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The International Ferocement Information Center (IFIC) was founded in October 1976 at
the Asian Institute of Technology under the joint sponsorship of The Institute's Division of
Structural Engineering and Construction and Library and Regional 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 (ACTI). 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, government
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to collect information on all forms of ferrocement applications either published or unpublished.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 1is identified and sorted before it is repackaged and disseminated as widely as
possible through IFIC 's publications, reference and reprographic services and technology transfer
activities. All information collected by IFIC are entered into a computerized data base using
ISIS system. These information 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, bibliographies 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 compiling a directory of consultants and
ferrocement experts. The first volume, International Directory of Ferrocement Organizations
and Experts 1982-1984, is now being updated.

To wansfer ferrocement technology to the rural areas of the developing countries, IFIC
organizes training programs, seminars, study-tours, conferences 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 annual training programs since 1984;
a regional symposium and training courses in India; a seminar to introduce ferocement in six
countrics in Asia and eight countries in Africa; 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.



EDITORIAL

IFIC and FIN are working towards effective technology transfer
of ferrocement technology to developing countries. IFIC and FIN
promote ferrocement as a technology that can be use for basic needs
satisfaction and for employment generation. They stress that the
process of technology transfer is linked with social - economic
aspects and with the government organization appropriate to handle
the technology. It is important to adapt the technology to local
conditions and local technological level.

Transfer of technology is achiecved through information disse-
mination and training courses. IFIC and FIN conducts training courses
in three different levels : decision maker level; implementors level
and end-user level. These training courses are undertaken with
financial assistance from international aid organizations and from
local government agencies. The experiences of FIN and IFIC in these
training activities are now documented in the new publication
entitted Methodology  for Training . The guidelines have been
prepared to help FIN nodes organize training courses effectively and
efficiently. The guidelines also include tips for resource persons to
enable them to upgrade their training and teaching capabilities.

Information dissemination is undertaken through personal contact,
answer- to- queries and publications. The Journal of Ferrocement is
the main disseminating tool of IFIC. In this issue, the experiences in
Brazil to improve durability of ferrocement will help local
engineers in other countries to adapt the technology to their
environment. The authors stressed that technology transfer must
consider social and cultural impacts to be effective.

The building up of a local technological capability is necessary and
determines the effectiveness of the transfer. The papers on the behavior
on the weldmesh ferrocement composite under cyclic loads; the
flexural impact damage of ferrocement; ferrocement and replica
ships; and the use of ferrocement panels in large span roofing system
will be usefull in building up this technological capability.

We urge our reader Lo share with us and other uscrs their
experiences in the transfer of ferrocement technology.

The Editor

iii
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Behavior of Weldmesh Ferrocement Composite Under
Flexural Cyclic Loads

Xiong, G. J.* and Singh, G.*

A new qualitative mechanistic model which is thought to reflect the behavior of ferrocement
in flexural fatigue more realistically is presented. In light of this model and test results, the
rectangular stress distribution assumption is found to be better for estimating steel stress when
designing a weldmesh ferrocement against fatigue. This design is facilitated by using the
fatigue behavior of only the reinforcement tested in the air. It is also shown that the
dominating design criterion is not the crack width but the steel stress for all common structures.

INTRODUCTION

Under cyclic loading failure may be defined by the number of load repetitions to: (a) complete
fracture or (b) allowable crack width or (c) allowable deflection. This paper deals with the first two.

Analytical models devised to predict cyclic behavior should be based on mechanistic
approaches calibrated by phenomenological studies. Herein, a new qualitative mechanistic model
of ferrocement in flexural fatigue is presented first. The significance of this model lics in
the inclusion of the practical influence of increase of the height of cracks and the length of
debonding of mortar-steel interface under cyclic loading. In light of this, it is found that the
peaks of steel stress at cracked sections decrease with increase of the load cycles. The stress
calculated by the existing elastic-cracked-section analysis is found to approach the theoretical
upper boundary . The authors then propose a simple new method for predicling the value
of the theoretical lower boundary of steel stress by the rectangular stress distribution
assumption. This new method is thought to be more reliable and simpler for designing
ferrocement using the fatigue behavior of only the wire tested in air.

Basced on test data and theoretical analysis, it is also pointed out that for common structures
the dominating design criterion is not the crack width but the steel stress.

This investigation endeavors to provide a clearer understanding of the interactions between
the two phases of this composite. A simpler and reliable model has been developed which leads
to an economical design of singly reinforced weldmesh ferrocement under flexural cyclic load.

THE NEW MECHANISTIC MODEL

It has been reported that the fatigue life of reinforcement in the air is lower than that
calculated by elastic-cracked-section analysis of the ferrocement [1- 3]. The authors take the view
that onc of the main reasons is that with the increasc of load cycles, the actual peak stecl
stress at the cracked sections as against the calculaled peak stress, decreases. This can be
proved through the following study of the inleraction between the wires and the mortar at
different load cycles (Fig. 1).

* Department of Civil Engineering, The University of Leeds, Leeds LS2 9JT, U.K.
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Fig. 1. Qualitative model of (errocement in flexural cyclic load.

Crack Development Related to the Changes in Compressive Depth

As shown in Fig. 1A and 1B, the plane deformation assumption in which plane sections
before bending remain plane after bending is assumed to be applicable to the beam when load
cycle is equal to n,. Plane dcformation implies that the strains in mesh and in mortar are
directly proportional to the distance from the ncutral axis and that the mesh and mortar
arc bonded together perfcctly; bond slip caused by bond stress is neglected. Crack width, therefore,
tends to be zero and the steel stress reaches maximum value at cracked sections (o, in layer
1 and o,, in layer 2). The clastic-cracked-section  analysis based on plane deformation
assumption, therefore, is applicable [or estimating the peak steel stress at cracked sections. In
the figure C_, is the compressive depth.

As shown in Fig.1C and 1D, when the load cycles increase o n, from n, the crack develops
both in width and height, the neutral axis moves up and the compressive depth decreases
fromC_to C, duc to debonding between reinforcement and the surrounding mortar (debonding
length of layer 1 and 2 arc shown as land L respectively). Plane deformation assumption is not
applicable. The member, now, can be seen as an element with local regions of softening
leading to a decrease in its overall stiffness (termed as equivalent element).

Stress Redistribution

Based on the above and the relationships between stress and strain for mortar and steel wire,
the stress distribution can be estimated as shown in Fig. 1B and 1D at lower and higher load
cycles. Because the height of the compressive zone decreases from C | 1o C_,, the force lever
increases fromZ 107 ,
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Moment of Resistance

Assuming that the actual moment applied (in constant load test) is constant, and bearing in
mind that force lever Z , at load cycle n, is longer than Z | at load cycle n,, it can be concluded that
the peak steel stresses (0,,) at load cycle n, are lower than those (o) at load cycle n,

It means that the use of elastic-cracked-section analysis leads to over estimation of the peak
steel stress, the actual stress in stecl wire decreases with increase of cycles of load.

In fact the test results [1- 6] show that the average strain of wire in tension zone increases and
not decreases with load cycles. At first sight this may appear to contradict the above
derivation. This is because the decrease in the steel stress occursonly in the region near the
cracked scctions. The stress in the wire outside this region increases with cycles of load
because of the decrease of stiffness of mortar and bond failure of mortar-steel interface [4, 8]
as shownin Fig.2.In the figure the continuous and dashed curves express the stress distribution
atcyclen, and cycle n, respectively. This model leads us to improve the existing method for
predicting the cyclic characteristics of the composite from the cyclic characteristics of the
reinforcement and mortar,

| J
AN 1
i i J\

at cycle nq

at cycle n,

stress in steel mesh

Fig. 2. Steel stress distribution at different load cycles.

THE NEW METHOD FOR PREDICTING STEEL STRESS IN FERROCEMENT

The stress in the outermost layer of stect mesh and in the extreme "fiber” of mortar have been
calculated using elastic cracked section analysis by anumber of researchers [1- 6]. According to the
presentation in the last section by the authors, it can be inferred that the steel stress values
calculated from eclastic cracked section analysis tend to approach the theoretical upper boundary.
This is thought to be one of the main reasons why the fatigue life of reinforcement in composite
appears to be higher than in the air.
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In the following, by using the concept of rectangular stress distribution [8, 9] the authors
consider a method for predicting the steel stress values at theoretical lower boundary. As shown
in  Fig. 3, the depth of compressive mortar, X, is calculated by the following equation first.

M =o ., *X * p*

s X
h-f- 2—0) ........ I

Where: M is the moment applied to the section,
o, is the mortar stress which is assumed 1o be equal to 0.55 x 0.67 x cube strength
under static test according to ACI's suggestion [11],
b, h and c are width, depth and cover of the cross section respectively, and
t, is the height of reinforced zone.

After the X value is determined, the steel stress o, can be easily calculated by the balance
condition.

c,*A, = *b*Xx 2)

Where: As is the area of steel.
The stress values calculated by this method tend to approach theoretical lower boundary.

For four groups of specimens (108 specimens) chosen deliberately [1- 3] to represent 2 and 4
layers of 12.6 mm x 12.6 mm x 1.6 mm diameter of galvanized and ungalvanized weldmesh, the
maximum steel stress levels calculated by elastic cracked section analysis and rectangular
stress distribution assumption are presented in Table 1. The stress levels calculated by rectangular
stress distribution assumption are about 5% to 17 % lower than those calculated by elastic-
cracked section analysis. The minimum stress level calculated by elastic - cracked - section
analysis is 12.5 % for all specimens. It is 0.8 % to 3.2 % higher than those calculated by
rectangular stress distribution assumption. Because the differences in calculated minimum steel

0.=0.55 x 0.67xf,, %,

8
7

h
| [seeea]d ~— S
[ 3 X N N J e | P S
_{ US g.
¢l 5
rectangular stress elastic cracked
distribution assumption section analysis

Fig. 3. Models for predicting steel stress.
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stress levels between the two methods are small the minimum stress levels are assumed to be
12.5 % for convenience in the following analysis. This assumption does not influence the
conclusion drawn on this presentation. The specimen size was 350 mm x 125 mm x 30 mm thick
with a cover of 5mm. The test rig consisted of a four point arrangement with a span of 300 mm

Table 1 Stress Levels (%) of Reinforcements in Ferrocement Calculated by Different Methods
(presented as a percentage of ultimate strength)

Elastic Cracked Rectangular Stress Distribution
Section

2UGl.6* 4UG1.6 2Gl.6 4Gl.6
45 (32.4) (37.5) (31.6)
55 49.0 41.0 46.7 (394)
65 59.2 519 55.6 478
75 68.5 65.5 65.5 577
85 80.2 76.5 69.9

* First numeral denotes number of layers, Galvanized (G) or Ungalvanized (UG), Second numeral denotes wire diameter in

mm.

Stress levels in "()" are not used for regression equations.

90—
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Fig. 4. P-S-N relationships, 1.6 mm ungalvanised weldmesh in air and in ferrocement {2, 4]. P =5 %.
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Fig. 5. P-S-N relationships, 1.6 mm ungalvanised weldmesh in air and in ferrocement [2 , 4]. P = 50 %.
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Fig. 7. P-S-N relationships, 1.6 mm galvanised weldmesh in air and in reinforcement [2 , 4]. P = 50 %.

and a constant bending moment zone of 120 mm. The regression equation of P-S-N
relationships of reinforcement in air and in composite are shown in Table 2. The corresponding
plots can be observed in Figs. 4- 7. Some calculated examples based on P-S-N relationships
in Table 2 are presented in Table 3. It can be seen that even if the steel stress in ferrocement is
underestimated (to be equal to the values of theoretical lower boundary) the fatigue life of
reinforcement in composites is still higher than that in the air in most cases. This is because
only a limited number wire sections, located at the cracks in mortar (Fig.2), are subjected
to the applied maximum stress [2].

A design example (Fig.3) in whichthe fatigue behavior of ferrocementis assumed to be the same
as that of wire tested in air is presented in the following.

Design Example

Take the P-Sa-Na relationship of wire tested in air tobe S, =162.788 - 18.477 LogNa
(P=50%). Let the depth (h), width (b) and cover (c ) of the member be 30 mm, 125 mm and S mm
respectively, with 2 layers of 12.6 mm x 12.6 mm x 1.6 mm diameter galvanized weldmesh.
Assume cube strength (f,, ) and the elastic modulus of mortar to be 50 N/mm? and 30 000 N/mm?
respectively; ultimate steel stress (f,,) and elastic modulus of wire (E)) to be 458 N/mm? and
16 8000 N/mm? respectively. Fatigue life of ferrocement is required to be N,> 1000 000 .
Determine the moment capacity of the ferrocement.

(1) Determine allowable maximum stress level.

By bringing N=N_=1000000inthe P - S, - N, equation given above, the steel stress level,
§(=§,)is < 52.1%.



244 Journal of Ferrocement: Vol. 22, No. 3, July 1992

Table 2 Regression Equations of P-S-N Relationships

Probability of Failure P Average Fatigue
Strength
at10®
Series 5% 50% (%) (MN/m*)
Inair UG1.6 Sa=180.191-29.971LogNa  Sa=165.825-23.124L.ogNa  27.1 156
G1.6 Sa=141.930-16.754LogNa  S5a=162.788-18.477LogNa 52.1 239
In ferro- 2UG1.6 Se=147.423-17.818LogNe  Se=178.322-22.589L.ogNe 42.8246
cement S§r=141.239-16.988LogNr  Sr=162.591-20.258LogNr 410 236
4UG1.6 Se=171.302-22.271LogNe  Se=171.486-20.860LogNe 46.3266
§r=195.827-29.557LogNr  Sr=187.586-26.586LogNr  28.1 161
2G1.6  Se=165.401-18.0-5LogNe  Se=173.883-18.098L.ogNe 65.3299
S§r=154.679-17.540LogNr  Sr=170.944-19.488LogNr 54.3 248
4G1.6 Se=166.274-18.253LogNe  Se=216.135-24.5721.ogNe 68.8315
Sr=147.355-17.503LogNr  S§r=227.790-29.539LogNr  50.6 232

Note: Sa, §e and Sr are steel stresses as a percentage of ulumate static tensie strength. Among them, Se and Sr are

calculated by elastic cracked section analysis and rectangle stress distribution respectively.

Table 3 Calculated Examples by using P-S-N Equations in Table 2

P=5% P=50%
S Na Ne Nr Na Ne Nr
2UG1.6 50 22075 293544 234850 102062 479435 361288
55 15034 153836 119252 62035 287994 204662
60 10239 80620 60554 37706 172996 115937
65 6973 48078 30748 22919 103918 65676
4UG1.6 50 22075 279663 85853 102062 666612 149668
55 15034 166774 58155 62035 383867 97065
60 10239 99454 39394 37706 221048 62949
65 6973 59308 26685 22919 127290 40825
2G1.6 55 306936 2465986 929001 1271270 7000370 1607221
5SS 154387 1303296 481898 681759 3705505 890241
60 77656 688806 249972 365615 1961434 493105
65 39061 364041 129667 196073 1038246 273131
4G1.6 50 306936 2344936 364913 1271270 5769669 1044293
55 154387 1247968 189027 681759 3611331 707220
60 77656 664165 97917 365615 2260391 478947

(8] 39061 353466 30722 196073 1414816 324354
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(2) Determine moment capacity of ferrocement.
Bringing the allowable steel stress, o, = f * 52.1 %, and other parameters into the two
moment capacity predicting models:

M, <0.175 kNm (by elastic cracked section analysis)
M_<0.198 kNm (by rectangular stress assumption)

Based on above, if the fatigue behavior of ferrocement is assumed to be the same as that of wire
tested in air then for a simple and economical design (as well as a conservative design of higher
reliability because the fatigue strength of the wire in the composite is higher than that of the wire in
the air), the rectangular stress distribution method is recommended by the authors.

OBSERVATIONS ON THE PREDICTION OF CRACK WIDTH

The crack widths increase with cycles of load, because of the decrease of stiffness of mortar due
partly to the growth of small internal cracks and partly to creep occurring outside of cracked zone,

and the progressive deterioration of bond between the steel and the matrix [4-8].
It has been found that crack widths increase with cover thickness under static load [12, 13]. Tt

can be inferred that a similar phenomenon would be observed under cyclic load. This can be

i i 1\
= | 1 L=
,-————
X o\ =
——=
fon b C e —
(a) Tensile element from the pure flexural region
y‘}
/L._r - ‘>/0p (peeling stress at TT __‘_J (
7 h L interface) .7, (bond stress)
[/_U | l__ ~ ’ﬂ‘_{._“/
T T T —
{ ::__I :::j d IE——

L] —— far st
cracked e Oy T oy | Oy, {mortar stress)
section :— ';I {:_"/ ™

7 - —

= i —

b |7 7 ¢ . .

(b) Stress state of block abcd

Fig. 8. Qualitative depiction of stress in a tensile region from a pure flexural zone.
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proved by analyzing the stress state of block abed (Fig. 8 B). The block is taken from an element
in the tensile region of pure flexural zone shown in Fig.8 A. The directsress ¢ and bond stress
7, on the block can only satisfy one balance condition, > X =0. In order to keep the balance,
the block needs another condition> M = 0. It leads us to conclude that there must be a peeling
stress at boundary ab. Obviously, the thicker the cover is, the larger will be the peeling stress. The
larger peeling stress results in longer debonding zone, consequently wider cracks. Because of
the existence of peeling stress and uneven distribution of direct stress ¢ along Y axis, the crack
pattern can be depicted (exaggerated) in Fig. 8 B.

Longer crack spacing results in wider crack width. It has been reported that crack spacings
increase with the increase of the cover [1, 4]. When the cover is rclatively thinner the crack spacing
is nearly equal to the transverse wire spacing [4]. When the maximum value of the coveris
5 mm, as specified by ACI [14], then the crack spacing is about 13.8 mmto 23.6 mm ( with
mesh wire diameter of 1.6 mm and spacing of 12.6 mm) according to Fakhri [1].

In view of the large amount of effort put into the development of methods of predicting crack
widths [4- 6] the authors have tried to establish if this effort is justified. They have come to the
conclusion that the dominant criterion of design is that of steel stress, and not the crack width for
all common structures. In the following the authors present an analytical proof of their view in
which a method has been deliberately chosen which overestimates the crack width. The line
of reasoning is that if the crack widths so calculated can still be shown to be dominated by the
stress criterion then their view shall be verified. It will be assumed that under cyclic loading
the two phases will be totally debonded and that the mortar will experience total stress relief
and strain recovery. Therefore, the elongation of the reinforcement between two adjacent cracks
will be equal to the crack width. According to Shah et al, the creep of weldmesh under cyclic
loading is less than 3 % at a maximum stress of 57.6 % of ultimate strength. In light of the
ACI formula for static flexure [14], the crack width can be modified to:

We=L*(¢ /Es)*103%*B ... 3)

Where: L is the crack spacing (instead of wire spacing, s, which is less than L).
f,. and E_ are the maximum cyclic stress and elastic modulus of stecl respectively.
B is the ratio of distances to the neutral axis from the extreme tensile "fiber” and from
the outermost layer of stecl [15].

Consider the most unfavorable conditions:

Height of section = 20 mm

Cover thickness = 5 mm

Crack spacing = 23.6 mm (The longest one in Fakhri's test result (1))

Neutral axis is in the middlec of the section. »

Stress and elastic modulus of steel are equal to 270 N/mm? (allowable static stress) and
200 000 N/mm? respectively [14].

Oversttimate of crack width, W, obtained from Eq. 3 is 0.0656 mm.

Fakhri [1] measured the crack widths at the bottom on 4 groups of specimens(108 specimens) as
stated before. Those specimens with minimum of two million cycles of fatigue life showed that
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the ratios of crack widths at two million cycles to those at 350 cycles were about 1.25 to 1.65. All final
observed average crack widths are presented in Table 4. It should be noted that the elastic moduli
of all kinds of meshes for these test are much lower than 200 kN/mm?2. As can be seen, both the over-
estimate of crack width and the test results are smaller than the allowable value of 0.1mm for
common structures as specified by ACI (14).

CONCLUSIONS

1. Peak steel stress at the cracked section decreases with the increase of load cycles.

2. When S-N relationship of ferrocement is assumed to be the same as that of wire in air then the
rectangular stress distribution assumption appears to be better for a reliable and economical
design.

3. The dominating design criterion under cyclic loading is not the crack width but the steel stress
for all common structures.

Table 4 Cyclic Crack Data at Load Cycle of Two Million

2UG1.6* 4UG16 2Gl.6 4G1.6
Elastic modulus of steel (kN/mm?) 168 168 168 168
Ultimate steel strength (N/mm?) 527 527 458 458
Steel stress level Se* (%) 55 65
Steel stress level St (%) 46.7 478
Average crack width (mm) 0.046 0.059

* Se and Sr - Stress level calculated by elastic cracked section analysis and rectangular stress distribution assumption

respectively.
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Flexural Impact Damage of Ferrocement

Y. Kobayashi *, Y. Tanaka * and M. Ono*

Lateral flexural impact tests of ferrocement were performed under three point bending. To
understand the properties of impact, test results are discussed on the effect of striking velocity on
impact load, strain, and deflection. Moreover, the relationships between face sirain and
deflection, and the absorbed energies obtained from load-deflection curves were studied.

The strain at first crack in impact tests was approximately equal to that in static tests.
Localized damage occurred under the load right afier impact. A linear relationship was observed
between compressive strain and deflection after localized damage. The energy expended in
impact damage could be assigned to localized damage, crack opening, compressive failure
of mortar, and bending of reinforcemeni. The energy for localized damage was in proportion
to the drop height of a striker and was 25 % of the input energy. For a specimen in which
only cracks occurred, 85% of the input energy were spent for a cracked damage,and 15%
remained as the recoverable energy of deflection.

INTRODUCTION

Ferrocement is superior in flexibility, but hasa weakness in impact resistance because it
is athin plate. However, it is experimentally known that repairs are very easy because impact
damage is localized to a limited area.

According to previous reports [1-3], the impact of ferrocement had been studied under
single or cyclic drop impact tests and Charpy impact tests. Impact resistance is usually
expressed by potential energy which is obtained by multiplying drop height by weight of a
striker. This resistance incrcases with an increase of a volume fraction or a specific surface of
reinforcement. This is mainly connected with improvements of cracking resistance or failure
strength. Leak tests were also carried out after impact tests for the evaluation of the impact
resistance. Shahetal. [4] confirmed that impact damage became lower by using a high specific
surface and a high strength of mesh. However, Nimityongskul et al. [1] indicated that the
impact resistance did not always increase with the increase in the specific surface of mesh
under an almost practical maximum stee¢l content condition; ferrocement has the optimum
specific surface for a leak resistance after impact. '

The evaluation of impact damage is very difficult. However, it is necessary 1o solve the
impact problem of ferrocement to creatc standards for inspection of impact damage and thus
it is important to understand the basic impact properties of ferrocement. In the present paper,
the impact load was applied by drop weight under three point bending. The experimental
strain rate was very slow because the striking velocity was less than 5 m/s. Test results
are discussed on the respdnse of impact waves,on the effect of the striking velocity, and
on absorbed energies. Moreover, the failure process is studied in the compressive strain and
deflection relationships.

* Ship Research Institute, Ministry of Transport, 6-38-1 Shinkawa, Mitaka, Tokyo 181, Japan.
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EXPERIMENTAL PROCEDURE
Materials and Specimen

A normal Portland cement and a river sand of 2 mm maximum sizes were used. The mix
proportion of the mortar was water-cement ratio of 0.41, and sand-cementratio of 2. In the strengths
of the mortar, the compressive strength was 61 MPa, the tensile strength was 5.2MPa, and the bending
strength was 7 MPa. The elastic modulus of the mortar was 29.2GPa.

Square woven wire mesh (JIS G 3555,1.0 mm x 10 mm x 10 mm) and steel bars (JIS G3112,
SR24, 5.6 mm in diameter) were used as reinforcement. The mechanical properties are given in
Table 1. 6, ©,,, and E, represent the ultimate tensile stress, the proof stress that corresponds to
0.2 % permanent set, and the elastic modulus of the reinforcement, respectively.

Table 1 Mechanical Properties of the Reinforcement

oy, 0,, E Remarks
MPa MPa GPa
Woven Wire Mesh 415 325 191 196x10x 10
Reinforcing Bar 444 414 205 560¢

A ferrocement specimen of 600 mm long, 300 mm wide, and 25 mm thick is shownin Fig.1.
The cross section was reinforced with one layer of the reinforcing bars and three layers of the
square woven wire mesh at each side of the bars. The bars were placed in the center at intervals of
50 mm. After placing the mortar, the cover for the tensile face was 3 mm thick, but that of a
compressive face varied from 3 mm to 6 mm in thickness. The volume fraction of reinforcement
was 0.038 to 0.04 in the longitudinal direcion against flexural moment.

Outermost layer

Middle layer YMesh
Inner layer 16x10x10
, Bar 6x5.6¢

o
Tg)

300

600 2

Fig. 1. Ferrocement specimen.
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Testing Procedure

A schematic diagram of the flexural impact testing apparatus is shown in Fig.2. Single
impact tests were performed under three point bending. The span was 500 mm. The striker was made
of a steel rod; 100 mm diameter, 1000 mm long, and 61 kg in weight. A striking velocity was varied

Striker
(61kg)
Drop JL Trigger
Rubber Load -
A p—
Specimen E:cj Amp
| I'Et Wave
& mer;nory
500 Data
77 7

Fig. 2. Schematic diagram of flexural impact testing apparatus

by drop height of the striker. An impact load was transmitted to the specimen through a rubber
sheet of 10 mm in thickness, a load cell, and a bending jig. The bending jig was fixed on the
specimen by clamps. The specimen was also fixed on both supports to prevent it from jumping
up, but was free to slide and to rotate due to flexure.

Strain, €t ,&c

0 0001 0002 0003
1 1 !

0004 0005
O T I
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L] T

(o o]
1

f o
|

Load, P (kN)
(o]
T

Visible crack

_ Pcr Py Pf 7
2 L7 P-Et Exp. s
Cal. o A4 0O

0 | ] 1
0 5 10 15 20

Deflection, & (mm)

Fig. 3. Load-deflection and load-strain diagrams in static flexure.
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The impact load was detected by a load cell (capacity: 20 kN) of strain gage type. The
acceleration of the specimen was measured by a transducer(capacity: 500g) on the jig. A tensile
and a compressive strain were measured by strain gages of 30 mm length. These analog data were
transformed into the digital data with a sampling rate of 10 micro second by using an A/D translator
of 12 bit resolving power. Finally the data were stored on a floppy disk in a personal computer.

RESULTS AND DISCUSSIONS
Flexural Strength in Test

A load-deflection curve and a load-compressive strain curve in flexural static test are shown
in Fig.3. The first crack occurred at 180 x10° on the tensile face. The experimental load at the first
crack was higher than the estimated load. The visible crack load was beyond the theoretical yield
load. The final failure occurred at a compressive strain of 4420 x10¢. The estimated maximum load
agreed approximately with the experimental load. The above failure stages were estimated by using
the equations in Ref.[5]. The estimated equations were deduced (rom the assumption that the strain
distribution was linear in the scction of a specimen.

As the neutral axis at the first crack was located almost in the middle point of the section,
the specimen itself behaved elastically up to the first crack. In proportion as a load approached the
yield load, the neutral axis moved into the compressive zone,and therefore this made the flexural
rigidity decrease markedly. However a lincar relationship was observed in the range between
the first crack and the yield load as seen in Fig.3.

Failure Stages in Static Flexure

The above failure stages are shown by a schematic diagram in Fig.4. The first crack is defined
as the statc when the tensile face stress rcaches the tensile strength of the mortar. The mesh yield
means the state when the tensile stressof the outermost mesh reaches the proof stress. The final
failure occurs by breaking failure of the mesh or the compressive failure of the face mortar, and
generally indicates the maximum load.

Final failure
7 Crack opening range
C
/fz’(o 4 point K point
bending bending
O .
§ ___fv!e‘éb_)/_'sl.d_._.j
Cracked range |
_Firstcrack i
Uncracked range

Deflection, Compressive strain

Fig. 4. Schematic diagram of failure stages in static flexure.
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Under four point bending, cracks mainly begin to open after the mesh yield because fine
cracks occur one after another in a region of uniform moment of a specimen. However, under a
three point bending test, cracks begin to open immediately after the first crack. In case of
a collision between ferrocement and another object, it is assumed that the loading condition is
similar to three point bending.

It is necessary that ferrocement is watertight for utilization in a marine environment. So,
crack observations can offer- helpful information for potential damage. Visible cracks are
approximately 0.02 mm to 0.025 mm wide in flexure[5], and generally are observed after yield of
the outer most mesh. Therefore for convenience the load cormresponding to visible cracking is
considered to be the same as the yield load. In ferrocement under tension[6,7], water began to leak
atacrack width of 0.025 mm, Visible cracks donot always leak in flexure if the crack does not
penetrate through the section of the specimen. However, a visible crack provides useful datain the
damage evaluation of impact.

Time Variation of Measured Impact Waves

An impact load, P, was corrected by subtracting an inertia force from the measured value
detected by the load cell. The inertia force was calculated from multiplying the measured acccleration
by the total mass of the jig and the load cell on the specimen. A flexural velocity, V, was obtained
from the integral of the acceleration with respect to time. The deflection, &, was also obtained
from the integral of V. € and €, represent the tensile and the compressive strain on the specimen
respectively. The response of these strains can indicate the first crack and the final failure in the
experiment. The striking velocity, V,, is given by Eq.(1) on the assumption that all the potential
energy is completely transformed into kinetic energy.

VJ = (Zgh)hz

where g is the gravity of acceleration and 4 is the drop height of the striker.
Fig.5 shows the time variation of mecasured waves when V,=4.8 m/s. The peak load, P, was
observed immediately after the impact. From the strain response on the specimen, it was observed

Wom— T
08 L'I . ) ]
06 [; - h=12m
0.4 F! ..... Vs=48 m/s |
02! ]
0 ,\. ! 1 T 1 T ]
-02¢| Y & Max. range -
-04f) N P: 735 kN -
-06F N : 60 mm
ostl Ui €:7500 0%
-1'0 o’ Failure . V: 6mis

0 10 20 30 40

Time (ms)

Fig. 5. Variation with time of impact waves.
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that the first crack occurred right after impact and the compressive failure of the mortar occurred
after the peak load. V reached approximately V, right after impact, but decreased gradually with
time. The response of the deflection was delayed in comparison with the response of the impact
load. The deflection continued to increase after the compressive failure of the mortar and became
a maximum at V =0. These variations of deflection are caused by not only the bending of
reinforcement but also by the opening of cracks directly under the impact loading axis.

The impact damage was distinguished in two types by observation of the damaged specimen.
One was damage where only tensile cracks occurred on the tensile face mortar and the other
was damage where compressive failure occurred on the face mortar as the final failure in Fig.4.
The first one is designated as a cracked-damage specimen and the other as a broken-damage
specimen. Fig .5 shows an example of a broken-damage specimen.

Effect of Striking Velocity on Strain, Deflection, and Load

The measured values at the {irst crack, the peak load, and the final failure are discussed. The
responses at the first crack are shown in Fig. 6. €, &_,and P_ represent the tensile strain, the
deflection, and the load at first crack respectively. Now it is necessary to estimate the time when the
first crack occurred in impact. The time was estimated from the response of the tensile and
compressive strain in the time variation curve or the load-strain curve. When a tensile crack oc-
curred, the tensile strain increased markedly in comparison with the increase of the compressive
strain because the neutral axis was shifted by crack initiation. Generally, the tensile strain is
approximately equal to the compressive strain in the uncracked range. Therefore, € was
regarded as the strain at first crack in impact.

€, was independent of V, and was approximately equal to the static data plotied on the vertical
axisatV,=0. P_ increased as the striking velocity increased, but 8 decreased linearly. The above

5 T Range ' T T T
a S x107mm
L A Eer x1074 —140
o Per o
— 30 -
o 4
A A 120 5
: - [a
=10
*l 1l | O

4 5 6 7
Striking velocity, Vs (ml/s)

Fig. 6. Effect of striking velocity on first crack, load and deflection at first crack.
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results indicated that the impact damage became more local with an increase of striking velocity.
Moreover, the behavior of load and deflection are related with a difference of impact damage; that
is, the cracked-damage specimen for V, <3 m/s, and the broken-damage specimen for V_ >3 m/s.
Fig.7 shows the response at the peak load P,, &, and €_ represent the deflection and the
compressive strain at the peak load respectively. P, was proportional to V, and all the data lay on

1.01|||1|I|I’A1,!|1

- Range o 7
L o §p xImm / -180
A Ecp x1073 'ID -
a o Pp !
a | / —160 =
w A Z
~05 4 -l -
a v )/ -
o | ’A 440 0(3.
" Jog J
’
» —20
0 [ T S W N U S S N T S 0
0 1 2 3 4 5 6 7

Striking velocity, Vs (m/s)
Fig. 7. Effect of striking velocity on peak load, compressive strain and deflection at peak load.

astraight line. Linear relationships were observed in 5P and g_ for V, <3 m/s. These are also related
to the type of impact damage as mentioned above.

Fig.8 shows the response at final failure. €_ represents the compressive strain; that is, the
maximum strain in cracked-damage specimens or the compressive failure strain in broken-
damage specimens. P, and &, represent the load and deflection at € respectively. Generally, 5
became a maximum when € reached a maximum in the cracked-damage specimens. The value
of £, was greater than the static failure strain in the broken-damage specimens as seen by the
solid triangles in Fig.8. The increase of failure strain is caused by the effect of strain rate on the
strength of mortar. In connection with the effect of strain rate, impact compressive tests of
another mortar were performed under a different striking velocity. As aresult, the strain rate
did not affect the elastic modulus, but the compressive strength increased considerably.

Relationships between Compressive Strain and Deflection

Fig.9 shows the relationships between compressive strain and deflection in experiments.
These are useful to understand impact damage. For the static test specimen, the strain-deflection
graph is combined by two lines with different slopes. In the impact specimens, the compressive
strain increased rapidly when the deflection was small, but the strain-deflection relations were

linear overall. Moreover, their slopes seem to be approximately the same irrespective of different
values of striking velocity.
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Fig. 8. Effect of striking velocity on compressive strain, load and deflection at compressive failure of face mortar.
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Fig.9. Relationships between compressive strain and deflection.
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The above experimental relationships can be understood by using the schematic diagram
of Fig.10. In the case of a static specimen, the compressive strain reaches the point F by way of the
points B and Y as shown by the solid line. This can be divided into two lines AC and CF
intersecting at the point C. The points B, Y, and F correspond to the first crack, the mesh yield, and
the compressive failure of the mortar respectively. €, is expressed by Eqs.(2) and (4) from the
experimental fact that the points B and Y lay on the line AC and CF respectively. The slopes, ¢,
and a,, are expressed by Egs.(3) and (5) respectively. Moreover, these slopes correspond to the
behavior of the uncracked range and the crack opening range in the P -  curve of Fig.4. Assuming
that the load-deflection curve is bentat the first crack as seen in Fig.3, the value for estimated
yield point, €, and 8,, are given by Eqs.(6) and (7) respectively. The constant, £,, becomes Eq.(8).

F
w
3
o
w
(7
2
(7))
74}
v
g'Ecy B:First crack
S Y :Mesh yield
Eccr F:Failure
A Deflection, §

Fig. 10. Schematic diagrams of the relationships between compressive strain and deflection.
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€. cr
£o= eyE, + 11 _L €yEy cereenee (8)
py d,—e,

Where [ is the span, e_ and e, are distances from the compressive face to a neutral axis at

first crack and at mesh yield respectively, € is the yield swain of the mesh, disthe total
thickness of specimen, d, is the thickness excluding the tensile cover, P, and P, are the
estimated loads for the first crack and for the mesh yield respectively.
a,, and a, , represent the estmated values, and o, and ¢, , represent the experimental
values obtained from Fig.9. R, and R, denote the ratios of the experimental slope to the estimated
slope. These data are given in Table 2. The static specimens, FCB9 and FCB10, have different
thicknesses of cover, but the experimental slopes nearly agree with the estimated ones, The
straight line YF indicates that cracks open with an increase of deflection.

Table 2 Slopes of the Strain-Deflection Relationships

Speci- y a o o
N lexp lcal 2exp 2cal £
men m/s Xx10° x10° R, X105 x10¢ R, 705 6, € Remarks
mm' mm?! mm?! mm?! mm

FCB10 O 609 605 1007 362 353 1.025 853 1.667 262 *
FCB9 0 598 586 1.020 290 300 0967 843 1.551 377 *

FCB1 099 - 605 - 341 357 0955 870 1722 256  *x
FCB2 140 - 600 - 345 349 (0989 868 1.720 268  **
FCB3 198 - 597 - 297 356 0834 880 1776 248 **
FCB4 262 - 578 - 287 327 0878 886 1802 296 **
FCB5 328 - 607 = 344 344 1000 871 1701 286  *xx
FCB6 383 - 603 - 319 346 0922 869  1.708 278  sxx
FCB7 485 - 586 - 297 357 0832 877 1802 234 ¥+

* Static test specimen, ** Cracked damage specimen , *** Broken damage specimen

In impact specimens, € _is classified into two courses. In the cracked-damage specimens, €,
turns back to the point E by way of the point Y as the dotted line in Fig.10. In the broken-
damage specimens, €, passes the points Y, and D, and reaches the point F as a broken line. The
point Y, represents the strain corresponding to the yield strain of the mesh. The point D is the
approach point that € reaches the line YF. Therefore, it can be considered that cracks become
visible at the point Y, and begin to open from the point D due to an increase of deflection. a,
was slightly less than a, , asseen in Table 2 because the flexural capacily was decreased by
cracking after impact. However, the impact damage mechanism seems to be similar to the
static one in the range beyond the strain of the point D.
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Observing the behavior of the strain immedialtely after impact, the values are larger than for the
line AC. Moreover, the type of impact damage is classified according as the strain passes across the
extension of the line FC or not. The strain passes across the extension in a broken-damage specimen.
Localized damage is formed in the range up to the point D,

Load-Strain .and Load-Deflection Diagrams of impact

The load-compressive strain curves arc shown in Fig.11. The circle, the triangle, and the open
square correspond to the first crack, the mesh yield, and the point D of Fig.10 respectively. All
first cracks occurred during an increase of load. The mesh yield was located over the peak load in
the cracked-damage specimens, but was located near the peak load in the broken-damage
specimens. The open squares are located at the end of the impact load or near the minimum load.
The decrease of its impact load seems to be caused by yielding of the mesh. Moreover, cracks
become visible at the triangles and begin to open from the open squares as mentioned above.
Consequently, it is considered that localized damage occurs mostly by only the load immediately
after impact. In addition to the above, it is suggested that improvement of yield load is very
effective in improving impact resistance.

80 T T T T T
B o First crack
~ 60 A Mesh yield |
Zz 0 Crack opening
= . 18 by deflection
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o | Ao, . _
40 /.:(' A \\
"U‘ ,{?"\2;6 \
o — \ N N -
o 20 y .
- Q \ B
20 . \
14 N T N J
) Y \CL. '-.-": ::_':..:.--.‘.""" Sl PRI -3
0 | Ao eresd L TR e Wik
0 0.001 0.002 0.003
Strain, E&c
Fig. 11. Load-strain diagram in impact.

The load-deflection curves are shown in Fig.12. The triangles and the open squares also
correspond to the mesh yield and the point D respectively. The solid squares represent the final
failure, that is, the compressive failure of the mortar as shown by the point F in Fig.10. As
mentioned above, localized damage is formed during the process up to the open squares. The value
of deflection for localized damage is approximately a quarter of the deflection for final failure.
Cracks open during an increase of deflection from the open squares to the solid squares. At the
same time, the compressive failure of the face mortar occurred during an increase of load.
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Fig. 12. Load-deflection diagram in impact.

Absorbed Energy in Impact

Each absorbed energy is defined in the schematic diagram of load-deflection curves in Fig.13.
E_E and E, represent the energy of firstcrack, mesh yield, and localized damage respectively. The
energy of the final failure, £, has two definitions with respect to the deﬂectipn range for integral. The
integral range is until the maximum deflection in the cracked-damage specimen and until the
deflection at the compressive failure of face mortar in the broken-damage specimen. The recoverable

y Broken damage
Yield specimen g
c sweseeeee Cracked damage
or specimen
Crack P
©
o .
k .-. Failure
T //’ Er %
Deflection

Fig. 13. Definition of absorbed energy.
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energy,E,, expresses until the maximum deflection returns to zero or free load in the cracked-damage
specimen. These absorbed energies were obtained practically from the load-deflection curves of
Fig.12 by using Eq.(9). To compare with the input energy "mgh," the obtained energy is
expressed as Eq.(10) by using the effcctive coefficient 1.

E:_f Pd6 ........ (9)
E=nmgh . (10)

The energies at first crack or mesh yield are plotted against drop heightin Fig.14. The data in static
test were laid on the vertical axis (h=0). E_ gave approximately equal values irrespective of drop
height. E reached the limited capacity, but decreased slightly for A > 0.7 m. According to the
decrease of E , it is necessary to consider the effect of strain rate on the yield strength of mesh or the
strength of mortar.

Orr—T—T7TT7TT7T 77T T T T T
L i o §y=(0.217+0.0059/h)mgh i
4o g / o Ecr :First crack |
3 P / o Ey :Mesh yield |
30 .
>
L i ]
o 20 -
w |
10§ .
0 T 10T o Tt T T
0 05 1.0 15

Drop height, h(m)
Fig. 14. Absorbed energy for first crack and mesh yield.

The energy of localized damage and final failure are shown in Fig.15. E, increased in
proportion to the drop height as given by Eq.(11), and therefore 25% of input energy was expend-
ed for localized damage. This result was not dependent on drop height or the type of impact damage.

E=025mgh .. (1)

In the cracked-damage specimen, the final failure energy increased in proportion to the drop
heightuntil A = 0.4 m. E, was 85% of input energy as given by Eq.(12). E, was 15% of input energy
in each specimen. Therefore, it became clear that all the input energy was transferred to the
cracked-damage and recoverable energy of deflection.

In the broken-damage specimen, £ p increased slightly with an increase of drop height as given
by Eq.(13). This is also mainly caused by the effect of strain rate on the compressive strength of
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Fig. 15. Absorbed energy for localized damage and final failure.

mortar. However, the critical value of the final fatlure energy was decided to be approximately
190 ] for £ = 0.4 m from Eq.(13). Therefore the greater part of input energy was expended in the
bending of the reinforcing bars and meshes.

For h<04 E/ =08 mgh L. 12)
For h>04 E/ =(0.167 + 0.25/ h) mgh e (13)

Furthermore, E, reachesE, ath =3 m from Eq.(11) and Eq.(13). Therefore, all input cnergy
will be spent for localized damage in 4 23 m, (V, 27.7 m/s). The specimen will fail by shear-
ing force with a small deflection.

CONCLUSIONS

The properties of impact damage were obtained from the lateral single impact tests of ferroce-
ment. The experimental results are as follows.

1. The strain at first crack in impact was approximately equal to that in static load, and was stable,
irrespective of striking velocity. The deflection at first crack decreased as the striking
velocity increased.

2. The peak load was proportional to the striking velocity. The value of the peak load is related
1o the yield of the mesh and the strength of mortar. Impact damage occurs mostly by only
the impact load right after strike and became the localized damage without deflection,

3. The compressive strain-deflection relationship after localized damage was linear up to the
compressive failure of the mortar. This is caused by crack opening due o an increase of
deflection.

4. The reinforcing bars and laminated meshes were bent after compressive failure of the mortar,
but spilling was not observed on the tensile cover mortar.
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5. The absorbed energy of localized damage was in proportion to the drop height and was 25%
- of input energy. The 85% of input energy was spent for the cracked-damage and 15%
remained as the recoverable energy of deflection in the cracked-damage specimen.

6. The specimen has a limited capacity to absorb energy in the final failure, but in practice
the capacity becomes break in correspondence to the amount of striking velocity because
of the effect of strain rate on the compressive strength of mortar.

7. Use of a higher yield mesh is effective in improving impact resistance.
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Ferrocement Durability : Some Recommendations For
Design And Production

Jefferson B.L. Liborio* and Joao Bento de Hanai*

This paper presents some recommendations for design and production of ferrocement, in
order to eliminate the source of many pathological problems.

These recommendations were derived from an exhaustive program of technical inspections of
existing ferrocement structures in Brazil, that had been subjected to different climatic and
environmental conditions. _

Structures up to 30 years old were examined and the main durability factors, both the positive
and the negative were identified. Design, production, maintenance and repair techniques were
identified, classified and the most appropriate for ferrocement applications in civil construction
were selected.

FIRST CONSIDERATIONS

The present paper was based on knowledge of pathology of concrete buildings, adapted to
specific conditions of ferrocement considering the main production process being used in
Brazil and results of observation of existing buildings [1].

Its objectives are to provide information about durability of ferrocement buildings and to
present possible problems and solutions during project execution.

The durability of ferrocement buildings is a topic which deserves a special study
considering the still relatively few experience accumulated. To better understand the related
features and later technological development, it is also important to analyse some of the
ferrocement implementation conditions in Brazil.

By the middle of 1989 the ABNT (Associacao Brasileira de Normas Tecnicas) through a
national election approved the standardization process CE 18:05.14-001 " Ferrocement Project
and Execution”, registered at INMETRO under number NBR-11173(2), which includes among
the provisions many features related to durability of ferrocement buildings.

This pattern specifies ferrocement as a particular type of reinforced concrete to be used in
small thickness mortar within classical definitions ,and steel wire mesh armature of limited
mesh interlacing, distributed all over the cross section, having the conventional value of
40 mm as the small thickness upper limit.

The present study establishes other supplementary definitions and conditions of material
applicability, execution techniques and project procedures, aiming to accurately evaluate the
known field of ferrocement technology [3].

Its usage is commonly recommended for buildings and parts in which reduction of their own
weight, permeability to water and cracks are essential.

Considering resistance, an idea of implementing gencral conditions, the current Brazilian
Standard sets up the following:

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

* University of Sao Paulo at Sao Carlos, Brazil.
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- at highly aggressive environments as well as at other adverse conditions related to durability of
the mortar and armature, special protective measures have to be taken, of proved efficiency;
- the execution of ferrocement without a quality control can only be made in small structures.

The application field is then conditioned to take into account the durability of ferrocement
building. It is however to be pointed out that many buildings had been constructed at highly
aggressive environments and micro-climates and showed satisfactory performance.

RECOMMENDATIONS

From the information obtained from building inspection, experimental laboratory researches,
project analysis and comparison with data from other technologies, recommendations were set up.
Some of these are effective and some are on conditional basis, as a partial synthesis of the
available data.

Such recommendations comprise questions about advantages and limits of material and
components used in a building, besides the construction process.

That means that, the level of technological adequacy of the possible solution, that is, if
the material and techniques chosen are able to meet the demands at each particular case must,
be evaluated. The technological adequacy can then be cxtended based on a set of decisions
made by the executor of a project or work, which must be sufficiently implemented in due
time, on the decision level ofthe knowledge or domain of building technologies and the field
where the intervention will take place. The competent technological adequacy exercise is not
easy, and is usually obtained through trial and error. Therefore, the presented indicators are
only a reminder on some aspects to be considered when planning and designing a ferrocement
building, as in this specific case.

The serviceability of a building, in general, depends upon the building patterns and their
functions, which also vary with the times; it is necessary then to evaluate the specific
possibilities of ferrocement for the particular case in question.

It seems relevant however to emphasize that ferrocement has been successfully used in
emergency building, for instance slums urbanizing.

To foresee the existence of slums and their existence for the next 50 years, for example, is an
atittude to be faced with least resistance. However, the conscientious application of a
technology to diminish the most adverse social and economical impactin the present, can be
seen as a trial of its preservation for more effective future application

The project must be sufficiently detailed, including all the possible execution hypothesis,
building usage and mantainance, at several identified phases. For instance, before a serviceable
life expectation a sensible evaluation of the micro-environmental and environmental
characteristics will give an answer to the following aspects: type of cement, armature
characteristic, thickness of cover, additional protective measure, building characteristics, main-
tenance program, level, and so on.

The recommendations presented below are not in priority order but asa partial list of items
to be verified:

Planning the Project
e The projects must be detailed as to contain all information for a perfect understanding of all

the productive process, inclusively from the presupposition that ferrocement technology has
no tradition in the professional applications.
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¢ It isnecessary to be able to integrate the projects: structure, protections, hydraulic, electric,

and so on, preventing all possible interferences. i . . .
e Once production process has been tested and refined, preferably in an interactive mode

between project and execution teams, the executive phase will have to perform its role in
transposing "abstract to real", without valuable interferences.

® Descriptive elaborate details of the project as well as complete description of all production
steps of the basic system must be included.

e All critical situations should be exhaustively studied until it is completely resolved.

e All hyphotesis must be rationalized to turn the project and its integrated parts into an easily
feasible project with good quality control.

e It is necessary to have complete technical specifications; itis necessary specially to have
complete details with new and special procedures.

e It is necessary to maintain a data bank, documenting all experiences and collecting
information about present tendencies and new advices.

Armature

e Effective characteristics of the employed steel and the commercial forms [panels, bobbins,
(spool)etc.] should be verified, for adoption in the standard procedures for quality control.

o In any situation, it is necessary to evaluate possible existing faults in wire mesh and bobbins,
the stretching out, the inspection, fixing and straightening needed before its usage.

e The several armature arrangements have to be tested, preventing possible unfavorable situations.

® The fringes should be considered in armature arrangements, preventing more unfavorable
situations when adopting a thickness for the elements.

e According to the Brazilian Standards - NBR 11173, arrangements with a unique steel wire mesh
are allowed in parts up to 20 mm thick; for thicker parts, two or more layers of wire mesh must be used.

® Wireand bar diameters (besides wire mesh) which make the armature should not be more than
1/4 of the part thickness or larger than § mm.

® The flexing plan and armature assembly sequence should be established.

e Flexing should be avoided in regions with low ductility and attention must be given 1o the
minimum radius of the curve allowed in cach case.

e All corners and extremities should contain, even constructively, at least a minimum 3 mm
diameter wire.

e It is necessary to adopt constructively a skin armature when h > 10 t (height related to
considered element thickness) composed by a minimum 4.2 mm diameter wires and distributed
along the cross section of the elements, according to NBR 6118, until researches and other -
scientific data are obtained concerned with ferrocement.

e The reduction to the extreme of elecment dimensions through excessively complex
armature arrangements should be carefully studied; this could not be constructively possible, for
it is better to elaborate moulds to ease armature positioning and adjustment, observing lack of
precision.

e Gaps are to be allowed in strategic position of the elements so as to absorb the effect of lack
of precision during execution.

e Certain problems could be diminished, by increasing thickness of the ferrocement in critical
regions giving better armature protection, which would allow the principal objective of permitting
a larger gap at armature production and assembly.

o Care should be taken when positioning the armature, considering its little stiffness and little
tolerances required.
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® According to NBR-11173, positioning armature tolerance, in relation to protection, is 2 mm.

e Armature preparation should be accomplished, generally with the aid of gauges.

o The usage of interlaced wire mesh, such as chicken wire mesh and a “sieve” type should
be wisely verified and its resistance should be established by experiments.

® The usage of expanded wire mesh can be carried out carefully, considering that there are
still little data about the subject, despite indications of good future outlook.

e Intermittent steel fibers, although there are few works related to ferrocement technology,
present good usage perspectives, considering that there is an enormous range of works in
the international literature. But their usage as well as their virtues and limits must be carefully
evaluated and previously tested as to justify the choice.

e Armature with different characteristics should be avoided in the same element in order to
prevent differences of electrical potential.

® When galvanized armature is used, zinc corrosion chemical inhibitor should be used in
previously analysed amounts.

® The fixing of all armature compounds can be made with overbolted wire, which will be a
part of the armature that should be protected taking into account the protuberances added to the
armature.

¢ In any sitvation a geometric rate of minimum armature of 0.60% should be adopted,
considering the two directions.

® Store skeletal steel, protecting them from adverse climate.

o The precast armature must be carefully checked with suitable gauges for each case.

o Other dispositions about armature ; like type and dimension of steel wire mesh ,armature wires
and bars , data about bond and anchoring, as well as other construction dispositions, are given by
NBR11173.

Cement and Aggregate

e The aggregates must be graded according to technical standards.

e Composition, quality, reactivity, eic, have also to be observed.

e In some cases use 40% of large aggregate, in relation with the total mass of aggregate, with
characteristic maximum dimension up to 9.5 mm, according to limitations of armature
arrangements and the formworks,

e Recommendations made by Tezuka (4), in "Practical Guide for the usage of Hydraulic Cements”
("Guia Pratico para o Uso de Cimentos Hidraulicos"), from Portland Cement Brazilian Association/
SP, can be used to choose cement type.

e ARI (High Initial Resistance) and ARI-E-MRS cement types can be used for ferrocement
elements, for quick demoulding.

e Lafuma’s advice, reported by Canovas (5), established the cement amount in relation to
aggregate dimension by Eq. 1, but observe the minimum value of 450 kg/m? and other specific
reccomendations.

_ 00 \ e )
) VD
Where, D__ = maximum dimension of aggregate (mm);

P =cement mass, minimum (kg);
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¢ Theratio between dry aggregate and cement mass can be up to 3.5, this is necessary to
consider all involved parameters in the production and usage of elements and systems;

Water

e The water/cement ratio should not be more than (.45, by volume but should not exceed
250 kg/m?, in usual cases; however in aggressive environments this value should be close to
200 kg/m?,

e Water must conform to the requirements of NBR-6118 and NBR-11173.

Additives and Admixtures

® The usage of additives and/or admixtures can bring benefits when improving the mortar,
and mixed according to instructions from suppliers since they know the interactions between
additive / cement and additive/additive, when it is the case.

o Trials should be accomplished for the usage of admixtures and additives, to predict actual
behavior (temperature, air relative humidity, mortar manipulation conditions, etc).

e Usage of admixtures and additives should be foreseen in project, as well as practical
orientations for previous analysis and usage.

e . Additives containing chloride should be avoided or carefully used.

e Some admixture with goodreaction in reinforced concrete can have opposite reaction in
ferrocement therefore it is necessary to check beforehand all instants of element fabrication.

Curing

e The curing of ferrocement elements should be done carefully, according to proportions and
specifications of the usual procedures of reinforced concrete technology.

e . Curing by immersion, chiefly when using metallic double formworks with minimum
requirements give satisfactory results.

e . In case of short-time demoulding, in general, the curing procedures should continue for a
period of 7 to 10 days in sawrated environment, or until the mortar reaches, at least, 70% of
its characteristic resistance to compression foreseen in the project, taking other conditions into
account, as for instance the usage of slow hardening cement, special requirements established in
project, etc.

e . Thermal curing is another possibility to be considered of special advantage in ferrocement
production, although there is notenough experiences to establish objective recommendations.
Until enough studies are available, one can initially adopt the procedure in the concrete field.

Formwork

e In case of usage of vibrating tables and easels, the formworks must be rigid enough to
transmit vibration to all points in the most possible uniform way.

® The formwork must be duly engaged and watertight, preventing emptying of cement paste
mainly at junctions.

e The formworks must be rigid enough as to prevent dislocations and deformations when
placing and thickening of mortar.
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o It should take accountand provide for the position of holes, insertions, raising handle, cuttings,
protuberances and the like, as well as respective dimensions and tolerances.

Quality Control

e In general, specifications of NBR-11173 should be followed.

¢ In the major part of the cases, it is necessary to adopt, as control, that mortar mix should be
according to standards, and should not be more than 1m?* to 3 m?®, considering that this amount is
enough to generate a large quantity of elements with variable characteristics.

e The time difference between the mortar mixing and its final application should not exceed
20 minutes.

In case additives are used, this time difference should be reevaluated.
When temperature variation is higher than 10°C, a new consistency test must be undertaken.
Moulding of ferrocement elements must be performed in protecied environment.

o Before the production it is necessary to choose which plastering technique brings better
result.

® Good workmanship in ferrocement buildings can be obtained with suitable fraining, with
emphasis on controls and techniques.

¢ It is desirable to have professional supervision in several areas, in order to obtain the many
techniques and respective control requirements: e.g. mixing of mortar, armature production,
formwork , plastering, curing,storage, assembly, etc.

o For definition of inspection parameters in relation to corners, colour, burrs, texture, bas-relief
and the like, the manufacturer or the contractor must show representative samples of the specified
quality, which must be checked by the owner and used for comparison for the quality control of
the finished work. :

e The part of the building in ferrocement are considered acceptable if the project
specifications, execution and quality control conformed to accepted standards.

Environment

o According to NBR11172, in highly aggressive environments as well as in other conditions
adverse to durability of mortar and armature, special measures for protection of proved efficiency
must be used.

® Flat covers, beams-gutters, etc, even in an environment with rural characteristics can be
considered in "medium aggressive” environmentup to "highly aggressive” environment, depending
on circumstance.

® Reservoir covers and closed galleries upper parts must be considered as aggressive
environment.

* Consideration of galleries which receive only fluvial affluents must be carefully made,
considering that the situation, at least in Brazil, has been constantly changed by clandestine
drain. :

e Any exposed surface of ferrocement must be considered as in a least medium aggressive
environment.

e  Protected elements but exposed to water should also be considered as in a least medium
aggressive environment, varying the degree according to function of usage (example: kitchens, bath-
rooms, toiletes, places of public crowd, etc.).

® In regions with great humidity , such as maritime and industrial regions, structures must
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be considered as in an aggressive environment.

® Armature cover in compressed regions can reach upper value of 6 mm and in case of
medium aggressive environments this value must be at least 10mm, unless a protective cover is
used, as well as regular maintenance.

¢ In case of tractioned regions, the cover should not exceed 6 mm, considering that, in highly
aggressive environments, it should get additional protection.

Protective Measures

¢ The adoption of protective measures, as covers and painting, must be based from
experiences or according to tests of the specified product performance potential.

¢ The literature has reported that the incorporation of hydrorepellent in concrete has proved
inefficient in more severe cases, but they can be applied as complementary surface protection in
less severe situations.

¢ Protective covers must be applied according to specific recommendations, taking into
considerations relative dislocation occurrence between the cover and mortar surface or between
cover layers,

e One cannot think of adopting extra protections, considering initially a doubtful quality
mortar and ferrocement element.
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Ferrocement and Replica Ships

Lawrence M, Mahan *

Future mainlenance and repairs for wooden replica ships can sometimes cost as much, if not
more, than the original construction budget. If the hull portion of the building process was
constructed using ferrocememt as the building medium, future maintenance and repair
expenditures would be lessened to a great degree.

Ferrocement as a hull material can reduce this high maintenance overhead to a minimum
and the savings can be used to keep exposed woodwork and irim in proper condition. An example
of this type of hull material is described in this paper. By adhering 1o traditional wood building
methods for all the train and railings, the look of a period is maintained with the benefit of a no
row and low maintenence hull and deck struciure.

INTROBUCTION

During the past twenty years, many maritime organizations and museums have elected to
construct period replica vessels. Some of the motives have been hisiorical but most of the vessels
were built either for publicity or revenue gencration. Authenticity was not always the main
theme as some of the ships were to be uscd for sail training or other programs. This meant cerlain
current government regulations had to be met for safety reasons resulung that many original
aspects of construction of design needed to be changed to conform to the regulations.

Most of the changes needed caused litle concern as the visual look of a period vessel did not
seem 10 be seriously effected. These structural and safety modifications also apparently do not
alter a person's opinion as 1o whether or not the historical vision of the ship has changed. Most
people think not. Since the previously stated changes do not basically elfect a person’s idea
of historic ships why not use more practical building materials for hulls and decks?

Every naval architect knows the severe wood deterioration problems a wooden vessel endures
throughoul its life. The following group of historic ship replicas, with the exception of the Sea
Lion, have had severe and costly repairs done to planking, frames and decks.

The May flower, launched in 1956, has had numerous planking repairs along with exiensive
other work about every fifieen years since it was built (Fig. 1). Even now, several deck beams have
developed serious rot 10 he extent thaton a recent sail, the first in many years, one of the deck
beams collapsed due to sailing strains.

A typical rot section shows how serious this problem can be (Fig. 2). This area has broken
apart and other wood has been fitted to carry the load. Repairsto structural knees become
very involved and are [abor intensive. All of this ongoing repair work appears on a rcgular
basis at considerable expense. Recently, a ship called the Rose, launched in 1969, has had over
1.5 million dollars spent o repair upper hull planking and frames.

Taking all this into account, it is proposcd that some future period vessels be constructed utilizing
ferrocement as a hull and deck malerial, A low maintenance and rot free hull and decks would be

* Schooner Larinda, 737 Race Lane, Marstons Mills, MA 02648, LLS.A.
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Fig. 3. The standard removeable pipe mould meihod.

cement work, The hull was plastered from in to out and work starting at seven in the moming, was
completed by six in the evening. The hull surface amounted 10 312.5 m? (3200 ft) and 130 people
were required to complele the plastering phase.

The decks were individully donc at later stages with small groups of plasterers. Carrying over
the hull cement onto the deck by one foot realizes a tremendous suuctureal advantage. Using this
idea, the weak hull/deck intersection of separate cementings was avoided.

Inside the hull, web frames(Fig.4) were also cemented al the same time as the hull and at the
deck/mull intersection, great strength was derived this way. Starter mesh and rods were lefi
protruding to connect with the future deck and deck web frames. Lower deep floors, or short
bulkheads, were plastered later along with the full size bulkheads.

Iig. 4. Plastering of web frames.
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were fitted. Holes were drilled through the ferrocement stem for fastening the side pieces.

Planning the aft deck bulwarks involved making a temporary mould sysiem in order 1o plot
the correct angles and curves {or posts and planking. All of the posts, with the exceplion of a
through deck post at the forward end of the afl deck, were fitted and sel up as done on the forward
deck. The through deck post was fitted 10 mainlain needed strength at the rail end. Holes cut in
the deck were made by drilling multiple holes along marked lines and knocking out the
reselting plug. A small impact drill was used for all cement drilling. Any steel that was met
was cul out with an oxygen/acetylene worch or cut-off wheels, All openings were then smoothed
off with various sized grinding stones.

After the post was fitted and bolted in place the rest of the bulwark posts were made and drilled
for through bolting 10 the deck. A special drill system was set up in order that the long holes needed
could be accurately drilied.

All of the deck covering boards were bedded in an epoxy compound for a perfect fit to the deck
surface. When the boards were bolted in place the buiwark posts were set. Every other post was short
and these provide a mounting point for the cap rail that fils over the side planking.

The large railing posts werce bolted in posilion and the bulwark rail cap can be lowered into
position and through bolted to the short posts. Side planking can now be filted similar 10 the
center deck.

The quarter window opening edges were filied 10 provide a flat surface for mounting the lexan
light. An epoxy filler was made from small sawdust particles mixed with epoxy to the required
density for non-sagging placement. A temporary mould was made and taped in position using
duct tape. The same saw dust cpoxy mix is also used o fill in the area at the hull, deck and
bulwark joini. Several coals were needed 1o realize a smooth invisible joint,

The final coat was done using an epoxy [iller without sawdusl. Paint was then applied w
completely hide the dissimilar surfaces. Woad trim for the quarter windows was fitied and through
bolied over the lexan lights,

Side rrim wood work was cut to fit and bent into position. 11 was then bedded in caulking
compounds and through bolied to the hull. Small 9,525 mm (3/8 in} galvanized carriage bollswere
used for the wim with 15.875 mm (5/8 in) carriage bolis holding the rub rail in position. Large
backing blocks of hard pine were used inside the hall for ceinforcement of the rub rail bolts.

Final color paints were added to visualize overall effect. The planking seams on the bulwarks
were filled and afler sanding and paint, the complete surface appeared as one.

Because of the large size timber used in the construction of the transom framing, correct size
bolis have 1o be placed in strongly reinforced areas. Inside the ferrocement hull, hard pine backing
of similar size was cut 10 shape and bedded in an epoxy compound to help reinforce this area,

All of he wood framing was contour fitted 1o the shape of the hull. By marking the hull with
coloring crayons, a wood (o hull contact pattern was made. All the high spots on the wood were
sanded or planed off and by repeatedly doing this, accurate fits against the hull were produced.

Filler blocks were cul 1o fit between the verticle framing and inside, backup blacking was set
in place for through bolting.

All of the ouiside framing was also bedded in an epoxy compound. The compound gives
perfect hull contact and also prevents water from entering this joint.

The 1op curve was defined with a long clear wood batten and filler blocks were cut 1o fit,
epoxied and bolted in position.

The transom frame, now complele, requires that the stcam bent cypress planks be fastened
into position. The cypress planking comes from an old water tank and is of perfectly clear stock.
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Use of Ferrocement Panels in Large Span Roofing System

S. F. Ahmed* and H. Dawood**

Prefabricated ferrocement panels offers a variety of possibilities to be used in many
locations where economy, ease of construction and aesthetics are of prime importance. The
objective of this paper is 1o discuss the design, fabrication, erection and construction technique
for shell-type ferrocement units used to cover a large span gymnasium, to form a composite roof.

Considerable saving in material cost, about 20 % and a substantial reduction of
construction time can be realized by employing ferrocement.

Based on the procedure described here, one industrial roof has already been built in
Jamshoro, Pakistan.

INTRODUCTION

For large span industrial buildings, it isoften difficult to select the most efficient roofing
system bascd on commonly availablec materials and technology. Normally mechanized prefabri-
cated systems, such as asbestos cement, galvanized iron sheets, and reinforced cement panels,
resting on main structural clements are considered. This calls for sophisticated water proofing
and drainage details along with vigilant supervision.

Ferrocement pancls, because of their low cost, durability, and crack resistance (by virtue of
shape) can effectively be used in such cases. The desired strength can be derived through
undulating shapes. Additionally if these are made composite with in situ concrete, it would lead
to many advantages which may not be offered by other flooring systems particularly asbestos
cement and galvanized iron sheets.

Simplified prefabricating system for ferrocement panels, using labor intensive process may
lead to more economy than normal large scale prefabrication system in areas where labor is
very cheap.

Based on these considerations a composite system using prefabricated shell-type ferrocement
panels was developed for a gymnasium building of square plan (36.5 m x 36.5 m).

REVIEW OF FERROCEMENT ROOFING SYSTEMS

A number of studies were carried out on the flexural analysis and design of ferrocement members
[1-5]. A variety of forms has been investigated for ultimate strength, flexural rigidity, crack
propagation and cracking resistance including V-U shaped folded plates, channels, I and hollow box
sections, and shells [6-9]. Typical ferrocement elements in use have been reported {10-12]. Elements
that can only be used in roofs are shown in Fig.1. Other shapes, shown in Fig.2 can be used as floors.
The ductility of such units, sometimes limit their use for large spans in case of floors. However, these

* Associate Professor and National Coordinator FIN (Pakistan), Civil Engincering Depanment, NED University of
Engineering and Technology Karachi-75270, Pakistan.

** Panteners, M/s Mustaq and Bilal Consuliing Engineers, 304, Noor Estate Shahra-e-Faisal Karachi-75350, Pakistan
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W
N XY

Cylindrical shells Modified cyiindrical shells
Corrugated roof Folded plate

in situ ferrocement

Folded plate Folded piate

Fig. 1. Typical ferrocement roofing elements.

thin elements may not offer adequate thermal protection for roofing. The cost of services thus
increases substantially. The composite system shown in Fig.3 may eliminate the above-cited
deficiencies but is likely to increase the weight to strength ratio. In addition, hollow core, I-
sections and ribbed slabs also pose difficulties in fabrication. It is therefore desirable to develop
asystem which is simple to fabricate and easy to handle which still contains all the merits
desired for certain buildings. A composite system using a partial prefabricating technique,
which satisfies all the requirements, has been developed.

Channel I - Section Box ~ Section T- Section

Fig. 2. Typical ferrocement floor elements.
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DETAILS OF THE DEVELOPED SYSTEM

The roof plan of the gymnasium building for University of Sind, Jamshoro is shown in Fig.4.
The main framing system of the 36.5 m span steel trusses spaced at 1.75 m, consists of
reinforced concrete beams framed to reinforced concrete columns at the periphery (Figs. 4-5).
Angle section steel purlins were spaced at 1.83 m on center with 6 mm mild steel bars welded at
350 mm as shear connectors (Fig.6). Shell type individual ferrocement units were placed side by
side on these purlins. A typical interior panel of the precast unit is shown in Figs.7-9.

SEQUENCE OF CONSTRUCTION.

Individual precast ferrocement units were cast in steel moulds using 1:2 cement- sand mortar
with water-cement ratio of 0.4 - 0.45. The 25 mm thick ferrocement shell panels were prefabricated
with 2 layers of 0.5 mm diameter chicken wire mesh and 100 mm x 100 mm of 3.25 mm diameter
wire fabric as shown in Figs.7-9. The shell units were kept under water for 7 to 10 days and air
dried before placing on purlins,

Scaffoldings was erected on the sides of the building to place the first row of precast units,
onel0 mm diameter mild steel bar was placed from purlin to purlin in the valley between two
precast units as shown in Fig.8. The placing of units progressed ahead in the same fashion to
reach the center. The in situ concrete was placed from periphery towards center thus forming
a composite system to act as an effective diaphragm to resist transverse and lateral loads.

The 1.75 m deep main trusses were cambered by 375 mm at the center for drainage of water,
Fig.5 further clarifies the drainage details at the ends.

250mm x 1.83m ( Panel)

o ¥
i 25mm TH (1:2)
‘ Cement sand mortar in situ conc
| w/C 04 0.45 | F———
M~
2]

100 mm
75mm

1.10mm @ / [ BRC fabric D83 2 Layers ~0.5 mmg@

MS bar 100x 100 mm 3.25mm @ chicken wire mesh

Fig. 8. Section showing details of composite panel.
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This system eliminated the vast formwork as the precast skin elements were capable of
resisting the load of fresh concrete and live load during construction, finally giving extra
strength and rigidity once the concrete hardened, when the system behaves as a composite.

PREFERENCE FOR SHELL FORM

For the ferrocement precast unit a shell form was preferred as alternative sections because of its
near perfect suitability, ease of fabrication, handling and rigidity. The smooth curved surface gave a
neat and pleasing appearance. A more efficient cross section also provided economy in materials.

200 mm

BRC fabric D83

“!K — - - T ; -
N LD T, T PRI
(’J Tw - in situ cone. i N i T

141.6mm@ Chicken wire 25mmTH
mesh

Fig. 9. Cross section of composite exposing details for end diaphram of the panel.

CONCLUSIONS.

The following conclusions and advantages are drawn from the application of the composite
developed:

1. The composite roof acts as a diaphragm and results in a reduced column section.
2. The composite is more durable than the conventional asbestos cement or galvanized iron sheets.
3. Quality control is not difficult.
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4. Major formwork is totally eliminated.
5. The form chosen gives a neat and clean appearance.
6. Drainage and water proofing details are simple.
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IFIC DATABASIE

The INFC database will save your time and effort in finding current information on ferrocement
and related construction materials. This database is created and maintained by the International
Ferrocement Information Center (IFIC), Asian Institute of Technology, Bangkok, Thailand using
UNESCO’s Computerized Documentation Service/Integrated Set of Information Systems (CDS/
ISIS). It covers ferrocement, the form of reinforced concrete which uses hydraulic cement mortar,
and closely spaced layers of continuous and relatively small diameter wire mesh reinforcements;
and related construction materials, such as steel fiber composites, bamboo fiber composites, natural
and organic fiber composites, and polymer composites.

IFIC regularly reviews over 100 journals, magazines, newsletters, digests and bulletins, in
addition to numerous monographs, reports, conference proceedings, theses, and materials supplied
directly by ferrocement builders and researchers. From these publications, articles on ferrocement
and related construction materials are identified, abstracted, indexed, and entered into the
bibliographic database. Each record contains the following primary information: author, title,
source, abstract and keywords; and secondary information; availability, date, language and type of
publication. INFC database is expanding at the rate of 300 records per year. From these records,
IFIC provides computerized bibliographic search services for requests on particular aspects of
ferrocement technology and related materials at the following rates:

Subscriber: US$40.00 per contact hour
US$10.00 up to S0 references
US$ 0.07 for each additional reference above 50

Non-Subscriber:  US$60.00 per contact hour
US$15.00 up to 50 references
USS$ 0.10 for each additional reference above 50

Precise description must accompany requests for search service so as to minimize costs.
Requests (particularly for letter and telex requests) must include the following: (a) brief but clear
summary of the research topic; (b) list of keywords and synonyms; (c) expected number of
references; (d) cost limitations; (e) output specifications (date and language restrictions); and
(f) degree of urgency of the request. The search print out contains a list of references, which may
include abstracts if requested.

Matenals listed in the bibliographic search print out are available from IFIC, but subject to
copyright restrictions. By quoting the accession number given at the top of each reference,
photocopies and/or microfiches of any document can be ordered at the rates given in page 321 .
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NEWS AND
NOTES

ETHIOPIA

Roughing Filters in Ethiopia

As population grows, pollution of the
rivers increases and this then calls for water
treatment facilities. In most cases, conventional
water treatment systems arc very expensive to
construct and run due to the complexity of the
systems, their need for imported chemicals,
sophisticated electrical and mechanical
equipment as well as the need for highly
trained personnel. Toovercome these problems,
a system of water treatment incorporating plain
sedimentation, horizontal roughing filtration
and slow sand filtration (SSF) with a capacity
of 92 m?/hr has been designed and constructed in
Ethiopia

Horizontal roughing filters (HRF) are
chambers filled with gravel ranging from
20mm-40mm indiameter. The presence of these
gravels give the filter a large surface arca to
obtain a very high turbidity removal. The walls
and floors of the HRF and sedimentation tanks
are constructed with 0.40 m thick stone masonry.
The top surface is plastered with a cement rich
mix on the chicken wire (ferrocement).

A surface loading rate of 20 m3/m?/day for
the sedimentation tanks, a horizontal flow rate
of 2 m/hr for the HRF while a filtration rate of
0.15 m3/m? hr for the SSF units has been adopted.

The chemical quality of the final effluent of
the SSF satisfies the WHO guidelines for drink-
ing water. Bacteriologically the influent showed
a faecal coliform count of greater than 16 MPN

inall seasons while the effluent from the SSF was
aslow as 2 MPN after 90 days of operation and nil
after 122 days. The entire system is being run and
administered by locally trained personnel.

(Senkut, M. 1991. Roughing Filters in
Ethiopia. Water and Sanitation News, NETWAS,
AMREF 1(5) :5-6.)

Guder Water Supply Project

The Ethiopian Government, through the
Water Supply and Sewerage Division, is under-
taking the Guder Water Supply Project. Recepi-
ents of the project are the factory and factory
workers in the town of Guder, 130 km west of
Addis Ababa. Under this project the following
ferrocement structures have been constructed :
two sedimentation tanks, six horizontal rough-
ing filters and four slow sand filters. The project
is under the supervision of Mr, Mesfin Shenkut,
head, Water Supply and Sewerage Division,
EWWCA. Mr. Shenkut was a participant of the
1983 Seminar cum study tour for African offi-
cials sponsored by the UNESCO, Division of
Water Resources and organised by IFIC and the
Continuing Education Center of the Asian Insti-
tute of Technology.

(For further information about this project
contact : Mr. Mesfin Shenkut, Head, Water Sup-
ply and Sewerage Division, EWWCA. P.O. Box
30504., Addis Ababa, Ethiopia.)
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IFIC REFERENGE
CENTERS

Ferrocement basic refercnce collection is available in the following IFIC Reference Centers. Each
Center has a resource person who will enteriain gueries on ferrocement.

ARGENTINA

Universidad Nacional del Sur

Civil Enginecring Department (Concreie Arca)
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.L.T.)
Civil Engineering Department

Khuina

Bangladesh

Resource Person: Mr. AK.M. Akhtaruzzaman

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

Civil Enginecring Department

Dhaka 1000

Bangladesh

Resource Person; Dr. AMMT. 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

Casilta 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 Matenals
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
Zootechnigues

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.0.T No. 3, Offcios, 172

P.O. Box 60, 10100 La Habana

Cuba

Resource Person: Mr. Fidel Delgado

ECUADOR

Pentificia Universidad Catolica del Ecuador
Facultad de Ingenieria

Apartado 2184

12 de Octubre y Carrion, Quito

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

E! Salvador

Resource Person: Ing. Roberto O. Salazar M,

ETHIOPIA

University of Addis Ababa
Facully of Technology
Department of Civi 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 Enginecring

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

Guatcmala 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

Facnltad De Arquitectura USAC

Ciudad Universitaria, Zona 12

Guatemala City

Guatemala

Resource Person: Lic. Ruquel P. de Recinos

HUNGARY

Central Library of the Technical University
of Budapest

H-111 Budapest

Budafoki Ul 4

Hungary
Resource Person: Dr. Eng. Imre Lebovits

Journal of Ferrocement: Vol. 22, No._ 3, July 1992

INDIA

Auroville Building Centre
Auroshilpham

Auroville 605 104

Tamil Nadu

India

Resource Person: Mr. Gilles Guigan

BAIF

Information Resource Center
Pradeep Chambers
Bhandarkar Institute Road
Pune 411 006

Calicut Regional Egnineering College
P.O. Calicut Regional Enginecring Collcge
Calicut 673601, Kevala

India

Resource Person: Dr. K. Subramania fyer

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. §.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.8.D. Thanvi
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INDONESIA

Hasanuddin University
Heavy Laboratory Building
Faculty of Enginecring
J1. Mesjid Raya 53, Ujung Padang
Indonesia
Resource Persons: Ir. J.B.Manga
fr. M. Amin layat

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

Indoncsia

Resource Person: Mr. Hurijanto Kaentjoro

University Lampung

Civi] Engineering Department
Kampur Gedung Menang

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 Engincering
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. Ismail Adnan B. A. Malek

Universiti Sains Malaysia

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

Malaysia

Resource Person : Ir. Mahyuddin Ramii

Universiti Teknologi Malaysia

Faculty of Engineering

Karung Berkunci 791

80990 Johor Bahru, Johor

Malaysia

Resource Persan: Dr. Mohd. Warid Hussin

MEXICO

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

Insurgentes Sur 1846

C.P. 01030, Col. Morida

Deleg, Alvaro Obregon

Mexico, D.F.

Resource Person: Ing. Ernesto Lira

Universidad Avtonoma de Nuevo Leon
Civil Engineering Institute

Civil Engincering Faculty

Apdo, Postal 17

San Nicolas de los Garza

Nuevo Leon
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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
5.P.0. Babar Mahal

Kathamndn

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, llorin

Nigeria

Resource Person: Dr, 0.A, Adelifa

PAKISTAN

NED University of Engineering and
Technology

University Road

Karachi - 75270

Journal of Ferrocement: Vgl 22, No. 3, July 1992

Pakistan
Resource Person: Dr. Sahibzada Faroog Ahmed

University of Engineering and Technology
Faculty of Civil Enginecring

Lahore 31

Pakistan

Resource Person: Professor Ziauddin Main

PAPUA NEW GUINEA

Village Industry Research and Training
Urit (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 Infanies

PHILIPPINES

Capiz Development Foundation
Indorporated

P.O. Box 57, Roxas City

Capiz, Philippincs

Resource Person: Engr. Lorna Bernales

Central Philippine University

College of Engineering

Jare, Hoilo City 5000

Philippines

ResourcePerson:Engr Prudencio L. Magallanes
Mindanao State University

Regional Adaptive Technology Cenier
Marawi City
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Philippines
Resource Person: Dr, Cosain Derico

MSU-Iligan Institute of Technology
College of Engineering

Department of Civil Engincering

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 . Alabastro

Tulungan sa Tubigan Foundation

2nd Floor, Dona Maria Building

1238 EDSA, Quezon 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 Bidg.

Diliman, 1101 Quezon City

Philippines

Resource Person: Professor Jose Ma. de Castro

POLAND
Technical University of Czestochowa

Working Group on Ferrocement

Polish Academy of Science
Department of Civil Enginecring
Al, Zawadakiego 27

3tt

42.200 Czeslochwa
Poland
Resource Person: Mr. Roman Gackowsld

PUERTQ RICO

University of Puerto Rico

Malerials Laboratory

Faculty of Engineering, Mayaguez 00708
Puerto Rico

Resource Person: Professor Roberto Huyke

REPUBLICA DOMINICANA

Universidad Catolica Madre y Maestra
Civil Engineering Department

Sanuiago de los Caballeros

Republica Dominicana

Resource Person: Prafessor Ing. O. Franco

ROMANIA

Institutul Politechnic

Laboraterul de Belon Armal

Sur. G. Baritiu nr. 25, Cluj Napoca
Romania

Resource Person: Ing. Ladislau Szigeli

SAUDI ARABIA
King Abdulaziz University

Department of Civil Engineering
P.O. Box 9027, Jeddah 21413
Saudi Arabia

Resource Person Dr. 5.1, Al-Noury

SIERRA LEONE

Water Supply Division

Leone House (3rd floor)

Siaka Stevens Streel

Freetown, Sierra Leone
Resource Person: A.E, Harleston
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SOUTH AFRICA

Division of Information Setrvices
CSIR

P.O. Box 395

Pretoria 0001

South Alfrica

Resource Person: Mrs. S A. Townsend

Portland Cement Institute

P.0O. Box 168

Halfway House 1685

South Africa

Resource Person: Engr. B.J. Addis

SRILANKA

National Building Research Organization
Building Materials Division

99/1 Jawatte Road

Colombo-5

Sri Lanka

Resource Person: Mr. Nandana Ranatunga

TANZANIA

Water Resources Institute

P.O. Box 35059

Dar es Sa laam

Tanzania

Resource Person: Benedict P. Michael

THAILAND

King Mongkut's Institute of Technology,
Thonburi

Faculty of Engineering

91 Suksawasdi 48, Bangmod, Resburana
Bangkok 10140

Thailand

Resource Person: Dr. Kraiwood Kiattikomol

Nakorn SriThumraj Technical College
Nakom Sri Thumraj Shipbuilding Center
Amphur Muang

Journal of Ferrocement: Vol. 21, Ne. 2, April 1961

Nakom Sri Thumraj
Thailand
Resource Person: Mr.Sorapoj Karnjanawongse

Nongkhai Industrial and Boatbuilding
Training Centre

Ampur Muang

Nongkhai 43000

Thailand

Resource Person: Mr.Songsawai Tiphyakongka

Prince of Songkla University

Department of Civil Engineering

P.O.Box 1

Korhong Hatyai

Songkla 90112

Thailand

Resource Person: Dr.Vachara Thongcharoen

Yasothon Technical College

Amphur Muang

Yosothon 35-000

Thailand

Resource Person: Mr. Surasak Arporntewan

TRINIDAD and TOBAGO

University of the West Indies
Deparunent of Civil Engineering

St. Augustine

Trinidad and Tobago

Resource Person: Dr, Robin W A, Osborne

TURKEY

Cukurova University

Civil Engineering Department

Faculty of Engineering and Architecture
Adana

Turkey

Resource Person: Dr, Tefaruk Haktanir

Dokuz Eylul Universitesi
Muhendislik-Mimarlik Fakultesi
Insaat Muhendisligi Bolumu
Bomova-Izmir 35100
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Turkey

Resource Person: Dr. Bulent Baradan
UGANDA

Integrated Rural Development Center
(ARDC)

P.O. Box 31

Lake Kante

Republic of Uganda

Uganda

Resource Person: Mr. John Baptist Kisembo
UNITED KINGDOM

University of Leeds

Civil Engineering Department

Leeds LS2 91T

UK.

Resource Person: Dr. G. Singh

University of Manchester Institute of
Science and Technology (UMIST)
Department of Civil and Strutural Engineering
P.0O.Box 88

Manchester M60 1QD

UK.

Resource Persons: Mr. Paul Nedwell

UPPER VOLTA

Comite Interafricain D'etudes Hydrauliques
BP. 369,

Ouagadougou

Upper Volta

Resource Person: Mr. A, Cisse

US.A,

Water Resource Research Center
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St. Thomas

V. L. 00802

U.S.A.

Resource Person: Dr. J. H, Krishna

VIETNAM

Institute of Communication and Transport
Ferrocement Center

Hanoi

Vietnam

Resource person: Mr. Do Toan

Polytechnic University Of Ho Chi Minh
268 Ly Thuong Kiet, Q10

Ho Chi Minh City

Yietnam

Resource Person: Mr. Do Kien Quoc

ZAMBIA

Department of Technical Education and
Vocational Training

P, O. Box 30029

Lusaka

Zambia

Resource Person: Mrs Shula

ZIMBABWE

University of Zimbabwe
Department of Civil Engineering
P.O. Box MP 167

Mount Pleasant, Harare, Zimbabwe
Resource Person: Dr. A.G. Mponde

University of Zimbabwe
Department of Civil Engineering
P.0. Box MP 167

Mount Pleasant, Harare, Zimbabwe
Resource Person: Dr. A.G. Mponde
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ANALYSIS OF CONCRETE STRUCTURES BY FRACTURE MECHANICS
Edited by L. Elfgren and 8. P. Shah

Proceedings of the International RILEM Workshop , Abisko, Sweden, June 28 - 30, 1989,
Published by Chapman and Hall, 2-6 Boundary Row, London SE1 8HN, England.

This book contain 21 papers, presented at the Intemational RILEM Workshop on Analysis
of Concrete Structures by Fracture Mechanics, organized by RILEM Technical Committee, held
in Abisko, Sweden on June 28 - 30, 1989, The papers have been divided into five sessions, covering
separatcly such topics as behavior of concrete, structural modelling, bending, shear, bond,
punching and anchorage. The workshop was dedicated o Professor Arne Hillerberg in
recognilion of his many outstanding contributions to this field. In addition to the presentations
and discussions during the workshop, as summarized by the authors, the volume also contains
some papers contributed by colleagues and friends of Ame Hillerberg.

305 + Xiv 160 x 240 mun; Hard bound 1997
ISBN 0412 36980 X English
0442 312644 (USA)
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ABSTRACTS

FP 186 BEHAVIOR OF WELDMESH FERROCEMENT COMPOSITE UNDER FLEXURAL
CYCLIC LOADS

KEY WORDS : design, fatigue, ferrocement, flexure, weldmesh

ABSTRACT : A new gualitative mechanistic model which is thought to reflect the behavior of
ferrocement in flexural fatigue more realistically is presented . In light of this model and test
results, the rectangular stress distribution assumption is found to be better for estimating steel
swress when designing a weldmesh ferrocement against fatigue. This design is facilitated by
using the fatigue behavior of only the reinforcement tested in the air. It is also shown that
the dominating design criterion is not the crack width but the steel stress for all common
structures.

REFERENCES : Xiong, G. J. and Singh, G, 1992. Behavior of weldmesh ferrccement composite
under flexural cyclic loads. Journal of Ferrocement 22(3):237-248.

FP 187 FLEXURAL IMPACT DAMAGE OF FERROCEMENT
KEY WORDS : ferrocement, flexural, impact, damage, strain, deflection

ABSTRACT: Lateral flexural impac! tests of ferrocement were performed under three point loading.
To understand the propertics of impact, test resulis are discussed on Lhe effect of striking velocity
on impact load, sirain, and deflection. Moreover, we studied the relationships between face strain
and deflection, and the absorbed energies oblained from load- deflection curves.

The strain at first crack in impact tests was approximalely equal to thal in static tests.
Localized damage occurred under the load right after impacl. A linear relationship was observed
between compressive strain and deflection after localized damage. The energy expended in impact
damage could be assigned to localized damage, crack opening, compressive lailure of mortar, and
bending of reinforcement. The energy of localized damage was in proportion 10 the drop height
of a striker and was 25 % of the input energy. For a specimen in which only cracks occurred,
85 % of the input energy were spent for a cracked damage, and 15 % remained as the recoverable
energy of deflection.

REFERENCE : Kobayashi, Y., Tanaka, Y., and Ono, M. 1992, Flexural impact damage of
ferrocement. Journal of Ferrocement 22(3) : 249 - 264,
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FP 188 FERROCEMENT DURABILITY: SOME RECOMMENDATIONS FOR DESIGN
AND PRODUCTION

KEY WORDS : ferrocement, durability, design, production, recommendation

ABSTRACT : This paper presents some recommendations for design and production of ferrocement
in order to eliminate the source of many pathological problems. These recommendations were
derived from an exhaustive program of technical inspections of existing ferrocement structures in
Brazil, that had been submitted to different climatic and environmental conditions.

Structures upto 30 years old, were examined and the main durability factors, both the positive
and nepative were identified. Design, production, maintenance and repair techniques were
identified, classified and the most appropriate for ferrocement applications in civil construction
were selected.

REFERENCES : Liborio, J. B. L. and Hanai, J. B. 1992. Ferrocement durability : Some
recommendations for design and production. Journal of Ferrocement 22(3): 265 - 271.

FP 189 FERROCEMENT AND REPLICA SHIPS
KEY WORDS : ferrocement, replica, ship, wood, hull, material

ABSTRACT : Future maintenance and repairs for wooden replica ships can sometimes cost as
much, if not more, than the original construction budget. If the hull portion of the building process
was constructed using ferrocement as the building medium, future maintenence and repair
expenditure would be lessened to a great degree.

Ferrocement as a hull material can reduce this high maintenenc overhead to a minimum and
short funding can be used to keep exposed woodwork and trim in proper condition.

REFERENCE : Mahan, L. M. 1992. Ferrocement and replica ships. Journal of Ferrocement 22(3) :
273 - 281,

FP 190 USE OF FERROCEMENT PANELS IN LARGE SPAN ROOFING SYSTEM
KEY WORDS : ferrocement, panel, large span, roof, building, lowcost

ABSTRACT : Prefabricaled ferrocement panels offers a variety of possibilities 1o be used in many
locations where economy, ease of construclion and aesthelics are of prime importance. The
objective of this paper is w discuss the design, fabrication, erection and construction iechnique
for shell-type ferrocement units to cover a large span gymnasium, to form a composite roof.
Considerable saving in material cost about 20 % and a substantial reduction of construction time
can be realized by employing ferrocement.
Based on the procedure described here, one industrial roof has already been built in Jamshoro
Pakistan.
REFERENCES : Ahmed, §. F. and Dawood, H. 1992. Use of ferroccment panels in large span
roofing system. Journal of Ferocement 22 (3): 283 - 289.
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| INTERNATIONAL
JMEETINGS

7-10 July 1992 : The Sixth International
Conference on the Behavior of Offshore
Structures, London, U.K. Contact : Mr. Robert
Gibbins, Boss 92 Secreteriat, 2 T avisiock
Place, London, U K. WC 1H9RA Tel : (071)837
6362. Fax : (071)837 082.

13-15 July 1992: The Third International
Symposium on Noteworthy Applications in
Concrete Prefabrication, Singapore. Contact:
John S.Y. Tan, Conference Director, 150 Or-
chard Road # 07-14, Orchard Plaza, Singapore
0923. Tel: 7332922. Telex: RS 33205 Fairco.
Fax: 2353530.

16-17 July 1992 : Post-symposium Seminar on
Design of Precast Concrete Structures, Hotel
Equatorial, Singapore. Contact : CI-Premier
Pte Ltd., 150 Orchard Road #07-14, Occhard
Plaza, Singapore 0923. Tel : 7332922. Fax :
235330. Telex : RS 33205 FAIRCO.

28-30July 1992 : International Conference on
Tall building " Reach for the Sky " . Kuala-
lampur, Malaysia. Contact: Mr.John §. Y. Tan,
Conference Director, CI-Premicr Pte Ltd., 150
Orchard Road # 07-14, Orchard Plaza, Singapore
0923. Tel : 7332922. Fax : 2353530. Telex RS
33205 FAIRCO.

3-7 August 1992 : 2nd International Sympo-
sium on Composite Materials and Structures,
Beijing, China. Contact : Prof. Tian-Xiang Mao,
Institute of Mechanics Academisa Sinicia, 15
Zhong Guancun Road, Beijing 100080, China.

25-27 August 1992 : 17th Conference on our
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.
Telex : RS 33205 FAIRCO.

7-9 September 1992 : International Workshop
on Blended Cements Its use in Concrete.
Hotel Equatorial, Singapore. Contact: John S.
Y. Tan, Workshop Director, 150 Orchard Road
#07-14, Singapore 0923. Tel : 7332922. Telex :
RS 33205 FAIRCO. Fax : 2353530.

7-10 September 1992 : Interdisciplinary
Research Conference on Materials for High
Performance, Birmingham, U.K. Contact :
Professor M.H. Loretto, IRC 92 Office, The
University Birmingham, U.K. B 15 2TT.

14 September-2 October 1992 : International
Course on the Earthern Architectural Heri-
tage, Grenoble France. Contact : CRA Terreag,
B.P. 2636, F 38036 Grenoble Cedex 2, France.
Tel : 7641439, Fax : (33) 76227256. Telex : 308
658 F CRATERE.

28-29 September 1992 : 2nd International Con-
ference on Inspection, Appraisal, Repairs &
Maintenance of Building & Structures, Hotel
Indonesia, Jakarta, Indonesia. Contact : Mr.
JohnS. Y. Tan, Conference Director, CI-Premier
Pte Ltd., 150 Orchard Road #07-14, Orchard
Plaza, Singapore 0923. Tel : 7332922, Fax :
2353530. Telex : RS 33205 FAIRCO.
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12-16 October 1992: Second International
Congress on Energy, Environment and Tech-
nological Innovation, Rome. Italy. Contact:
Segreteria ENERG2 Via Eudossiana, 18,00184
Rome, Italy. Tel: 39.6.44585260-44585255.
Fax: 39.6.4817245-4881759-4742647.

4-6 November 1992 : 2nd International Con-
ference on Deep Foundation Practice, Hotel
New Otani, Singapore. Contact : CI-Premier

Pte Ltd., 150 Orchard Road # 07-14, Orchard
Plaza, Singapore 0923. Tel : 7332922. Fax :
2353530. Telex : RS 33205 FAIRCO.

23-28 November 1992 : 9th International Con-
gress on the Chemistry of Cement Practice,
Hotel New Delhi, India. Contact : The 9th ICCC
Secretariat, National Council for Cement and
Building Materials, P.O. Box 3885, Andrews
Gang, New Delhi - 110 049, India. Tel ;: 91-11-
6440133, Telex : 031-66261 CRI IN. Telefax :
91-11-6468868.

March 10 1993 : International Symposium on
Cement and Concrete in the Global Environ-
ment, Chicago, Illinois, USA. Contact : Mr. Ste-
ven H. Kosmatka, Portland Cement Association,
5420 O1d Orchard Road, Skokie, Illinois 60077-
1083, USA. Tel : 708-966-6200. Fax : 708-966-
8389.

July 14-15 1993 : 4th International Confer-
- ence on Structural Failure, Durability and
Retrofitting, Singapore. Contact : Dr. M, A,
Mansur, Associate Professor, Department of
Civil Engineering, National University of Sin-
gapore, 10 Kent Ridge Crescent, Singapore
0511. Tel : (65) 772 2284. Fax : (65) 779 1635.
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30 August - 3 September 1993 : International
Symposium on Innovative World of Concrete,
Banglalore, India. Contact : Mr. R. Sundaram,
Chairman - Organizing Committee, Indian Con-
crete Institute, No. 2, UVCE, Alumni Associa-
tion Building, K.R. Circle, Bangalore - 56 0001.
India.

7-9 September 1993 : International Confer-
ence, Con crete 2000 : Economic and Durable
Construction through Excellence, Dundee.
Contact : Prof. R. K. Dhir, Concrete Technology
Unit, Department of Civil Engineering, Uiver-
sity of Dundee, Dundee, Scotland, U.K.,
DD14HN. Tel: 0382 307874. Fax : 0382201604,
Telex : 76293 ULDUND.

28-36 October 1993 : Second Asia-Pacific Sym-
posium on Research and Applications for
Rural Development, University of Roorkee,
Roorkee 247 667, India. Contact : V. K. Gupta,
Organising Secretary, Civil Engineering Depart-
ment, University of Roorkee, Roorkee 247667,
India. Tel : (01332) 2349, 2130 Ext. 685. Telex :
0597 201 UOR IN. Fax : 91-01332-3560 UOR
ROORKEE IN.

27-30 October 1993 : The Third Beijing Inter-
ational Symposium on Cement and concrete.
Beijing, China. Contact : Mr. Wu Zhaoqu, Di-
rector of Cement Research Institute, China
Building Materials Academy, Guanzhung, East
Suburb 100024, China. Tel : (86-01) 5761325.
Fax : (86-01)5961713.
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X
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i1

PUBLICATIONS

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

This publication discusses every aspect of
ferrocement technology: historical background,
constituent materials, construction procedures,
mechanical properties and potenltial applicalions.
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. Pama, 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 list of references
covering all aspects of ferrocement technology
and its applications. This first volume lists 736
references classified according to subject and
author indices. All listed references are available
atIFIC which can provide photocopies on request
at nominal cost. Ideal for researchers 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
Air mail

US$4.00
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 ensure better
workmanship and finished structures are
presented. Also included are additional readings
and sample calculations.

006 FOCUS

This pamphlet introduces ferrocement as a
highly versatile form of reinforced concrete used
for construction with aminimum of skilled labor.
Published in Bengali, Burmese, Chinese,
English, French, Hindi, Indonesian, Japanese,
Nepalese, Pilipino, Portuguese, Singhalese,
Spanish, Swabhili, 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. §

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.

USS$ 8.00
US$10.00

Surface mail
Air mail

009 SPECIALIZED BIBLIOGRAPHY

Housing Bibliographies Vol. 1 and Vol. 2
Marine Bibliographies Vol. 1

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

Surface mail
Air mail

US$2.00
US$4.00
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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. Mehia.

The proccedings provide an opportunity to
review and update the cxisting 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 I 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)

US$20.00
US$30.00

Developing Countries
Developed Countries

015 Ferrocement Corrosion (Proceedings
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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MEMBERSHIP

INTERNATIONAL FERROCEMENT SOCIETY (IFS)
Membership includes subscription to the Journal of Ferrocement

Surface Mail Airmail
[] Annual
Individual
Asia US$ 60.00 US$ 66.00
Outside Asia US$ 84.00 USS 96.00
Institutional US$ 120.00 US$ 132.00
Corporate* US$ 240.00 US$ 252.00

*

[ ] Five Years (for the price of four years)

Can nominate five names

Individual
Asia US$ 240.00 US$ 270.00
Outside Asia US$ 336.00 US$ 396.00
Institutional US$ 480.00 US$ 540.00
Corporate US$ 960.00 US$1020.00
SUBCRIPTION ONLY
JOURNAL OF FERROCEMENT
Surface Mail Airmail
[] Annual
Individual
Asia US$ 35.00 USS 41.00
Outside Asia US$ 55.00 US$ 67.00
Institutional US$ 85.00 US$ 97.00
[ ] Five Years (for the price of four years)
Individual
Asia US$ 140.00 US$ 170.00
Outside Asia US$ 220.00 US$ 280.00
Institutional USS$ 340.00 US$ 400.00
BACK ISSUES
Special Issues
* Marine Applications * Prefabricated Ferrocement Housing

(Vol. 10, No. 3, July 1980)
* Housing Applications

(Vol. 11, No.1, January 1981)
* Water Decade

(Vol. 1, No. 3, July 1981)

Cost per issue*

(Vol. 13, No. 1, January 1983)

* Water Resources Structures

(Vol. 14, No. 1, January 1984)

* Prefabrication & Industrial Applications

(Vol. 16, No. 3, 1986)

* Fiber Reinforced Cement Structures

(Vol. 18, No. 3, 1988)

* Marine Applications
(Vol. 19, No. 3, July 1989)

Cost per issue*

Surface mail Air mail
Individual USS$ 6.00 US$ 8.00
Institutional US$12.50 US$14.50 Surface mail  Air mail

* Agricultural Applications Individual USS$ 7.50 US$ 9.50
(Vol. 12, No. 1, January 1982) Institutional US$15.00 US$17.00
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Regular Issues

Vol. 8 (all issues)

Vol. 9 (all issues)

Vol. 10 (No. 1, No. 2, No. 4)
Vol. 11 (No. 2, No. 4)

Cost per issue*

Individual Institutional
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Developed countries
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postage.
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0 001 Ferrocement
Subscriber 14.00 12.00
Non-Subscriber 17.00 15.00

QO 002 The Potentials of Ferrocement and

Related Materials for Rural Indonesia
400 2.00:

- A Feasibility Study

Q 003 Ferrocement, A Versatile Construction
Material: It's Increasing Use in Asia

400 200
"0 004 Ferrocement and Its Applications - A
Bibliography, Volume 1 400 2.00

0 005 DO IT YOURSELF SERIES
O Ferrocement Grain Storage Bin.

Booklet No. 1 400 200
Q Ferrocement Water Tank

Booklet No. 2 400 200
Q Ferrocement Biogas Holder ,

Booklet No. 3 400 200 -
O Ferrocement Canoe

Booklet No. 4 400 200
Q Ferrocement Roofing Element

Booklet No. 5 6.00 - 4.00
Q Ferrocement Biogas Digester ‘

Booklet No. 6 600 4.00
0 Ferrocement Canal Lining

Booklet No. 7 6.00 4.00
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Booklet No. 8 600 4.00

Q 006 Ferrocement Applications: State-of-the-
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O 007 ‘International Directory of Ferrocemment
Organizations and Experts, 1982-1984
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U Housing Bibliography,

—  Volume1 400 2.00
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400 2.00
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QO Volume 1 6.00 4.00
0O YVolume 2 8.00 6.00
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D ‘011 SLIDE PRESENTATION SERIES
Q Construction of Ferrocement:
Water Tank, SetNo.1
An Introduction to Ferrocement,
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Ferrocement - A Technology for
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Historical Development of
Ferrocement, Set No. 4
Introducing Bamboo as
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Q 012 VIDEO PRESENTATION SERIES
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O 0o 0o o
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No. 1
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Region B® 20.00 .
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of .the International Correspondence
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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

(¢) 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 totheir publication in the Journal of Ferrocement. There isno limit to the length of contributions
but it is 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. Eachreferenceshould be numbered sequentially and these numbers should appear in square brackets
[ ]in the text.

Typical examples are:

1.  Broutman, L.J., 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. lustrations should be numbered consecutively and given proper legends and should be attached to
the end of the manuscript.
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