MPa-200 MP3) now in practice.

Therefore for many applications the continued use of multilayer fine mild steel wire mesh
ferrocement is excessively restrictive in effect and expensive, both in terms of steel meshes and labor
inputs.For example in the author's practice in marine applications a high tensile wire reinforced fibrous
ferrocement [3] was developed to provide ultimate flexural strength comparable and exceeding that
of mild steel plate on a weight for weight basis, to enhance impact resistance, and to fully utilize the
permissable crack serviceability range i.e. a high performance ferrocement. (Tablel and Fig.2). In
this material, which allows coarser and high strength wire (1500 MPa-2000 MPa) to be concentrated
in effective outer layer locations, the dispersed fiber provides the fine subdivision needed to control
cracking [4].

The modulus of elasticity (secant modulus) of the three HT wire panels up to the point of first
visible crack was determined:-

Plain mortar / HT wire -16.87 x 10°* MPa
14.5 mm EE fiber / HT wire -27.08 x 10° MPa
18 mm EE fiber / HT wire -21.22x 10° MPa

Obviously, at the other end of the spectrum for housing construction and for that matter for the
construction of 5000 gallon water tanks in New Zealand, the fine mesh dispersion of ferrocement is
being discarded in favor of heavier rods and meshes more appropriate to reinforced cement mortars.

The question therefore remains are we being too restrictive in our definition of ferrocement - as
the San Carlos Group maintains - and should there be a place for reinforced cement mortars within the
general definition of ferrocement.

Thereisan arglumem that if amortat composite is designed to remain uncracked with a satisfactory
margin of safety the provisions to ensure a closely spaced crack distribution are no longer relevant,

and therefore reinforced cement mortars that would otherwise comply with ferrocement criteria,
except for specific surface, should have a place within the definition of ferrocement.
All panels with HT wire reinforcement failed in compression.
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Table 1 Comparison of Flexural Stresses and Steel Stresses

Flexural Flexural Ultimate  Steel stress Steel stress  Concrete*

stress at first  stress at flexural at first at ultimate compressive
Panel  appearance of  at first strength  visible crack stress  at
moisture lines visible crack ultimate
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
a) Plain mor- }
tar - 392 - - -
b) Fiber rein- R
forcement 8.66 8.66 - - -
14.5 mm EE
(5% wt.)
¢) Fiber rein-
forcement 18 7.80 12.15 12.15 - - -
mm EE(5%
wt.)
d) Plain mor-
tar HT Wire 6.30 16.17 55.65 360 1251 102.1
e) 145 mm
EE Ht Wire 8.75 37.40 62.87 790 1343 102.6
f) 18 mm EE
HT Wire 11.69 32.72 47.53 780 1138 919

* All panels with HT wire reinforcement failed in compression.

Personally I would wish to see more rescarch especially into bond effects (into which dilation
theory should be introduced) and durability and corrrosion resulting from the use of larger diameter
steel reinforcement at wider reinforcement spacings within the uncracked and cracked range of the
mortar before the definition of ferrocement was expanded but I expect that in one important property
of ferrocement, that is in its ability to extend the allowable stress within a specified serviceability
range, reinforced cement mortars fail short in accomplishment. Therefore envelop could impair the
image of ferrocement, and it may be more clearly defined as a lower bound reinforced concrete which
would afford its practitioners the opportunity to develop their own technology.

However, it is a fact that reinforced mortars may continue to be called ferrocement and that the
public will continue to perceive them as being ferrocement.
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Japan

4332 A:TA442 F492
Ramakrishnar, V.; Gollapudi, S.; and Zellers, R. 1988. Performance characteristics and fatigue
strength of polypropylene fiber reinforced concrete. Fiber Reinforced Concrete Properties and
Applications. 159-177. American Concrete Institute.

compression tests/compression strengthicracking (fracturing)ifatigue testsifiber reinforced con-
cretes/flexural strengthiflexural tests/polypropylene fibersistatic tests/strengthiworkability
US.A.

4333 A:TA442 F492
Krenchel, H., and Shah, S. 1988. Restrained shrinkage tests with PP-fiber reinforced concrete. Fiber
Reinforced Concrete Properties and Applications. 141-158. American Concrete Institute.

cracking (fracturing)/crack width and spacing/drying shrinkagelfiber reinforced concretesimortars
(material)/polypropylene fibers shrinkage/tests
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Reinforced Concrete Properties and Applications. 119-139 Amcrican Concrete Institute,
ductility/durabilityifibersiglass fibersimetal fibersipotypropylene fibersireinforcing materialsisoil
4335 A:TA442 F492
Houde, ].; Prezeau, A.; and Roux, R. 1988. Crecp of concrete containing fibers and silica fume, Fiber

Reinforced Concrete Properties and Applications. 101-118, Amcrican Concretc Institute,

creep propertiesifiber reinforced concretesimetal fibersipolypropylene fibersisilica

General

4282 AIFIC
Kasperriewicz, J., and Skarendahl, A. 1990. Toughness estimation in FRC composites, 1-52.

4334 ATA442 492

Craig, R.; Schuring, J.; Costello, W.; and Loong, L. 1988, Fiber reinforced soil-cement. Fiber
Reinforced Concrete properties and Applications. 119-139. American Concrete Institute,

Ductilityldurabilitylfibersiglassipolypropylenelsoil cement

GENERAL

State-of-the-Art Studies

4311 A11TT
Compilation of articles about cost comparison between ferrocement and concrete, Timber and other
materials.

water tanks/hulls (structures)islabsi/costs

4313 A:1182/A:TA442 F492
Craig, R. Flexural behavior and design of reinforced fiber concretc members. Fiber Reinforcmeni
Concrete Properties and Application.  517-563. American Concrete Institute.

beam (supports)icompuier programsiductilitylfiber reinforced concretesiflexural strengthfhigh
sirengthilightweight concretesimetal fibersireinforced concretetreinforcing steelsistructural analy-

sisistructural designiT-beams

Miscellaneous Notes

4306 A:1174
1962. Equipment for prestressed conerete concrete and constructional engineering, Books on Con-
crete, Concrete Publications Lid., London, UK, Vol LV11, No. 3, 133,

hullsistructuresiferrocementtbouts
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International Ferrocement Society (IFS)

The birth of the International Ferrocement Society (IFS) was announced in Havana, Cuba on 25
OCclober 1991 during the 4th Intiemational Symposium on Ferrocement by H.E. Mr, Josc Cancic
Alvarez, Minister of Industry, Materials and Construction of Cuba. Dr. Ricardo P. Pama, Vice-
President for Development of the Asian Institute of Technology, Thailand was elecled foutding
president. His mandatc is to direct the activities of the IFS until the first general election. This election
will be conducted as soon as IFS has 200 members or at the Sth International Symposium on
Ferrocement in 1994 whichever coines first. Dr, Pama is internationally recognized for his work on
ferrocement and was instruzmentad in setting up the International Ferrocement Information Center
{IF1C).

The International Ferrocement Socicty (IFS) was foundced w coordinate and 10 cater 1o the needs
of practitioners, archilects, engincers, and researchers on applicauon, development and rescarch on
ferrocement with headquarilers al the Inteenational Ferrocement Information Cenier at the Asian
Instivnte of Technology, Bangkok, Thailand. [ts ains arc 1o unily experts, users, builders and
manufacturers; to provide a forum for the exchange of ideas, enhunce collaboration and cooperation;
and also 10 promaoie the utilization of ferrocement.

The objectives of the Society shall be 10 promote the appropriate ulilizatton of ferrocement as a
construction matenad; to develop the full potentials of ferrocement specially in the interest of those
whose needs are badly served by present day production methods; and (o scek to unily testing
procedures and design criteria for lerroceiment.

In pursuance of this ubjective, the IFS shall:

e arrange periodic local mecung for discussion on terrocemment and related lopics.
= arrange for conferences, symposia, seatinars and lectures on ferrocement.

e adapt the Journal of Ferrocement as s official publication.

scooperate with other intermational bodies involved with ferrocement,

The Governing council of IFS consists of the loliowing:

Sceretary @ Lilia Rebles-Austniaco (JFIC/AIT, Thailand}

Treasurer : Pichai Nimityongskul (SEC/AIT, Thailand)

Members : Douglas Alexander (New Zealand)

Kribanandan Gurusamy (Botswana)
B. dc Hanai (Brazil}
Boris Mironkov (Russia}
Antome Naaman (U.S.A.)
Paul Nedweil {(U.K.)
Yoshihiko Ghama (fapan)
A, Olvera (Mexico)
Narayana Swuny {U.K.)
D.N. Trikha (india)
Hugo Wainshtok Rivas (Cuba)
Roberto Mauone ([ualy)
The privileges ol an EFS iembuer arc:
* A subscripuion o the Journal of Ferrocement which ofiers up-to-date information about lerroce-
ment.
® An EFS discount card allowing members 1o lake advantage of 204 discount 1o alf IFIC publications
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Thailand
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AUSTRALIA

Prof. Russell Q. Bridge
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The University of Sydney
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Australia

BANGLADESH
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Department of Civil Engineering
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Dhaka 1000

Bangladesh

BRAZIL

Prof. Dante A.O. Martenelli

Rua Campos Salles 1516
13560 Sao Carlos
Brazil

Prof. Khosrow Ghavami
Civil Engineering Department
PUC-Rio, Rua Marques

De Sao Vivnte 225

Brazil

CHINA

Ms. Wei Sun

Department of Civil Enginecring
Southeast University

Si pai Lou 2, Nanjing

China

Prof. Zhao Goufan

Department of Civil Engineering

Dalian University of Technology
Dalian
China

Mr. Zhu Yuankang

14, Wuyi Middle Road Fuzhou
Fujian Province

The People’s Republic of China

COLOMBIA

Mr. Carlos Ossa

Apartado Aereo 52816
Medellin
Colombia

CUBA

Ms. Antonia A. Gonzalez
648 Alturos Habana
Boyens Civdad, Habana
Cuba

Prof. Hugo Wainshtok Rivas
UNAIC, Humboldt No.104 Esq

Infanta, Vedado
Habana , Cuba

Mr. Martine G. Baltasar
Street # 105 e/oy P.
Vepada

Habana

Cuba
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Union National de Arquitectos
Elngenieros de la Construccion
de Cuba

Humboldt No 104, Esq, Infanta
Vedado, Habana

Cuba

DOMINICAN REPUBLIC

Mr. Orlando Franco
Ave. S, Estrella S
P.O. Box 786
Santiago

Dominican Republic

FEDERAL REPUBLIC OF
GERMANY

Mr. Karl Weinhuber
Thai-German Training Centre
P.O. Box 50

Chiangrai

Thailand

GHANA

Prof. M. Ben-george
School of Engineenng

University of Science and
Technology

Kumasi

Ghana

INDIA

Mr. Desai J. Ambalal
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Bombay 400071

India

Mr. Nanjunda H. K. Swamy
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University of Roorkee
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Ferrocement basic reference collection is available in the following IFIC Reference Centers. Each
Center has a resource person who will entertain queries on ferrocement.

ARGENTINA

Universidad Nacional del Sur

Civil Engineering Department (Concrete Area)

Avda. Alem 1253

(8000) Bahia Blanca

Argentina

Resource Person: Prof. Ing. Rodolfo Ernesto
Serralunga

AUSTRALIA

Australia Ferrocement Marine Association
10 Stanley Gve.

Canterbury, 3126

Victoria

Australia

Resource Person: Mr. Kevin Duff

BANGLADESH

Bangladesh Institute of Technology (B.I.T.)
Civil Engineering Department

Khulna

Bangladesh

Resource Person: Mr. A K.M. Akhtaruzzaman

Bangladesh University of Engineering
and Technology (B.U.E.T)

Civil Engineering Department

Dhaka 1000

Bangladesh

Resource Person: Dr. AMM.T. Anwar

BRAZIL

Associacao Brasileira de Cimento Portland
Av. Torres de Oliveira, 76

05347 Sao Paulo/Sp

Brazil

Resource Person: Mr. Adriono Wagner Ballarin

Bionatura Community

Rua Rui Barbosa 11

69980 Cruzeiro Do Sul

(Acre), Brazil

Resource Person: Mr. Jorge Almeida

Pontificia Universidade Catolica do Rio
de Janeirio

Civil Engineering Library

Rua Marcpues de Sao Vicente 225

Gavea 22.453, Rio de Janeiro

Brazil

Resource Person: Prof. K. Ghavami

Universidade Catolica de Pelotas

Laboratory of Material Resistance/
Construction Materials

Rua Felix de Cunha, 412

Caixa Postal 402, Pelotas

RS, Brazil

CHILE

Pontificia Universidade Catolica de Chile
Laboratorio de Resistencia de Materiales
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Departamento de Ingenieria de Construccion
Escuela de Ingenieria

Vicuna Mackenna 4860

Casilla 6177, Santiago

Chile

Resource Person: Dr. Carlos Videla Cifuentes

Universidad Tecnica Federico Santa Maria
Material Technology

Casilla 110-V, Valparaiso

Chile

Resource Person: Professor Pablo Jorquera

CHINA

Dalian Institute of Technology
Structural Laboratory

Dalian, 116024

China

Resource Person: Professor Zhao Guofan

Research Institute of Building Materials
and Concrete

Guanzhuang, Chaoyang District

Beijing

China

Resource Person: Mr. Lu Huitang

Suzhou Concrete and Cement Products
Research Institute

Information Research Department

State Administration of Building Materials
Industry

Suzhou, Jiangsu Province

China

Resource Person: Mr. Xu Ruyuan

COLOMBIA

Universidad del Cauca

Head Of the Structural Department

Civil Engineering School

Popayan, Colombia

Resource Person: Prof. Rodrigo Cajiao V.
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CONGO

Centre de Researches Veterinaires et
Zootechniques

Service dela Documentation et des Publications
B.P. 235

Brazzaville, Congo

Resource Person: Tatys Costodes Raymond

CUBA

Technical Information Center

Empresa de Proyectos de Obras para el
Transporte

E.P.O.T No. 3, Offcios, 172

P.O. Box 60, 10100 La Habana

Cuba

Resource Person: Mr. Fidel Delgado

ECUADOR

Pontificia Universidad Catolica del Ecuador
Facultad de Ingenieria

Apartado 2184

12 de Octubre y Carrion, Quilo

Ecuador

Resource Person: Sr. Valentino Carlderon V.

EL SALVADOR

Universidad de El Salvador

Civil Engineering School

Facultad de Ingenieria y Arquitectura

final 25 Av. Norte

Ciudad Universitaria

San Salvador

El Salvador

Resource Person: Ing. Roberto O. Salazar M.

ETHIOPIA

University of Addis Ababa
Faculty of Technology
Department of Civl Engineering
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P.O. Box 385

Addis Ababa

Ethiopia

Resourse Person: Dr. Zawde Berhane

GHANA

University of Science and Technology
School of Engineering

Kumasi

Ghana

Resource Person: Prof. M. Ben-George

GUATEMALA

Centro de Estudios Mesaomericano sobre
Technologia Apropriada (CEMAT)

Cemat's Documentation Center

P. O. Box 1160

Guatemala 01901, Guatemala

Resource Person: Mr. Edgardo Caceres

Centro de Investigaciones de Ingenieria
Edificio T-5

Faculdad de Ingenieria, USAC

Ciudad Universitaria, Zona 12

Guatemala

Resource Person: Ing. Javier Quinonez

Universidad de San Carlos de Guatemala
Central Library Architecture

Facultad De Arquitectura USAC

Ciudad Universitaria, Zona 12

Guatemala City

Guatemala

Resource Person: Lic. Raquel P. de Recinos

HUNGARY

Central Library of the Technical University
of Budapest

H-111 Budapest

Budafoki Ut. 4

Hungary
Resource Person: Dr. Eng. Imre Lebovits
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INDIA

Auroville Building Centre
Auroshilpham

Auroville 605 104

Tamil Nadu

India

Resource Person: Mr. Gilles Guigan

BAIF

Information Resource Center
Pradecp Chambers
Bhandarkar Institute Road
Pune 411 006

Calicut Regional Egnineering College
P.O. Calicut Regional Engineering College
Calicut 673601, Kevala

India

Resource Person: Dr. K. Subramania Iyer

Malaviya Regional Engineering College
Jaipur 302017, Rajasthan

India

Resource Person: Dr. M. Raisinghani

University of Roorkee

Department of Civil Engineering
Roorkee 247667

India

Resource Person: Dr. S.K. Kaushik

Indian Institute of Technology, Madras
Department Library of Building Technology
Division

Building Science Block

Madras 036

India.

Resource Person: Dr. T.P. Ganesan.

Avas Vikas Sansthan

4-T-21, Jawhar Nagar

Jaipur-302 004

India

Resource Person: Mr. Sh.S.D. Thanvi
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INDONESIA

Hasanuddin University
Heavy Laboratory Building
Faculty of Engineering
J1. Mesjid Raya 55, Ujung Padang
Indonesia
Resource Persons: Ir.J.B. Manga
Ir. M. Amin Hayat

Institut Teknologi Bandung

Center for Research on Technology

Institute for Research

P.O. Box 276

Bandung, Indonesia

Resource Person: Dr. Widiadnyana Merati
Ir. Oemar Handojo

Petra Christian University

Jalan Siwalankerto 121-131

Tromolpos 5304, Surabaya

Indonesia

Resource Person: Mr. Hurijanto Koentjoro

University Lampung

Civil Engineering Department
Kampur Gedung Mcnang

Bandar Lampung

Indonesia

Resource Person: Mr. Ansori Djausal

LAOS

National Centre of Documentation and
Scientific and Technical Information
P.O. Box 2279

Vientiane

Laos, P.D.R.

Resource Person: Ms. Sisavanh Boupa

MALAYSIA

Universiti Pertanian Malaysia

Department of Civil Engineering and
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Environmental Engineering
Faculty of Engineering
Serdang, Selangor
Malaysia

Resource Person: Mr.Megat Mohd. Noor Megat

Johri

Universiti Pertanian Malaysia
Pusat Pengajian Sains Gunaan
Kampus Bintulu

Peti Surat 396

97008 Bintulu, Sarawak
Malaysia

Resource Person: Mr.[smail Adnan B. A. Malek

Universiti Sains Malaysia

School of Housing, Building and Planning
11800 USM, Minden, Penang

Malaysia '

Resource Person : Ir. Mahyuddin Ramli

Universiti Teknologi Malaysia

Faculty of Enginccering

Karung Berkunci 791

80990 Johor Bahru, Johor

Malaysia

Resource Person: Dr. Mohd. Warid Hussin

MEXICO

Instituto Mexicano del Cemento y del
Concreto, A.C.

Insurgentcs Sur 1846

C.P. 01030, Col. florida

Deleg, Alvaro Obregon

Mecxico, D.F.

Resource Person: Ing. Ernesto Lira

Universidad Autonoma de Nuevo Leon
Civil Enginecring Institute

Civil Engincering Faculty

Apdo, Postal 17

San Nicolas de los Garza

Nucvo Lcon
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Mexico
Resource Person: Professor Dr. Raymundo
Rivera Villareal

MOROCCO

Centre National de Documentation
BP 826 Charii Maa Al Ainain
Haut-Agdal, Rabat

Morocco

Resource Person: Miss Karima Frej

NEPAL

Royal Nepal Academy of Science and
Technology

P.O. Box 3323

New Baneswor, Kathmandu

Nepal

Resource Person : Mr. Anil Adhikari

Ministry of Housing and Physical Planning
S.P.O. Babar Mahal

Kathamndu

Nepal.

Resource Person: Mr. Lakhraj Upadhay

NIGERIA

University of Ibadan
Department of Civil Engineering
Ibadan

Nigeria

Resource Person: Dr.G.A. Acade

University of Ilorin

Department of Civil Engineering
P.M.B. 1518, Ilorin

Nigeria

Resource Person: Dr. O.A. Adetifa

PAKISTAN

NED University of Engineering and
Technology

University Road

Karachi - 75270
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Pakistan
Resource Person: Dr.Sahibzada Farooq Ahmed

University of Engineering and Technology
Faculty of Civil Engineering

Lahore 31

Pakistan

Resource Person: Professor Ziauddin Main

PAPUA NEW GUINEA

Village Industry Research and Training
Unit (VIRTU)

Box 14, Kieta

North Solomons Province

Papua New Guinea

Resource Person: Mr. Gitti Bentz

PERU

Pontificia Universidad Catolica del Peru
Laboratorio de Resistencia de Materials
Dpto. de Ingenieria

Apartado 12534, Lima 21

Peru

Resource Person: Ing. Juan Harman Infantes

PHILIPPINES

Capiz Development Foundation
Indorporated

P.O. Box 57, Roxas City

Capiz, Philippines

Resource Person: Engr.Lorna Bernales

Central Philippine University

College of Engineering

Jaro, lloilo City 5000

Philippines
ResourcePerson:Engr.PrudenciolL.Magallanes

Mindanao State University
Regional Adaptive Technology Centcr
Marawi City
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Philippines
Resource Person: Dr. Cosain Derico

MSU-Iligan Institute of Technology
College of Engineering

Department of Civil Enginecring

9200 Iligan City

Philippines

Resource Person: Prof. Daniel S. Mostrales

Philippine Council for Industry & Energy
Research & Development (PCIERD)

Rm. 306, 3rd Floor

Science Community Complex

Gen. Santos Avenue

Bicutan, Taguig, Metro Manila

Philippines

Resource Person: Dr. Estrella IF. Alabastro

Tulungan sa Tubigan Foundation

2nd Floor, Dona Maria Building

1238 EDSA, Quczon City

Philippines

Resource Person: Ms. Mediatrix P. Valera

University of Nueva Caceres

College of Engineering

Naga City, Philippines

Resource Person: Engr. Andrie P. Fruel

University of the Philippines

Building Research service

National Engineering Center Bldg.
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SO TRACTS

FP 174 ASPECTS CONCERNING THE BEHAVIOR OF FERROCEMENT IN FLEXURE

KEY WORDS: beams (supports), bending, ductility, ferrocement, plates, reinforced concrete,
ultimate moment

ABSTRACT: The ferrocement elements of plate and beam have a good behavior under working load
due to the fact that the width of cracks appears to be very small than in the reinforced concrete. The
good behavior at failure regarding the aspect of ductility and ultimate moment of the elements shows
the capability of using ferrocement efficiently. The present paper presents some specific aspects
concerning the behavior of ferrocement in a short time bending.

REFERENCE : Onet, Train; Magureanu, C.; and Vescan, V. 1992. Aspects concerning the behavior
of ferrocement in Flexure. Journal of Ferrocement 22(1): 1-9

FP 175 DEFLECTION EVALUATION OF FERROCEMENT PLATES IN BENDING

KEY WORDS: bending, deflection, evaluation, ferrocement, plates (structural members), reinforced
concrete, wire mesh

ABSTRACT: This paper presents some considerations about deflection evaluation of ferrocement
plates in bending, when using large opening welded wire meshes.Flexion tests were made on forty
specimens, with thickness of 15 mm to 35 mm and steel ratio of 100 kg/m? to 250 kg/m? of mortar.
Square meshes (50 mm x 50 mm) and rectangular meshes (25 mm x 50 mm) with wire diameter of
25m (fyk = 600 MPa) were used.

Experimental plate deflections were compared with several theoretical formulations, mainly related
to conventional reinforced concrete and ferrocement standards.

REFERENCE': Ballarin, A.W., and de Hanai, J.B. 1992. Deflection Evaluation of ferrocement plates
in bending. Journal of Ferrocement 22(1): 11-16

FP 176 MATHEMATICAL MODE OF DETERMINATION OF CRITICAL CRACKING FORCE
AT TENSION ZONE OF FERROCEMENT

KEY WORDS: ferrocement, hardening (materials), microcracks, reinforced concrete, setting,
shrinkage

ABSTRACT: Generally, it has been established that during setting and hardening time of concrete
the microcracks in the reinforced concrete-matrix composites have been formed, asa result of contact
stresses on the contact surfaces "binder-aggregate™ and as shrinkage effect and technological
treatment. Cracks of this type are known in the literature as "structural microcracks”. Exposing
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specimen of ferrocement to the action of axial tension it has been established that the structural
microcracks have their direction being perpendicular to the tensile force and broadening themselves
with the increase of the applied load.

REFERENCE : Walkus, R., and Gackowski, R. 1992. Mathematical Mode of Determination of
critical cracking force at tension zone of ferrocement. Journal of Ferrocement 22(1): 17-26

FP 177 DURABILITY OF POLYMER FERROCEMENT
KEY WORDS: corrosion, durability, ferrocement, polymers

ABSTRACT: This paper discusses the durability of polymer-ferrocement in comparison with
conventional ferrocement. The polymer-ferrocement, using a styrene-butadiene rubber latex , are
prepared with various polymer-cement-ratios, and tested for accelerated carbonation, chloride ion
penetration and accelerated corrosion. It is concluded from the test results that the carbonation
resistance, chloride ion penetration resistance and corrosion-inhibiting property of the polymer-
ferrocement are remarkably improved with increase in polymer-cement ratio.

REFERENCE: Ohama, Y., and Shirai, A. 1992. Durability of polymer ferrocement. Journal of
Ferrocement 22(1). 27-34

FP 178 FERROCEMENT PREFABRICATED HOUSING: THE NEXT GENERATION
KEY WORDS: ferrocement, floors, housing, models, panels, prefabrication, walls

ABSTRACT: Ferrocement is a construction material ideally suitable for high levels of prefabrication.
However, in order for ferrocement prefabricated products to successfully penetrate the housing sector,
it should be demonstrated that high quality housing can be produced with ferrocement, in as an
effective way as for low cost housing. This paper describes part of an ongoing investigation which
attempts to address this concem. In a first study, published earlier, advanced manufacturing
techniques were considered for the production of ferrocement housing units; this led to the
development of a ferrocement housing system using standardized prefabricated U and box-shaped
panels for the walls, floors, and roof of a typical house. It was assumed, in all cases, that joining of
the panels can be properly achieved with bolted type connections. After a brief review of existing
ferrocement housing systems (which address primarily the low-cost housing sector), this paper
providesabrief summary of the progress achieved so far on the study of bolted connections. Two types
of connection are identified, a shear-type and a moment-type connection.. Test arrangement and test
set-up designed to identify various failure modes are described. Typical load-deformation response
curves are presented. It is hoped that experimental results will provide the basis for calibrating
analytical models of the connections. Such models can be implemented ina computer program in order
to investigate a large number of parameters, and eventually develop optimum connection
configurations.

REFERENCE : Naaman, A.E., and Hammoud, H. 1992. Ferrocement prefabricated housing: the
next generation. Journal of Ferrocement 22(1): 35-47

FP 179 STUDY OF A TWO STORY PRECAST FERROCEMENT MODEL BUILDING

KEY WORDS: buildings, ferrocement, floors, joints (junctions), models, roofs, serviceability, walls
ABSTRACT: Ferrocement is an ideal material for precast industrialized construction of low cost
houses due to its high strength per unit weight . In some of the countries like Cuba [1], multi-story
buildings using precast ferrocement elements have already been built successfully. However,
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ferrocement element being comparatively very thin, jointing needs special attention. Further, there is
no reported scientific study on the behavior of ferrocement buildings as assembled from precast
elements to ascertain their load carrying capacity particularly with respect to serviceability
requirements.

This paper presents the results of an experimental study [2] of a two story precast ferrocement building
under simulated vertical and lateral loads. The model building of size 1.5 m x 1.5 m in plan and
3.0 m high was assembled from precast elements.in a two story construction. Similar ribbed elements
have been used both as walling and floor/roofing elements. The vertical load was applied using
concrete blocks on the first floor and through hydraulic jacks, keeping the ratio between the two loads
constant through each load increment. The paper presents the deformations and the behavior of the
building and discusses the efficacy of the bolted connections.

REFERENCE : Bhandari, N.M.; Trikha, D.N.; and Prakash, V.S. 1992. Study of a two story precast
ferrocement model building. Journal of Ferrocement 22(1): 49-59

FP 180 WHAT IS FERROCEMENT ?

KEY WORDS: conferences, cracks, crack width, durability, ferrocement, specific surface, volume
fraction

REFERENCE: Alexander, D. 1992. What is ferrocement ? Journal of Ferrocement 22(1): 61-65.

ABSTRACT :This paper is a postscript to the Havana Symposium on Ferrocement. Various aspects
of ferrocement as cementitious composite and its diverse applications were discussed. Differences
between ferrocement and reinforced cement mortar are highlighted. The problems of whether
reinforced cement mortars is within the general definition of ferrocement is explored.
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386724.

24-26 March 1992 : 3rd International Confer-
ence on Modern Techniques in Construction,
Project & Engineering Management, Or-
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Engineering Conference, Chicago, U.S.A.
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3-8 May 1992 : International Conference on
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tion C, Ottawa, Canada K1Y 4J3.

1-5June 1992 : First International Conference
on Fracture Mechanics of Concrete Struc-
tures, Colorado, U.S.A. Contact : Mr. Marty

Moser , Northwestern University, Evanston, I1li-
nois 60208-3111, U. S. A. Tel : (708)491-4025.
Fax : (708)467-1078.

7-10 July 1992 : The Sixth International Con-
ference on the Behavior of Offshore Struc-
tures, London, U.K. Contact : Mr. Robert Gib-
bins, Boss 92 Secretariat, 2 Tavistock Place,
London, U.K. WC 1TH9RA Tel: (071)8376362.
Fax : (071)837 0822.

13-15 July 1992 : The International Sympo-
sium on Noteworthy Applications in Concrete
Prefabrication. Singapore. Contact : Mr. John
S. Y. Tan, Symposium Director, CI-Premier Pte
Ltd., 150 Orchard Road # 07-14, Orchard Plaza,
Singapore 0923. Tel : 7332922, Fax : 2353530.
Telex : RS 33205 FAIRCO.

28-30 July 1992 : International Conference on
Tall Building " Reach for the Sky". Kuala
Lumpur, Malaysia. Contact : Mr. John S.Y.
Tan, Conference Director, CI-Premier Pte Ltd.,
150 Orchard Road # 07-14, Orchard Plaza, Sin-
gapore (923. Tel : 7332922, Fax : 2353530.
Telex RS 33205 FAIRCO.

25-27 August 1992 : 17th Conference on Qur
World in Concrete & Structures. Singapore.
Contact: Mr.John S. Y. Tan, Conference Direc-
tor, 150 Orchard Road # 07-14 Orchard Plaza,
Singapore 0923, Tel ; 7332922, Fax : 2353530.
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12-16 October 1992 : Second International
Congress on Energy, Environment and Tech-
nological Innovation, Rome, Italy. Contact :
Segretaria ENERG?2 Via Eudossiana, 1800184,
Rome, ltaly. Tel: 396 44585260-44585255. Fax
1396 4817245-4881759-4742647.

23-28 November 1992 : 9th International
Congress on the Chemistry of Cement, New
Delhi,India. Contact: The 9th ICCC Secretariat,
National Council for Cement and Building Mate-
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rials, P.O. Box 3885, Andrews Gang, New Delhi
110049, India. Tel: 91-11-6440133, Telex : 031-
66261 CRI IN. Telefax : 91-11-6468868.

27-30 October 1993 : The Third Beijing Inter-
national Symposium on Cement and Con-
crete. Beijing, China. Contact : Mr. Wu Zhaoqi,
Director of Cement Research Institute, China
Building Materials Academy, Guanzhung, East
Suburb, Beijing 100024, China. Tel : (86-01)
5761325. Fax : (86-01)5961713.

NOTES TO AUTHORS

Please furnish us your paper word processed on a computer disk. Please
provide a printout of your paper with the disk. The programs most suited for our
publication are Macwrite, Microsoft Word, Wordperfect and Wordstar. When
submitting your paper please include name of software and version used, filenamg
pnd extension.

Provide atleast five keywords that best describe the contents of your paper:.
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PPUBLICATIONS

001 FERROCEMENT
B.K. Paul and R.P. Pama

This publication discusses cvery aspect of
ferrocement technology: historical background,
constituent materials, construction procedures,
mechanical properties and potential applications.
The flexicover edition includes over 75 literature
references on the subject. 149 pp., 74 illus.

Surface mail Air mail
Subscribers US$12.00 US$14.00
Non-subscribers  US$15.00 US$17.00

002 THE POTENTIALS OF FER-
ROCEMENT AND RELATED
MATERIALS FOR RURAL
INDONESIA - A FEASIBILITY
STUDY

R.P. Pama and Opas Phromratanapongse

The report recommends seven potential
applications of ferrocement and related materials
found particularly suitable for rural Indonesia.
Good reference for volunteer groups and
government officers involved with rural
development

US$2.00
US$4.00

Surface mail
Air mail

003 FERROCEMENT, A VERSATILE
CONSTRUCTION MATERIAL: ITS
INCREASING USE IN ASIA

Edited by R.P. Puma, Seng-Lip Lee and Noel D.
Vietmeyer

This report is the product of the workshop
“Introduction of Technologies in Asia -
Ferrocement, A Case Study”, jointly sponsored
by the Asian Institute of Technology (AIT) and
the U.S. National Academy of Sciences (NAS).
Thirteen case studies on the ‘State-of-the-Art’ of
ferrocement technology and applications in nine
countries in Asia and Australia are presented.
106 pp., 59 illus.

Surface mail US$2.00
Air mail US$4.00
004 FERROCEMENT AND ITS

APPLICATION - A BIBLIOGRAPHY,
Volume 1

Itpresentsacomprehensive listof references
covering all aspects of ferrocement technology
and its applications. This first volume lists 736
references classified according to subject and
author indices. Alllisted references are available
atIFIC whichcan provide photocopies onrequest
at nominal cost. Ideal for rescarchers and
amateur builders. 56 pp.

US$2.00
US$4.00

Surface mail
Air mail
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005 DO IT YOURSELF SERIES

To accelerate transfer of ferrocement
technology to developing countries, IFIC has
published the following eight Booklets in the Do
It Yourself Series:

Ferrocement Grain Storage Bin- Booklet No. 1
Ferrocement Water Tank - Booklet No. 2
Ferrocement Biogas Holder - Booklet No. 3
Ferrocement Canoe - Booklet No. 4

Cost per Booklet
Surface mail US$2.00
Air mail US$4.00

Ferrocement Roofing Element - Booklet No. 5
Ferrocement Biogas Digester - Booklet No. 6
Ferrocement Canal Lining - Booklet No. 7
Ferrocement Pour-Flush Latrine- Booklet No. 8

Cost per Booklet
Surface mail US$4.00
Air mail US$6.00

The descriptive text in each booklet is in a
nontechnical language. Material specifications,
material estimations, construction and post-
construction operation of each utility structure
are well discussed. Construction drawings and
construction guidelines to cnsure better
workmanship and finished structures are
presented. Alsoincluded are additional readings
and sample calculations.

006 FOCUS

This pamphlet introduccs ferrocement as a
highly versatile form of reinforced concrete used
for construction with a minimum of skilled labor.
Published in Bengali, Burmese, Chinese,
English, French, Hindi, Indonesian, Japancse,
Nepalese, Pilipino, Portuguese, Singhalese,
Spanish, Swahili, Tamil, Thai, Urdu. These
pamphlets could be obtained FREE of Charge.
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007 SLIDE PRESENTATION SERIES

Construction of Ferrocement Water Tank
- Series No. 1

An Introduction to Ferrocement
- Series No. 2

Ferrocement - A Technology for Housing
- Series No. 3

Historical Development of Ferrocement
- Series No. 4

Introducing Bamboo as Reinforcement
- Series No. 5

Each set contains 30 color slides with a
description of each slide on an accompanying
booklet. Additional background information are
included where appropriate. The slide sets listed
are intended for use in schools, colleges, training
centers and will be equally useful for
organizations involved in rural development.

Cost per Series Air mail
Developing countries US$15.00
Developed countries US$20.00
008 FERROCEMENT APPLICATIONS:

STATE-OF-THE-ART REVIEWS
Volume 1

This volume is the compilation of the State-
of-the-Art Reviews published in the Journal of
Ferrocement. A valuable source volume that
summarizes published information before
January 1982.

US$ 8.00
US$10.00

Surface mail
Air mail

009 SPECIALIZED BIBLIOGRAPHY

Housing Bibliographies Vol. 1
Marine Bibliographies Vol. 1

Each Bibliography includes all references
available at IFIC on the specific topic up to the
publication date.

US$2.00
US$4.00

Surface mail
Air mail
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010 INTERNATIONAL DIRECTORY OF
FERROCEMENT ORGANIZATIONS
AND EXPERTS 1982-1984

This directory is an indispensable source for
decision making to select firms/experts for
ferrocement related design, construction and
engineering services. 226 firms and experts
present their capabilities and experience.

Surface mail Air mail
For Experts and Firms US$ 5.00 US$ 7.00
listed in the directory

List price US$15.00 US$17.00

011 PROCEEDINGS OF THE SECOND
INTERNATIONAL SYMPOSIUM ON
FERROCEMENT

Edited by: L. Robles-Austriaco, R.P. Pama, K.
Sashi Kumar and E.G. Mehta.

The proceedings provide an opportunity to
review and update the existing knowledge and
further understand the latest developments and
progress made in ferrocement technology.

US$ 60.00
(surface postage included)

List price:

Air mail postage
Asia
Others

US$ 5.00
US$ 12.00

012 LECTURE NOTES: SHORT COURSE
ON DESIGN AND CONSTRUCTION
OF FERROCEMENT STRUCTURES

This is a compilation of the lecture notes of
the Short Course on Design and Construction of
Ferrocement Structures held at the Asian
Institute of Technology, Bangkok, Thailand,
8-12 January 1985.

US$45.00
(surface postage included)

List price:

Air mail postage
Asia
Others

US$ 5.00
US$12.00
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013 FERROCEMENT ABSTRACTS

Each volume contains 300 abstracts on
ferrocement technology. Each abstract is
numerically coded and indexed by keywords,
authors and titles.

Volume 1 Volume 2  Volume 3

US$4.00 US$6.00 US$ 8.00
US$6.00 US$8.00 US$10.00

Surface mail
Air mail

014 VIDEO PRESENTATION SERIES
(Available in PAL or NTSC system)

Introducing Ferrocement, Series No. 1
Cost per tape (Air mail)
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Developing Countries
Developed Countries

015 Ferrocement Corrosion (Proceeding
of the International Correspondence
Symposium on Ferrocement

Corrosion)
Surface mail US$15.00
Air mail US$20.00
016 Ferrocement Thesaurus
Surface mail US$15.00
Air mail US$20.00

017 End Users Training Evaluation

US$6.00
US$8.00

Surface mail
Air mail
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JOURNAL OF FERROCEMENT

Aims and Scope

The Journal of Ferrocement is published quarterly by the International Ferrocement Information Center
(IFIC) at the Asian Institute of Technology. The purpose of the Journal is to disseminate the latest research
findings on ferrocement and other related materials and to encourage their practical applications especially in
developing countries. The Journal is divided into four main sections:

(a) Papers on Research and Development

(b) Papers on Applications and Techniques

(c) Technical Notes

(d) Bibliographic List, News and Notes, International Meetings, Book Reviews, and Abstracts.

Notes for the Guidance of Authors

Original papers or technical notes on ferrocement and other related materials and their applications are

solicited. Manuscripts should be submitted to:
The Editor
Journal of Ferrocement
IFIC/AIT
G.P.O. Box 2754
Bangkok 10501
Thailand

Papers submitted will be reviewed and accepted on the understanding that they have not been published
elsewhere prior to their publication in the Journal of Ferrocement. There isno limitto the length of contributions
butitis suggested that a maximum length of 12,000 word-equivalent be used as a guide (approximately
15 pages).

1. The complete manuscript should be written in English and the desired order of contents is Title,
Abstract, List of Symbols, Main Text, Acknowledgements, References and Appendices. The Standard
International System of Units (SI) should be used.

2. The manuscript should be typed on one side of the paper only (preferably 81/2" x 11" bond paper)
with double spacing between lines and a 1 1/2 in. margin on the left.

3. Two copies of the manuscript and illustrations (one set original) should be sent to the Editor.

4. Thetitle should be brief (maximum of 150 characters including blank in between words or other non-
alphabetical characters) and followed by the author’s name, affiliation and address.

5. The abstract should be brief, self-contained and explicit. The suggested length is about 150 words.

6. Internationally accepted standard symbols should be used. In the list of symbols Roman letters
should precede Greek letters and upper case symbols should precede lower case.

7.  Eachrelerence should be numbered sequentially and these numbers should appear in square brackets
[ ]in the text.

Typical examples are:

1. Broutman, LJ., and Krock, R.H. 1967. Modern Composite Material. London: Addison-
Wesley Publishing Co.

2. Daranandana, N.; Sukapaddhanadhi, N.; and Disathien, P. 1969. Ferrocement for Construction
of Fishing Vessels, Report No. 1, Applied Scientific Research Corporation of Thailand,
Bangkok.

3. Naaman, A.E., and Shah, S.P. 1972. Tensile tests of ferrocement. ACI Journal 68(9): 693-698.

4. Raisinghani, M. 1972. Mechanical Properties of Ferrocement Slabs, M.Eng. Thesis, Asian
Institute of Technology, Bangkok.

8.  Graphs, charts, drawings, sketches and diagrams should be drawn in black ink on tracing or white
drawing paper. Illustrations should preferably be drawn on 81/2" x 11" sheets. Photographs should be black
and white prints on glossy paper and preferably 3 1/2 in. x 7 in. size.

9. Ilustrations should be numbered consecutively and given proper legends and should be attached to
the end of the manuscript.
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