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The International Ferrocement 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 the 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 ferrocemcnt 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to collect information on all forms of ferroccmcnt applications either published or unpublished. This 
information is 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, Ferrocemcnt Abstracts, bibliographics and reports. FOCUS, the 
information brochure ofIFIC, is published in 19 languages as part of IFIC's aucmpt to reach out 
to the rural areas of the developing countries. IFIC is compiling a directory of consultants and 
ferroccmcnt experts. The first volume, International Directory of Ferrocement Organizations and 
Experts 1982-1984, is now being updated. 

To transfer fcrroccmcnt technology to the rural areas of 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 training programs for Indonesia and Malaysia; a regional 
symposium and training course in India; a seminar to introduce fcrroccment in .Malaysia; another 
seminar to introduce fcrroccmcnt to Africans; study-tour in Thailand and Indonesia for African 
officials; the Second International Symposium on Fcrroccmcnt and a Short Course on Design and 
Construction of Fcrroccmcnt Structures, and the Fcrroccmcnt Corrosion: An International 
Correspondence Symposium. IFIC has successfully established the Fcrroccmcnt Information 
Network (FIN), the IFIC Reference Centers network and the IF!C Consultants network. IFIC has 
promoted the introduction of ferroccmcnt technology in the engineering and architecture curricula of 
144 universities in 50 countries. Currently, IFIC is involved to strengthen the outreach programs of 
the nodes of FIN. 
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IFIC on the occasion of its 15th anniversary will launch the International Ferrocement 
Society {IFS) in Havana. Cuba during the Fouth International Symposium on Ferrocement IFS was 
founded to coordinate and to cater to the needs of practitioners, engineers and researchers on 
application, development and research on ferrocement. Its aims are to unify experts, users, builders 
and manufacturers; to provide forum for the exchange of ideas, enchance collaboration and 
cooperation; and also to promote the use and utiilization of ferrocement 

The IFS offers three types of memberships: 

• Charter membership open to selected individuals before 31 December 1991. 
• Regular membership open to engineers, researchers and users of ferrocement. 
• Honorary membership offered to a person of eminence in ferrocementor a related field who has 

made or may make substantial contribution to the Society. 

We are inviting the readers of the Journal of Ferrocement to be a member. Your priviledges as 
IFS members are; 

• Priority right to participate in international symposia and other activities organized by IFS in 
any part of the world at reduced fees. 
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• A certificate of membership. 
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• Opportunities to work with IFS committees. 
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Behavior of Ferrocement Material Under Direct Shear 

G.J. Al· Sulalmanr and I.A. Basunbul' 

The behavior of ferrocemenl under direct shear was investigated by conducting axial compres­
sion lesls on Z-shaped specimens reinforced with woven wire mesh producing pure shear on the shear 
plane. The major study parameters were the volume fraction of wire mesh reinforcement V

1
, the shear 

plane and mortar strength. Test results indicate thatferrocemenl under direct shear exhibits two 
stages of behavior (cracked and uncracked) while under flexure it exhibits, a third stage (plastic stage) 
in addition. The cracking and ultimate shear stresses increase with increasing mortar strength and 
wire mesh reinforcement. Empirical equations have been developed here using regression analysis 
lO predict the cracking and ultimate shear stresses in terms of the mortar tensile strength!, and v,. 
The lest results also indicate that the shear stiffness in the uncracked stage is not significantly affected 
by the amount of wire mesh; ii is mainly affected by the mortar strength. The shear stiffness in the 
cracked stage is affected by both amount of wire mesh and mortar strength. Ductility of ferrocemenl 
material under direct shear increases with increasing wire mesh reinforcement and decreases with 
higher mortar strength. 

INTRODUCTION 

Innovative techniques in the use of ferrocement as a construction material have led research on 
this material to progress at a fast pace in order to develop design and construction guidelines 
controlling its different behavioral aspects (flexural ... etc.). The behavior of ferrocement in flexure 
has received adequate attention by many researchers and it has been observed to be very similar to that 
of reinforced concrete members [1-4]. However, ferrocement subjected to shear has not received the 
same level ofauention; little research is reported in the literature on the behaviorof ferrocement under 
shear. This is probably due to the fact that it is mainly used in thin shell elements where shear stresses 
are not a critical design consideration. But the new developments of ferrocement warrant the study 
of its shear behavior. 

Mansur and Ong [5] have studied the behavior in shear of ferrocement reinforced with welded 
wire mesh by conducting flexural tests on simply supported rectangular beams under two symmetrical 
point loads. The major variables of the study were the shear span-to-depth ratio alh, volume fraction 
of reinforcement V

1
, strength of mortarJ:', and the amount of reinforcement near the compression face. 

Their test results indicate that the diagonal cracking strength increases as a/h ratio is decreased and 
V

1
,J:' and reinforcement near compression face are increased. Empirical equations are proposed to 

predict the diagonal cracking strength of ferrocement Ferrocement beams are found to be susceptible 
to shear failure at small a/h ratios when v,.f'c are relatively high. In general, however, shear failure 
is preceded by the attainment of flexural capacity. 

The study by Al-Sulaimani, et al. [6] on the flexural strength of flanged beams (I-beams and 
hollow-box beams) indicates that wire mesh reinforcement in the webs of these ~s plays an 

• Department of Civil Engineering, King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia .. 



110 JowrNJl ofFerrocetMnl: Vol. 21, No. 2, April 1991 

important role in increasing their ultimate flexural capacity and also safeguards against premature 
shear failure. A study by Saleem (7) on the flexural behavior of ferrocement sandwich ribbed panels 
has shown that wire mesh reinforcement in the ribs enhances their shear capacity. Panels with no mesh 
reinforcement in the ribs have shown sudden shear failure. The shear capacity of the panels is 
increased as the mesh reinforcement in the ribs and number of ribs are increased. 

Lua and W anrioj (8) studied the effect of galvanized welded wire mesh as shear reinforcement 
when it was used with shotcrete for strengthening of reinforced concrete beams. Test results showed 
that wire mesh acting as shear reinforcement was fully effective. The failure mechanism of the beams 
changed from shear failure to flexure when strengthened by ferrocement layer. Chitharanjan, et al 
(9) studied the effect of adding chicken mesh to reinforced aerocrete beams. Their test results showed 
that provision of web reinforcement would improve the shear resistivity, provision of chicken mesh 
induces aggregate interlock force by increasing the tensile strength of aerocrete, and the increase in 
the number of chicken mesh caging improves the ductility of the member but not the ultimate moment 
capacity. 

The behavior of fcrrocement hollow box-beams under transverse shear has been studied (10) 
by conducting flexural tests on 15 beam specimens. The major parameters used were amounts of wire 
mesh reinforcement in webs and in flanges of the beam and shear span to depth ratio alh. Test results 
indicate that cracking and ultimate shear forces increase as wire mesh in webs is increased; placing 
wire mesh in flanges also increases shear resistance through arresting the tension cracks and causing 
them to be finer. Hence, the shear behavior is studied with relation to the total volume fraction of wire 
mesh reinforcement V1 which includes mesh reinforcement in both webs and flanges. The cracking 
and ultimate shear strengths also increase as the alh ratio is decreased. The ACI equation for shear 
strength of conventional reinforced concrete beams without web reinforcement underestimates the 
cracking shear strength of ferrocement box-beams. Hence, an empirical equation has been developed 
using multiple regression analysis to predict the strength of ferrocement box-beams under transverse 
shear. 

In this paper, the behavior of ferrocement under direct shear is investigated as mortar strength 
and amount of wire mesh reinforcement are varied. Empirical equations are proposed to predict the 
cracking and ultimate stresses of ferrocement under direct shear. 

EXPERIMENT AL PROGRAM 

The behavior of ferrocement material under direct shear was investigated by conducting axial 
load tests on direct shear specimens. This type of test gives an indication of the shear strength of 
ferrocement under pure shear which is considered as a basic mechanical property as the tensile strength 
under pure tension. The major variables of the study were amounts of wire mesh reinforcement in the 
shear plane and mortar strength. The specimens were divided into four groups I to IV, according to 
the amount of wire mesh reinforcement; each main group is subdivided into three subgroups according 
to mortar strength (Table 1) with three specimens in each subgroup. Hence, the results presented for 
each subgroup are really the average of three specimens. 

The direct shear specimen used in this study has Z-shape as shown in Fig. 1; it has a width of 
300 mm, 100 mm thickness and a height of 600 mm. There is a triangular notch in the middle of each 
side of the specimen to force failure along the shear plane which has dimensions of 30 mm x 220 mm. 
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Fig. 2. Schmatic drawing of direct shear 
test set-up. 

Table 1 Details of the Testing Program 

Subgroup· f'c (MPa) f, (MPa) 

0 I - 1 50.9 5.15 
I - 2 43.5 4.30 
I - 3 36.0 3.50 

0.0025 II - 1 52.9 5.10 
II - 2 40.2 4.20 
II - 3 34.8 3.60 

0.0075 III - 1 49.8 5.15 
III - 2 43.7 4.40 
III - 3 33.3 3.05 

0.0125 IV - 1 52.5 4.90 
IV - 2 42.8 4.00 
IV - 3 36.2 3.45 

• Three specimen in each subgroup (Total of 36 specimens). 
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The wire mesh layers are placed lo cross the shear plane. Regular reinforcing bars are placed top and 
bottom blocks of the specimens to avoid any premature failure of these end blocks. 

Ordinary Porlland cement Type I with beach dune sand (fineness modulus= 1.5) was used with 
cement lo sand ratio of 1 :2. The specimens were cast from concretes with w-c ratios of0.35, 0.45 and 
0.55 giving an average compressive strengthf'c of 51.5 MPa, 42.5 MPa and 35.0 MPa, respectively. 
For each batch, six 50 mm cubes and six briquettes with cross-section of 25mm x 25 mm were cast 
to determine the compressive strength (and tensile strength!, of the mortar, respectively (Table 1). 
Woven square wire mesh had an opening size D = 8.4 mm, wire diameter d., = 0.9 mm and average 
yield strength of 340 MPa. The amounts of wire mesh reinforcement were varied by varying the 
number of wire mesh layers crossing the shear plane (N = 0, 1, 3 and 5). 

The direct shear specimens were tested under axial compression loading to produce direct shear 
in the shear plane (Fig. 2). For this purpose, an INSTRON 1196 Machine with 250 kN capacity was 
used. Two Linear Variable Displacement Transducers (L VDT) were positioned on the specimen to 
measure shear displacements ( L1 in mm) versus applied load level (Pin kN) which is equal lo the shear 
load (V) applied on the shear plane; the two shear displacement measurements were then averaged and 
plots of applied shear V versus displacement were obtained. 

TEST RESULTS AND DISCUSSION 

Plots of shear force acting on the shear plane versus shear displacement (V - L1 ) were obtained 
from the recorded and reduced test data for the different study parameters, with three specimens for 
each parameter (hence, each V - L1 plot represents an average of three specimens). Figs. 3, 4, 5 and 
6 depict V - L1 plots for 0, 1, 3 and 5 wire mesh layers, respectively, with each figure showing three 
plots for the three w-c ratios used in this study. 

Ferrocement, when subjected to flexure, exhibits three stages of behavior: uncracked, cracked 
and yield or ultimate stage [1-4]. The third stage is an indication of the ductility that ferrocement 
possesses under flexure. On the other hand, Figs. 3 through 6 indicate the presence of only the first 
two stages (uncracked and cracked) while the third is absent from the behavior of ferrocement under 
direct shear within the range of the studied parameters. This substantiates the general statement that 
shear failure is less ductile than flexure. These figures show that the presence of the cracked stage 
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Fig. 5. V- L1 plots for group ill (3 layers). Fig. 6. V- L1 plots for group IV (5 layers). 

varies depending on the amount of wire mesh reinforcement; it is completely absent in the case of zero 
layer (plain concrete), and more present as the number of layers increases. 

The values of cracking shear load Ver (shear level at which the V - ..:1 curve starts deviating from 
linearity) and the ultimate shear load V 1111 were obtained from Figs. 3 to 6. These values were then used 
to calculate the average cracking shear stress fa and the ultimate shear stress fwA by dividing the shear 
load by the shear plane area (30 mm x 220 mm). The values for fer and f"" are tabulated in Table 2. 
The area under theV - ..:1 curve, which is an indication of the material toughness, is also shown in 
Table 2 for all the investigated direct shear specimens. Table 2 also shows the initial shear stiffness 
before cracking Gi calculated as fer divided by ..:1 er (..:1.,. is shear displacement at end of uncracked 
stage), and the reduced shear stiffness G, obtained by the following equation: 

(1) 

It is based on idealizing the V - ..:1 curve to be also linear in the cracked stage as in the uncracked stage, 
but having lower slope . ..:1"" is the ultimate shear displacement corresponding to V ..it· 

Effect of amount of wire mesh 

The test results presented in Figs. 3 to 6 and Table 2 clearly indicate an increase in the cracking 
and ultimate shear stresses of fcrrocement with an increase in the amount of wire mesh reinforcement 
As expected, an increase in mesh reinforcement leads to increasing ferrocement ductility and 
toughness in shear which is also shown from these figures and Table 2. However, the initial shear 
stiffness Gi does not change significantly with changing the amount of wire reinforcement Before 
cracking, shear stiffness (G) mainly depends on mortar strength, and the wire mesh plays little role 
in the stiffness. However, the shear stiffness in the cracked stage (G,) depends significantly on the 
amount of wire mesh since it becomes more effective as the mortar cracks. The stiffness in this stage 
reduces gradually as mortar cracks more and more; however, it is idealized in this study to be constant 
over the whole stage and calculated using Eq. 1, as mentioned before. 

Effect of Mortar Strength 

The plots in Figs. 3 to 6 and the results in Table 2 clearly show the effect of mortar strength on 
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Table 2 Test Results 

Group Subgroup r r"" G; G, Toughness a 

(MPa) (MPa) (MPa/mm) (MPa/mrn) (kN-mm) 

I- 1 5.1 20.0 4.7 
I-2 4.2 15.2 4.2 
I-3 3.4 11.0 3.5 

II II- 1 7.0 7.7 20.3 12.1 11.1 
Il-2 5.8 6.2 15.3 8.0 10.5 
Il-3 5.2 5.8 12.1 6.5 10.4 

III III- 1 8.6 12.8 20.3 13.6 37.4 
IIl-2 7.7 11.6 15.5 9.2 35.6 
Ill- 3 6.4 9.3 12.9 7.6 34.7 

IV IV - 1 10.5 15.2 20.1 14.9 51.6 
IV- 2 9.5 12.6 15.9 10.5 50.6 
IV - 3 8.7 10.8 13.1 8.5 46.6 

• Toughness is represented here by the area under the shear load-shear displacement diagram. 
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shear behavior. As mortar strength increases, the cracking and ultimate shear stresses, and initial and 
reduced shear stiffnesses increase. Toughness (represented by the area under the V - L1 curve) seems 
not to be affected significantly with mortar strength. On the other hand, ultimate shear displacement 
L11111 decreases with increasing mortar strength, as shown in Figs. 3 to 6, which is an expected behavior. 

Cracking and Ultimate Shear Stresses 

From the test results in Table 2, cracking shear stress fer and ultimate shear stress f_. increase 
as the mortar strength and amount of wire mesh reinforcement increase. An attempt is made here to 

develop expressions relating fer and fo11 to the mortar tensile strength!, and volume fraction of wire 
mesh reinforcement v, A regression analysis was conducted using the test results of the ferrocement 
direct shear specimens and the following expressions can closely predict the cracking and ultimate 
shear stresses for ferrocement under direct shear: 

(2) 

-r wt= / 1+ 900 VI (MPa) (3) 

Examining the factors multiplying Ve in Eqs. 2 and 3, it can be stated that the cracking shear 
stress fer is less affected by the amount of wire mesh while its effect is more in f_.. This is expected 
because, before cracking, shear behavior of ferrocement depends mainly on mortar strength, while 
after cracking it depends more on wire mesh than the case before cracking. 

Figs. 7 and 8 show plots for fer and fo11 versus V
1

, respectively; plots shown in each figure are 
for the different mortar strengths investigated. 

From Fig. 8, it looks that the f.i, expression overestimates the experimental values for specimens 
with five layers of wire mesh. This may be attributed to the premature failure in bond between mortar 
and wire mesh before achieving the desired shear failure. This bond problem seems to be further 
aggravated by the absence of a well compacted mortar around the wire mesh due to the large numbers 
of wire meshes (5 layers). This justification is substantiated by post-test examinations of the test 
specimens with 5 layers of wire mesh. 

CONCLUSIONS 

The following conclusions can be drawn from this investigation which studied the behavior of 
ferrocement under direct shear: 

1) Ferrocement under direct shear exhibits two stages of behavior namely cracked and uncracked, 
while ferrocement under flexure exhibits a third stage (ultimate or plastic stage) in addition to 

the uncracked and cracked stages. Hence, ferrocement is less ductile under shear than flexure. 

2) The presence of the cracked stage in ferrocement behavior under direct shear increases with 
increasing amount of wire mesh reinforcement. 

3) The cracking and ultimate shear stresses offerrocement increase with increasing mortar strength 
and wiremesh reinforcement; they can be predicted by the following empirical formulae: 
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't"c,=f,+450 V1 (MPa) 

4) The shear stiffness in the uncracked stage is not significantly affected by the amount of wire mesh 
while it is significantly affected in the cracked stage. However, the shear stiffness in both stages 
is affected by the mortar strength. 

5) Ductility of ferrocement under shear (represented by the ultimate shear displacement) increases 
with increasing wire mesh reinforcement and reduces with higher mortar strength. 

6) Toughness (represented by the area under the shear load - shear displacement curve) is not 
significantly affected by the mortar strength. However, it increases with increasing wire mesh 
reinforcement. 
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Effect of Repeated Loading on Crack Width of 
Ferrocement 

G. Singh* and M. Fong L. Ip** 
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Aferrocement composite has been studied under repeated loading in flexure. As apart of a large 
program, development of crack widths due to repeated loading are reported. Reliability of predictive 
models is discussed and a new model is proposed. Where knowledge of crack width is deemed to be 
essential it is recommended that the models should be used with due care and not without confirming 
their applicability through physical tests. 

INIRODUCTION 

Knowledge of the bchaviorof a material under static loading is not sufficient for all its applications 
and must be supplemented by an understanding of the fatigue properties. Ferrocement may sometimes 
be subjected to a large number of repetitions of fluctuating load, as for example in roof structures and 
marine applications. Unlike static behavior, fatigue behavior is gradual and progressive, albeit very 
complex. Most fatigue tests on fcrrocement have been performed under load control [1-10] and some 
[11,12] have been performed under controlled deflection. All these studies have thrown light on the 
complex interplay between the various extrinsic and intrinsic factors and some have produced 
predictive models for the designers. Now, one of the limiting criteria of design considered by designers 
is the crack width. A num bcr of researchers have suggested methods for prediction of crack widths 
for ferrocement under static loading. Let it be said at the outset that this prediction is very difficult 
and unreliable [ 13 ]. Howeveronly Balaguru et al. [6] have suggested that crack widths during fatigue 
loading can be predicted using the following equation: 

y = Ae8' 
where 

Y = average or maximum crackwidth 

A = value of Y at the end of the first half of the first loading cycle 

B = constant (fatigue contribution) 

r = cycle ratio (number of cycles/ failure cycles). 

The empirical equation for B was given as: 

B = 0.816 + 0.00445N - 0.495 x ms N2 :s; 1.67 

where, N = number of cycles to failure 
• Leaurer, Department of Civil Engineering, University of Leeds, Leeds, U.K. 

•• Slrucwral Engineer, Ove Arup and Partners, U.K. 
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A number of researchers have recognized that bond between mortar and wires plays an important 
role and Balaguru et al. also have taken into consideration the effects of deterioration of bonds. They 
claim their prediction model to be satisfactory. 

SCOPE OF INVESTIGATION 

As a part of a continuing program of research into the fatigue characteristics of ferrocement in 
normal and corrosive environmentthe authors have studied the effects ofrepeated loading on the crack 
development In this paper the results of the tests are presented and compared with the predictions from 
the above noted model and discussed. Another model is proposed and shown to be more suitable. 

MATERIALS, SPECIMEN PREPARATION AND TESTING 

Materials: 

Only one type of reinforcement was used for all the specimens. It was galvanized drawn square 
weldmesh of 6.35 mm x 6.35 mm x 0.71 mm diameter. The ultimate strength of reinforcement was 
403 N/mm2• The yield strength and modulus of elasticity were 345 N/mm2 and 140 kN/mm2 

respectively. 

The mix proportion was 1 :2.5:0.5 (cement:sand:water). The grading of the quartzite sand 
complies with Zone 2 limits of BS 882 (part 2):1973 [14]. Ordinary Portland cement, complying with 
BS12:1971 [15] was used. The average cube strength was 60 N/mm2

• 

Specimen Preparation 

The specimen size was 350 mm x 125 mm having a thickness of 30 mm. Six layers of weldmesh, 
fastened together, were used as reinforcement, thus giving a percentage of reinforcement of about 
1.14. No skeletal steel was used and 5 mm spacers were fastened onto the first layerofreinforcement 
to obtain a cover of 5 mm. 

The specimens were cast horizontally in groups of five in a steel mould. For each group of 
specimens cast, control specimens of mortar were cast at the same time. They consisted of six 100 mm 
cubes and six 500 mm x 100 mm x 100 mm beams. Immediately after casting, the ferrocement and 
control specimens were covered with hessian and polythene sheeting for 24 hours at a temperature of 
about l 90"C. The specimens were then demoulded and transferred to the curing room for further 
curing of 27 days at 20± l"C and relative humidity of98%. Some of these specimens were tested at 
the age of 28 days. The rest were divided into two groups. One group was kept in the curing room 
for various periods prior to testing. The other was preloaded and subjected to accelerated corrosion 
for various durations before testing. 

Corrosive Environment and Preloading 

This system [16] was similar to that used by Ravindrarajah and Paramasivam [17]. It provided an 
accelerated marine weathering condition. Loaded specimens were stored in this system for various 
durations. Splash zone is the most severe marine condition. It is just above the high tide level where 
there are build-ups of salt-spray, wetting-drying and freeze-thaw cycles. The main features of this 
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system were the cyclic temperature and moisture environments. The duration of each cycle was 
90 minutes, which included a 60 minute dry phase of warm air (70"C) and a 30 minute phase of full 
immersion (40"C). To simulate sea water and act as a wetting medium in the system, 3.5% NaCl 
solution was used. 

To ensure that the specimens were subjected to severe corrosive conditions, they were preloaded 
before placing into the storage tanks. The specimens were loaded to the maximum allowable service 
limiL The State-of-the-art Report on F errocement [ l] gives some guidelines for performance criteria 
In this study, the concerning allowable limits were tensile stress in steel reinforcement of 207 MPa 
and crack width of 0.05 mm. 

Testing Rig 

The testing rig consisted of a four point arrangement with a span of 300 mm and a constant bending 
moment zone of 120 mm. An upward jacking force was applied by a 20 kN hydraulic jack through 
a diaphragm. The whole set up was enclosed in a perspex box. A pump drew the salt solution from 
the tray at the bottom and supplied it on the top in the form ofa spray through a perforated copper pipe. 

Strain and deflection measurement were performed with demountable transducers made with 
spring steel and strain gauges, and were suitably waterproofed. 

Deflection was measured by using an ordinary stainless steel linear variable differential transducer, 
fitted with brass coverings to avoid water ingress. 

Data Logging System 

The system consisted mainly of a micro-computer, an interface and a bank of amplifiers. Eight 
channels which comprised of six from strain transducers, one from the L VDT and one from the load 
cell were used. An interactive computer program was developed to capture, retrieve, amplify and store 
the results. 

TESTING PROGRAM AND PROCEDURES 

A total of 60 specimens were tested for fatigue in flexure. They included four groups of fifteen 
specimens, one for each of the following curing conditions: 

1. 28 days of normal curing: no preloading: control specimens. 

2. 28 days of normal curing plus one month in the marine environment (450 cycles of exposure). 

3. 28 days ofnormal curing plus three months in the marine environment(1350cycles of exposure). 

4. 28 days of normal curing plus 7 months in marine environment (3150 cycles of exposure). 

Flexural fatigue tests were carried out at a frequency of 5 Hz under constant cyclic load. The 
maximum cyclic load corresponded to the stress induced in the outermost reinforcement expressed as 
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a percentage of its ultimate strength. For earlier groups, five specimens were tested for each maximum 
s~ level (nominal) of75%, 65% and 55%. The minimum stress level (nominal) of 12.5% was used 
for all tests. About one-third of the specimens were runouts in each of the two groups. Therefore, 
higher maximum stress levels of 80%, 70% and 60% were used for latter group. The minimum 
calculated stress level remained nominally the same. Failure was defined as fracture of the outennost 
reinforcement. The specimens which did not fail after two million cycles were tested to failure under 
static loading. 

A continuous spray of 3.5% NaCl solution was applied onto the specimens during the flexural 
fatigue tests. The permanent and cyclic deflection, the load and cyclic strains were measured by the 
data logging system automatically. Tests ran uninterrupted except when crack and permanent strain 
measurements were taken. In general, each interruption was about five minutes. 

After the specimens were broken either due to fatigue or static failure (of run-outs), the cover to 
outermost reinforcement and the specimen thickness were measured. The reinforcements exposed at 
the fractured surface were examined for the evidence of rust. 

RESULTS 

Typical examples of the changes in average crack width of control specimens with the number of 
cycles are shown in Fig. 1. Fig. 2 compares the behavior between the control specimens and older 
specimens stored in the curing room. The corrosive history did not appear to have any adverse effect. 
This is typically illustrated in Fig. 3. Fig. 4 shows typical relationships between average crack width 
and the cycle ratio. These plots follow a classical three-stage curve: a sharp rise in the beginning 
followed by a slow propagation followed in turn by an increased rate near failure. 
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Fig. 1. Average crack width vs. number of cycles 
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The empirical equation proposed by Balaguru et al. [6] was compared with the experimental data 
obtained by Ip [16]. It gives a gross underestimation of the crack widths as shown on Fig. 4. From 
the design point of view this can be hazardous. Therefore an improved model was sought through least 
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square regression performed on all the specimens, ignoring the data in the initial portion of the tests 
wherein the crack width prediction was found to be difficult. 

The following equation resulted: 

I 8
1
r C 

Y=Ae 

where Y = average crack width in mm 

A 1, B1 and C are constants 

For specimens that failed within 2 million cycles, 

A1 =0.0486 + 1.88 C, - 1x10-1 N 

B1 = 1.772 - 1.28 x 10'6 N ;:::O 

C = 0.0199 + 0.0001 lSN 

where, C, is the value of average crack width at the end of the first half of the first loading cycle. 
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A1 = 0.00942 + 0.406 C1 

B1 = 0 

c = 0 

In practice, the maximum crack width is of greater concern than the average crack width. The 
expected value of the ratio of the maximum to average width was found to be 2.03 with a standard 
deviation of 0.46. It should be noted that to avoid excessive time expenditure and too many runout 
tests all researchers perform fatigue tests in the stress range above a level which would be regarded 
as allowable steel stress. Below the maximum allowable stress level the crack width was not only small 
but no increase was observed under load repetitions. This is reflected in the above model for runouts. 

Balaguru et al. stated thatB in their equation represents the fatigue contribution. However, this B will 
cause an increase in crack width with increasing cycle ratio only if failure cycle number is less than 
1055. This becomes apparent when B is plotted against N using their equation (Fig. 5). Therefore 
this model is not suitable for predicting crack width. 

It has been shown [13] that even under static loading all the available crack-width prediction 
models are far from reliable. Fortunately the dominating design criterion is not the crack width but 
the steel stress which can be modelled reasonably reliably. Where knowledge of crack width is deemed 
to be essential phenomenological study of the composite in question is recommended [ 18]. 

For repeated loading the models require knowledge of crack width at the end of the first half of the 
first real loading cycle. The proposed model in the paper gives satisfactory predictions for the 
composite tested. 

CONCLUSIONS 

Crack width and its growth under repeated loading increases with level of steel stress. 
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For the composite and the testing conditions used in this work the accelerated corrosive environ­
ment did not have any adverse effect 

All the crack prediction models are based on phenomenological studies and therefore are 
applicable only to specific composites and should be used with due care and not without confirming 
their applicability through tests. Where knowledge of crack width is deemed to be essential the model 
proposed in this paper should give satisfactory predictions for the composite tested. 

REFERENCES 

1. ACI Committee 549. 1982, State-of-the-art report on ferrocement. Report No. ACI 549R-82, 
Concrete International 4(8) : 13-38. 

2. Bennett, E.W.; Fakhri, N.A.; and Singh, G. 1985. Fatigue characacteristics of ferrocement 
AC/ Journal : 129-134. 

3. Karasudhi, P. ; Mathew, A.G. ; and Nimityongskul, P. 1977. Fatigue of ferrocement in flexure. 
Journal of Ferrocement 7(2): 80-95. 

4. Singh, G. ; Bennett, B.W. ; and Fakhri, A. 1986. Influence of reinforcement on fatigue of 
ferrocement, The International Journal of Cement Composites and Lightweight Concrete 
8(3): 151-164. 

5. Picard, A., and Lachance, L. 1974. Preliminary fatigue tests on ferrocement plates. Cement 
and Concrete Research 4: 967-978. 

6. Balaguru, P.N.; Naaman, A.E.; and Shah, S.P. 1979. Fatigue behaviour and design of ferrocement 
beams. Journal of the Structural Division 105(S17): 1333-1345. 

7. McKinnon, E.A., and Simpson, M.G. 1975. Fatigue of ferrocemnt. Journal of Testing and 
Evaluation 3(5): 359-363. 

8. Paramasivam, N.C.; Das Gupta, N.C.; and Lee, S.L. 1981. Fatigue behaviour of ferrocment 
slabs. Journal of Ferrocement 11(1): 1-10. 

9. Raisinghani, M., and Sai, A.S.R. 1984. Creep and fatigue characteristics of ferrocement slabs 
Journal of Ferrocment 14(4): 309-322. 

10. Singh, G. , and Ip, L. 1988. Influence of a marine environment on flexural fatigue properties 
of a ferrocement, 525-542. In International Conference on Performance of Concrete in 

Marine Environment. 

11 Greenius, A.W. 1975. Behaviour of ferrocement underrepeated stresses, Journal of Structural 
Engineering (India) 2(4): 129-136. 



126 JowNll of Fc"occmenl: Vol. 21, No. 2, April 1991 

12. Singh, G. 1981. F1exural response of a ferrocement to constant deflection repeated loading , In 
International Symposium on Fe"ocement 2/1-7. Bergamo: Istituto Sperimentale Modelli e 
Strutture. 

13. Singh, G., and Xiong, GJ. 1991. How reliable and important is the prediction of crack width 
in ferrocement in direct tension. In print International Jownal of Cemenl Composites 

14. British Standard Institution. 1973. Aggregate from Natural Sowcesfor Concrete (Including 
Granolithic) - metric version, BS 882 (part 2). London: British Standard Institution. 

15. British Standard Institution. 1971. Portland Cement (Ordinary and Rapid Hardening) -metric 
version, BS 12. London: British Standard Institution. 

16. Ip,MF.L.1989. FatigueofFerrocementinaCorrosiveEnvironment, Ph.D. Thesis, University 
of Leeds. 

17. Ravindrarajah, R.S. , and Pararnasivam, P. 1988 Influence of weathering on ferrocement 
Properties, 1237-124 7 In Proceedings of the Second International Symposium on F e"oce­
ment, Bangkok: International F errocement Information Center. 



Journal of Femxemenl: Vol. 21, No. 2, April 1991 

The Experimental Behavior Of Ferrocement Flat Plate 
under Biaxial Flexure 

R.P Clarke' and A.K Sharma" 

127 

The results of an experimental program taking into account lamination effects are presented 
and discussed. Twenty-three (23) square, simply-supportedferrocement slabs were tested to failure 
under biaxial flexure. The program was designed to investigate the effects of certain variables on the 
strengths, toughnesses, and mid-point deflection characteristics of a slab. Test variables included the 
through-the-thickness orientation pattern of the meshes; the stacking sequence of the meshes; span­
to-thickness ratio and in-plane mesh orientation angle. It was concluded that lamination effects can 
considerably affect performance and should be considered in experimental work onferrocement and 
in the modelling of its behavior. 

LIST OF SYMBOLS 

[AJ = extensional stiffness matrix 
[BJ = coupling stiffness matrix 
[DJ = bending stiffness matrix 
E2 = transverse Young's modulus 
x =span-to-thickness ratio 
N = number of mesh layers 
0 = through -the-thickness 

orientation pattern 
INTRODUCTION 

h 
a 
p 
s.s 
y 
(} 

w 

=slab thickness 
=slab span 
= load per unit area 
= stacking sequence 
= normalized deflection 
= mesh orientation angle 
= deflection 

The majority of actual and potential applications of ferrocement incorporate plate or shell 
structural elements. Such applications include storage structures, roofs, wall panels, floor systems, 
boat hulls, pontoons and other marine structures, etc. There is still an insufficiently clear understand­
ing of the behavior of this novel composite structural material, which implies that much more 
experimental work is needed. This is evidenced by the fluctuating efficiency ratios (i.e. the ratio of 
test to theoretical ultimate moment or load} of current analysis approaches especially if mesh 
orientation angle is a variable [1-5]. 

To date experimental programs designed to investigate the behavior of ferrocement flat 
plates have been implicitly based on the premise of homogeneity [2-5]. Nevertheless, ferrocement can 
be classified as a laminated fiber-reinforced composite material which may have stiffnesses not 
possessed by homogeneous plates even if anisotropy is presumed [6]. In general, classical laminated 
plate stiffnesses are represented by the 3 x 3 matrices [A], [B] and [D] viz; the extension, coupling and 
bending stiffness matrices respectively [6]. The homogeneous plate stiffnesses can be shown to be 
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and Tobago, •• Senior Lecturer at The University of West Indies, SL Augustine, Trinidad, West Indies. 
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special cases of the [A] and [O] matrices while the [B] matrix is a consequence of lamination hence 
having no representation in homogeneous plates. The latter matrix basically states that if the laminated 
plate is subjected to a tensile or compressive load then curvatures and/or twists would also 
simultaneously occur and vice versa. The existence of this matrix in a laminated plate depends on the 
symmetry of the properties of the individual layers about the plate's mid-plane. Laminates in the 
aerospace industry are known to be significantly affected by certain elements of these matrices. 
According to Jones[?], knowledge of the effect of Al6, A26, 016, and 026 on the individual class 
of problems being considered by the analyst or designer is essential because even a small A 16or016 
might cause significantly different results from cases in which those stiffnesses are exactly zero; and 
only in the situation where Al6, A26, 016, and 026 are exactly zero can they be ignored without 
further thought or analysis. 

Stretching-shearing coupling occurs when the Al6 and A26 are non-zero and bending-twisting 
coupling occurs when the 016 and 026 are non-zero. When Bl6 and B26 are non-zero twisting­
shearing coupling as well as bending-shearing coupling simultaneously occur. 

The experimental program forming the basis of this report was therefore designed in 
consideration of the theoretically possible effects of lamination and this is reflected in the choice of 
test variables. 

lypicol ferrocement layer 

Fig. I. Sign convention for mesh orientation 8. 

EXPERIMENT AL PROGRAM 

The objective of the experimental program was to investigate the effects of (a) the through­
the-thickness orientation pattern of the meshes, (b) the stacking sequence of the meshes, (c) the span­
to-thickness ratio, and (d) the in-plane mesh orientation angle, on the strength and toughness of the 
ferrocement flat plates under biaxial flexure. 

The values chosen for the variables and their interpretations are as follows. The through-the­
thickness orientation pattern, o, had values of either 'constant' (i.e. c) or 'alternate' (i.e. al ). For any 
mesh angle (}, o=c if for all the meshes the sign of(} remains constant from top to bottom of the slab. 
o=al if the sign of(} alternates from positive to negative and so on to the bottom of the slab. The sign 
convention for (}is shown in Fig. I. The stacking sequence, s.s, had values of either 'symmetric' or 
'anti-symmetric'. This variable refers to the distribution of the properties of the layers about the slab's 
mid-plane. Since (} is considered as a property, s.s=asymm only if o=al and the number of layers 
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Table 1 Details of Test Specimens 

Group Slab alh h !CM N 0 s.s v, Description 
no. no. mm MPa % (fop to Bottom) 

A5 34.75 24.12 58.60 5 0 Coral sym 6.99 00/0/0/0/0 
2 30.77 27.24 58.60 5 60 c sym 6.20 60/60/60/60/(IJ 
3 21.86 30.08 58.60 5 60 al sym 5.62 60/-60/60/-(IJ/(IJ 

4 31.93 26.25 58.60 5 30 c sym 6.43 30/30/30/30/30 

5 33.30 25.17 58.90 5 30 al sym 6.71 30/-30/30/-30/30 
6 28.27 29.65 58.90 5 45 Coral sym 5.41 45/45/45/45/45 

A6 1 29.59 28.33 54.60 6 0 Coral sym 7.14 0/0/0/0/0/0 
2 6 60 c sym 60/60/60/60/(IJ/(IJ 

3 30.17 27.78 60.40 6 60 al asym 7.30 60/-60/60/-(IJ/(IJ/-60 

4 32.78 25.57 60.40 6 30 c sym 7.93 30/30/30/30/30/30 

5 34.41 24.36 47.50 6 30 al asym 8.32 30/-30/30/-30/30/-30 
6 29.68 28.24 47.50 6 45 Coral sym 6.81 45/45/45/45/45/45 

A7 29.96 27.98 58.40 7 0 Coral sym 8.44 0/0/0/0/0/0/0 

2 25.67 32.65 58.40 7 60 c sym 7.24 60/60/60/60/(IJ/(IJ/(IJ 

3 25.34 33.08 58.60 7 60 al sym 7.15 60/-60/60/-(IJ/(IJ/-60/60 

4 23.52 35.64 58.60 7 30 c sym 6.64 30/30/30/30/30/30/30 

5 24.44 34.29 58.80 7 30 al sym 6.90 30/-30/30/-30/30/-30/30 

6 25.10 33.39 58.80 7 45 Coral sym 6.72 45/45/45/45/45/45/45 

B 1 20.76 40.38 58.60 7 0 Coral sym 5.85 0/0/0/0/0/0/0 

2 21.11 39.70 58.60 7 60 c sym 5.96 60/60/60/60/(IJ/(IJ/(IJ 

3 19.09 43.90 62.80 7 60 al sym 5.39 60/-60/60/-(IJ/(IJ/-60/60 

4 21.74 38.56 62.80 7 30 c sym 6.13 30/30/30/30/30/30/30 

5 21.61 38.79 57.70 7 30 al sym 6.10 30/-30/30/-30/30/-30/30 

6 19.47 43.04 57.70 7 45 Coral sym 5.21 45/45/45/45/45/45/45 

LEGEND: 
a =span of slab h = slab thickness 
N = number of layers of mesh o = through-the-thickness orientation pattern 

asym =anti-symmetric of the mesh cage 
V

1 
=volume fraction f •• = compressive strength of the mortar 

8 =in-plane mesh orientation angle c constant 
s. s =stacking sequence al = alternate 
sym = symmetrical 
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of mesh is an even number; otherwise s.s=symm. The span-to-thickness ratios (i.e. alh) varied from 
approximately 20 to 35. The absolute values of (J were 0, 30, 45, and (i() degrees. 

Twenty-three slabs were divided into groups A and B with 17 in group A and 6 in group B. 
The 17 in A were further sub-divided into groups A5, A6, and A 7 of 6 slabs each except for A6 which 
had 5 slabs. The slabs were of square shape with a span of838.2 mm (i.e. 33 in.). The test specimens 
are described in Table 1. 

The wire mesh was of2 mm diameter galvanised mild steel which was square-welded with a 
spacing of 19 mm (i.e. 3/4 in.). The mesh wire had a Young'smodulusof62.87 GPa (i.e. 9116.15 ksi) 
and a yield strength of 250 MPa (i.e. 36.25 ksi). The mortar comprised of ordinary portland cement 
and locally available sand which was capable of passing 100% through a No. 8 sieve. A sand-to­
cement ratio of 2: 1 and a water-to-cement ratio of 0.45 both proportioned by weight were used. The 
water contained 300 ppm of chromium trioxide to prevent hydrogen evolution. 

A unifonn surface load was approximated by using 16 symmetrically placed point loads. The 
slabs were supported at the edges by resting simply on steel beams in a specially designed test rig. A 
self-loading test frame of 200 kN (i.e. 20 tons) static capacity was used. The load was read off a 
calibrated gauge and was applied manually in 2 kN increments until failure. Failure was defined as 
the point at which the slab took no further load but continued to deflect The mid-point deflection was 
measured at each load increment till failure using a dial gauge. 

PRINCIPAL TEST RESULTS 

The main test results are reported in Table 2 and shows the maximum load recorded in kN 
and the corresponding mid-point deflection in mm. The first crack load and corresponding mid-point 
deflection are also reported. The first crack load is defined as the load at which cracks were first 
observed with the unaided eye. 
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The descending order of ductility for the groups of slabs were as follows: B, A5, A6, and A 7 
and the the respective average ratios of first crack to ultimate load were 0.80, 0.82, 0.86, and 0.91. 

EFFECTS OF THE TEST PROGRAM VARIABLES 

Since span-to-thickness ratio was a variable, this implies that for any pair of slabs being 
compared there will be at least two variables which do not remain constant with one of them being the 
slab thickness. The effect of the other variable can be deduced if the effect of the thickness is known 
beforehand, given that there is a correlation between the observed parameters and the thickness. The 
parameters of interest were the strength (i.e. load carrying capacity) and the toughness (i.e. the area 
under the load-deflection curve) though quantitative values were only detennined for the former. 
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A statistical method was used to determine each slab thickness using the t-distribution and 
was such that the calculated thickness had a 95% confidence of being within I mm of the true mean 
thickness. 

An increase in slab thickness resulted in an increase in both strength and toughness. The 
average increase in thickness was 24% and this resulted in an average strength increase of 11.3%. 
Therefore quantitatively a I% increase in slab thickness resulted in a 0.4 7% increase in strength. This 
value was used to deduce the effect of the other variables where applicable. The assumed linear 
variation is valid considering the small differences in thickness of the relevant slabs. Typical load­
deflection curves showing the effect of the slab thickness are shown in Fig. 3. 

Through-the-Thickness Orientation Pattern, o 

In general, when o changed from 'constant' to 'alternate' there was an average strength 
increase of 5.3% with a maximum increase of 10.1%. However, there was a general decrease in 
toughness. Typical load-deflection curves indicating the effect of the orientation pattern are shown 
in Fig.4. 
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A decrease in both strength and toughness was observed when the stacking sequence was 
changed from 'symmetric' to 'anti-symmetric'. The observed strength decrease was approximately 
9.3%. The load-deflection curves showing this effect are shown in Fig.5. 

Span-to-Thickness Ratio, alh 

The effect of this variable was ascertained by plotting the normalized deflections at failure 
against the span-to-thickness ratios. The normalized deflection was defined [8] as w h '~JO 

4
1 pa 

4 
where 

w is the deflection, E
2 

is the transverse Young's modulus,p is the load per unit area, and a is the slab's 
span. The definition of normalized deflection follows from plate solutions which assume that there 
is negligible contribution to deflection from shear in the thickness direction of the plate (e.g. the Na vier 
solution). Since the terms are dimensionless, if that assumption is valid the normalized deflection 
would be constant for all values of alh. 

A polynomial regression analysis was performed on the resulting data points and the fitted 
curve is shown in Fig.6. The equation to the curve given in Eq. (I) is based on single precision floating 
point arithmetic. The span-to-thickness ratio is reperesented by 'x', and the normalized deflection 
by 'Y'. 
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2 3J 34 4J '56 

Y = 701.57 -67.Z32x + 1.667 x -9.032xl0 x + l.9486xl0 x - l.0152xl0 x + l.3119xl0 x (1) 

Fig.6 indicates that for span-to-thickness ratios above about 25 transverse defonnation effects are 
negligible. 
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Fig.9. Load-deflection curves showing effect of number of mesh layers, N. 

In-plane Mesh Orientation Angle 

Fig. 7 shows the general trends observed. An increase in () from 0 to 45 degrees resulted in 
an averages trength increase of 24 .5 % and an increase in () from 4 5 to 90 degrees resulted in an average 
strength decrease of24.7%. The effect of() on toughness was found to be similar to that observed for 
strength. Typical load-deflection curves are shown in Fig.8. 

Number or Layers or Mesh, N 

Increasing the number of layers of mesh from 5 to 6 resulted in an increase in both strength 
and toughness. The average strength increase was 15.8%. On increasing the number of layers from 
6 to 7, again there was a general increase in both strength and toughness with the average strength in­
crease being 33.4%. Typical load-deflection curves indicating the effect of the numberof mesh layers 
are shown in Fig.9. 

DISCUSSION 

The behavior of slabs with respect to the variables h, () and N was as expected [1-5). 
However, with respect to variables o and s.s, one would not expect changes in strength if interpretation 
was based on elementary considerations. For the slabs being compared, since each mesh layer has the 
same component in the direction of loading it is logical to anticipate that in the thickness direction, 
strength-related properties are the same and hence the idealization of homogeneity is valid. Using 
Classical Lamination Theory (CL T) it can be shown that as o changes from 'constant' to 'alternate' 
for those slabs with an odd number of layers of mesh, there is a change in D 16 and D26. However, 
when the number of layers of mesh is an even number D16 and D26 become zero and B 16 and B26 
changes from zero to non-zero. It can be shown [9] that the strength criterion of,the laminate at failure 
is the determinant of the expression [D] - [B][A)-1 [B] is zero, hence the link between the aforemen­
tioned changes and the strength changes. 
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Table 2 Test Results 

Slab Age al lesl 1bickness Mortar comp. Max. load Max.deflection First crack Finl crack deflection 
(h) strength, f,. ( P •• ) «~ .. ) load, P., (4..) 

days mm MP a kN mm kN mm 

AS-1 28 24.12 58.60 95.19 35.99 76.19 25.65 

A5-2 28 27.24 58.60 111.19 41.95 94.19 31.10 

A5-3 30 30.08 58.60 101.19 39.70 83.19 29.50 

AS-4 30 26.25 58.60 99.19 37.19 78.19 28.88 

AS-5 28 25.17 58.90 109.19 31.30 87.19 22.63 

A5-6 28 29.65 58.90 123.19 41.10 104.19 30.30 

A6-l 31 28.33 54.60 101.19 38.00 84.19 26.00 

A6-3 28 27.78 60.40 120.19 41.00 94.19 25.12 

A6-4 28 25.57 60.40 121.19 39.00 108.19 32.30 

A6-5 28 24.36 47.50 107.19 46.00 94.19 33.13 

A6-6 28 28.24 47.50 97.19 33.00 87.19 27.72 

A7-l 29 27.89 58.40 119.19 36.40 119.19 37.00 

A7-2 29 32.65 58.40 133.19 40.00 127.19 37.10 

A7-3 34 33.08 58.60 137.19 41.00 125.19 33.50 

A7-4 34 35.64 58.60 153.19 39.00 140.19 32.85 

A7-5 30 34.29 58.80 155.19 37.05 148.19 34.75 

A7-6 30 33.39 58.80 159.19 40.10 132.19 30.83 

Bl 31 40.38 58.60 155.19 40.00 116.19 26.25 

82 31 39.70 58.60 145.19 39.50 133.19 33.18 

83 29 43.90 62.80 153.19 44.40 111.19 24.97 

84 29 38.56 62.80 153.19 42.30 129.19 31.95 

85 30 38.79 57.70 163.19 37.30 158.19 35.00 

86 30 43.04 57.70 155.19 48.15 111.19 39.60 

The effect of span-to-thickness ratio reflects the influence of transverse shear defonnation on the 
behavior and the limit beyond which the thin plate assumption is invalid. The fonn of the curve in Fig.6 
and the said limit are observed to be quite similar to those of other laminated, though non-cementitious, 
e.g graphite-epoxy [7]. The cause of the occurance is acknowledged as being the difference between 
the stiffnesses in its plane and in the thickness direction. 

CONCLUSIONS AND RECOMMENDATIONS 

The conclusions are as follows:-

1. Changing the orientation pattern of the meshes in lhe slab from constant to alternate increases 
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the strength but decreases its toughness if the number of layers of mesh is an odd number. 

2. Changing the orientation pattern of the meshes from constant to alternate decreases both the 
strength and toughness if the number of layers of mesh is an even number. 

3. For span-to-thickness ratios about 25 the behavior of ferrocement slabs under biaxial flexure 
is significantly affected by transverse shear deformation with the degree of significance 
increasing rapidly as the span-to-thickness ratio decreases. 

4. For square ferrocement slabs under biaxial flexure maximum strength is achieved if the angle 
of orientation of the meshes relative to the edges of the slab is 45 degree. 

5. For square ferrocement slabs under biaxial flexure minimum strength is achieved if the angle 
of orientation of the meshes relative to the edges of the slab is 0 degree. 

6. For square ferrocement slabs under biaxial flexure maximum toughness is achieved if the 
through-the- thickness orientation pattern of the meshes is constant from top to bottom of the 
slab and the properties of the mesh layers are symmetrically disposed about the mid- plane 
of the slab. 

7. For square ferrocement slabs under biaxial flexure minimum toughness is achieved if the 
through-the- thickness orientation pattern of the meshes is one which alternates from top to 
bottom of the slab and the properties of the mesh layers are anti- symmetrically disposed 
about the mid-plane of the slab. 

The reported strength changes of approximately ±10% as effects of lamination are not 
insignificant given current design philosophy (i.e. ultimate strength). Although the statistics of the 
program is such as to considerably limit the probability of making meaningful generalizations, it can 
nevertheless be concluded that the results suggest the need to consider through-the-thickness or 
lamination variables in experimental work on fcrrocement and hence in its modelling as well. This 
is an established fact in the analysis and design of non-cementitious laminates [7]. 

The authors recommend that more extensive research on the effects of these variables on 
ferrocement be made since it appears quite possible that situations can arise in which strength may be 
overestimated if they are neglected. 
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Use of Hard Grass Reeds in Ferrocement 

A.M. Waliuddin* and Pervez Brohl* 

An experimental pre-cast roofing element has been constructed for low cost roofing system. 
Hexagonal chicken wire mesh of 12 mm x 24 G, Hard Grass Reeds (HGR) locally known as 
"Sarkanda" and cement mortar were used in this roofing element. Cross-sectional area of the roofing 
panelis457mmx64 mm and the span is 915 mm.About40%ofthe cementitiousmaterials have been 
replaced by the HGR. These HGR have also been used to replace the steel reinforcement (skeletal 
steel) which is a costly material . to provide better thermal and sound insulation and to contribute 
in reducing dead load of the structure. Pre-cast roofing elements were load tested in accordance 
with BS/ CP-110 Part-1 : 1972 and were found strong enough to carry the required test load. 

INTRODUCTION 

At the National Building Research Institute, Karachi, Pakistan, Hard Grass Reeds (thatch grass) 
have been used with ferroccmcnt as a building material. The HGR is available in abundance in the 
natural vegetation in most part of the country and except for some scattered use in handicrafts and in 
some temporary structures it otherwise has no significant utilization. The HGR acts as filler, replaces 
cementitious materials partially and skeletal steel completely. It also reduces the problem ofthennal 
discomfort which occurs in the fcrroccmcnt roofing elements due to the relatively small thickness. It 
creates resistance in the path of heat transmittance and provides beuer thennal comfort in the low cost 
roofing system. The HGR contributed about 33% reduction in weight as compared with conventional 
system. The weight of each roofing element ( 915 mm x 457 mm x 64 mm ) is about 42 kgs only. 
To construct a full size roof, the above roofing clements may be simply supported on pre-cast 
reinforced concrete beams or steel beams of small sections to act as one way slab. The load bearing 
capacity of the roofing panels was checked and found to be adequate in accordance with the Code 
of practice for the Structural use of concrete BSI CP-110 : Part-1 : 1972. 

PROPERTIES OF CONSTRUCTION MATERIALS 

The physical properties of the materials indicated were determined. 

Cement: OPC Type -I from local market. 

Initial setting time : 170 minutes 
Final setting time : 250 minutes 
Compressive strength (for 28 days): 37.57 MPa. 

• National Building Research Institute, Karachi, Pakistan. 
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Water: Tap water (fit for drinking purpose) was used. 

Aggregate: Fine aggregate locally available 

Unit weight : 1794 kg/m3 

Specific gravity : 2.62 
Water absorption : 1.20% 
Sodium soundness loss : 3.0% 

Table 1 Sieve Analysis 

Sieve size (mm) % Passing 

10 100 

4.75 100 

2.36 87 

1.18 60 

0.60 30 

0.30 17 

0.15 6 

0.075 2 

Mix proportioning was so choosen that it can be easily followed by an unskilled person. 

Cement = 1 part by volume 
Aggregate (fine) = 4 parts by volume 
Water-Cement = 0.50 

Compressive strength of Mortar: 

7 days = 21.68 MPa 
28 days = 28.84 MPa 
Flexural strength of mortar (for 28 days) = 2.94 MPa. 

Wire mesh: Hexagonal, locally available 

Tensile strength = 331.09 MPa 
Thickness = 24 gage 

HGR: Hard grass reed - a natural fiber 

Tensile strength = 
Bond strength (HGR - Mortar) = 
Water absorption = 

68.96 MPa 
0.39 MPa 
70% 
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296kg/m3 

Bitumen coating was applied 

For casting the slabs a very simple type of wooden mold as shown in the Fig. I was used. 
Lubricating oil (mold releasing agent) was applied to the inner side of the mold and the mold was kept 
on a smooth and hard surface. 

I52mm 
12mm 

a. b. 

Fig.I. Wooden molds. 

The mature and dry HGR, having diameter I 0 mm to 12 mm, were cut to the required size and were 
coated by bitumen for its protection. Three layers of HGR, which equals to about 32 mm to 38 mm 
thickness, werewrappedbysinglelayer ofl2mm x24G hexagonalG.I. wire mesh. The HGRalong 
with wire mesh were placed into the mold leaving 25 mm cover from all the sides. The slabs were 
cast in two stages. (It could be cast in one operation but two operational casting is preferred to have 
a stronger bond in between the HGR bundle, wire mesh and bottom layer of mortar). In the first stage 
the four sides (25 mm cover) were filled and then about 12 mm thick I :4 cement mortar was applied 
over the top surface ofHGR. It was well compacted and smoothed off by a mechanical trowel (mold 
shown in Fig. la was used). In the second stage, the bottom surface was turned up carefully with the 
help of the mold after 24 hours and following a similar procedure as in the previous case, mortar was 
applied to the other unplastered side of HGR maintaining 64 mm thickness of the slab. 

CROSS SECTIONAL DETAIL SECTION A- A 

Fig.2. 
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In this case four small wooden pieces (I 2 mm thick/high) were simply nailed at the bottom of the same 
mold to increase the thickness/height from 52 mm to 64 mm ( Fig. I b ). Cross-sectional details 
of the slab are shown in Fig.2. 

LOAD TEST 

Individual test specimens were load tested to be used as a roofing element in accordance with the 
code of practice for the structural use of concrete CP-I 10 : Part- I : I 972. Test load was applied 
uniformly and incrementally over the surface area of the simply supported test slab. Maximum 
deflection at the midspan was noted to be 0.07 mm which was within the permissible limit After 
removal of the test load, recovery in deflection was also achieved as per code requirements. Later on 
the test slabs were further loaded by increasing the load to check its safe load bearing capacity. 
Throughout the loading process the slabs behavior was carefully monitored. Load-deflection obser­
vations and curves are shown in Table I and Fig 3. 

Table 2 Summary of Test Results 

Actual Deflections in mm Allowable 
Load (kN) deflection 

Slab I Slab2 Slab 3 Slab4 Slab 5 mm 

1.070 0.0445 0.0445 0.0460 0.0470 0.0450 
2.I40 0.0699 0.0826 0.1 IOO 0.0900 0.0800 
3.200 0.0965 O.I270 0.1650 0.1350 O.I200 
4.270 0.I2I9 O.I65I 0.2110 0.1700 O.I600 
5.338 O.I524 0.2I59 0.5400 0.2I50 0.2000 
6.405 O.I778 0.2540 0.7100 0.2550 0.2400 2.260 
7.470 0.2I54 0.292I 0.7800 0.2800 0.2650 
8.54I 0.7620 0.3302 Cracked 0.3I50 0.3000 
9.608 Cracked 0.3886 0.3500 0.3400 
10.5I Cracked 0.3850 
I 1.0I 0.4IOO 

DISCUSSION AND CONCLUSION 

Using 40% of HGR, the flexural strength of the specimens was 3.73 MPa. Two specimens showed 
inelastic behavior at an early stage which may be attributed to the local problem e.g. non-uniformity 
of the diameter of the reeds. Generali y roof slabs are designed for a live load of 137 .9 kN/m2 and these 
precast panels are supposed to be used as roofing elements. From the Fig.3 and Table. 1 it is obvious 
that these precast panels could safely be used as roofing elements. 1be roofing elements are easy to 
cast It can be made on selfhelp basis for which they may prove to be more economical. The above type 
of roofing elements are most suitable for the rural housing because of the easy availability of the 
HGR. HGR are almost free of cost in the rural areas. This type of roofing will surely be much more 
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economical than the conventional system due to the use of HGR.The experimental program shows 
that further work can be done on HGR for its better utilization in the low cost roofing system. 
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Indonesia 

General 

4037 A:1083 
__ . 1979. Report on Development of Ferrocement Technology in Sulawesi Selatan (in 
Indonesian). Ujung Pandang: Development Technology Center-ITB/USAID (Ujung Pandang, Mei, 
Indonesia), Proyek Kerja Sama Universitas Hasanuddin. 

boats I domes (structural fonns) I ferrocement I materials I tanks (containers) I tests 
Indonesia 



J011TMI of FerrocetrVnl: Vol. 21, No. 2, April 1991 147 

4047 A:1093 
Anshori, Djausal, and Sosrowinarso. 1979. F e"ocemenl Mate rial and its Use in Civil Engineering 
Construction (in Indonesian). Bandung: Institut Teknologi Bandung (Indonesia). 
applications I ferrocement I materials 
Indonesia 

4031 A:1077 
Miyaz.awa, S.; Taz.awa, Ei-ichi; Kashiwagi, T.; and Shigekawa, K. 1989. Effect of self stress on 
flexural failure of mortar beams. Transactions of the Japan Concrete Institute. 11: 41-48. 

bend tests I bending I mortars (material) 

4065 A:1099 
Anshori, Djausal. 1989. A Comparison of F errocement with Reinforced Concrete and/ ts Application 
in Civil Engineering (in Indonesian). Bandung: Ferrocement Infonnation Network (Indonesia). 

ferrocement I materials I reinforced concrete 
Indonesia 

CONSTITUENT MATERIALS 

Mortar Preparation and Plastering 

4033 A:1079 
Rahman, M.A. 1987. Use of rice husk ash in sancrete blocks for masonry units. Materials and 
Structures 20: 361-366. 

rice husk ash I blocks 

Substitute Materials for Mortar Preparation 

4022 A:1068 
Tabata, T.; Takeuchi, K.; and Fukuzawa, T. 1989. Development of special cement and its application. 
In Proceedings of lsllapan International SAMPE Symposium, 28 Nov. - 1Dec.1989,1599-1W5. 
Tokyo: The Society for the Advancement of Material and Process Engineering (Japan). 

bending I cements I mortars (material) I tests I thermal conductivity 
Japan 

4032 A:1078 
Taleno, R. 1990. Qualitativeanalysisof natural pozzolanas, fly ashes, and blast furnace slags by XRD. 
Journal of Materials in Civil Engineering 2(2): 106-115. 
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blast furnace slag I fly ash I pozzolans I x - ray analysis 
Spain 

Admixtures 

4019 A:l065 
Ohama. Y.; Demora, K.; Satoh, Y.; and Tachibana, K. 1989. Improvement in durability of mortar 
by effective barrier penetrants. In Proceedings of Second International Symposium on Cement and 
Concrete. 23-30. Beijing: The Chinese Silicate Society (Beijing, China). 

chlorides I durability I mortars (material) I tests 

4020 A:l066 
Demura,K.;Ohama, Y.;Morikawa,M.;andAchiwa,M.1989.Drying shrinkage of cement mortars 
treated with shrinkage-reducing agents. Journal of the Society of Materials Science Japan 38(431): 
926-931. 

additives I cracks I drying shrinkage I mortars (material) 
Japan 

MARINE APPLICATIONS 

Construction and Testing 

4070 
__ . 1963. Featherstone Ahoy!. Concrete Construction: 209-210. 

boat I concretes I ferrocement 

4053 

A:l 103 

A:l099 
__ . 1989. Lecture notes for Short Course on Offshore Structures Using Ferrocement (in 
Indonesian). Bandung: Ferrocement Information Network, (Indonesia). 

construction I ferrocement I marine structures 
Indonesia 

4064 A:l099 
Anshori Djausal. 1989. Application of Ferrocementfor Marine Structures (in Indonesian). Bandung: 
Ferrocement Information Network (Indonesia). 

construction I ferrocement I marine I structures 
Indonesia 
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4066 A:llOO 
Hans Rolloos; Anshori Djausal; and Oemar Handojo. 19??. Fe"ocement Boat Technology. 1-148. 
Bandung: Institut Teknologi Bandung. 

ferrocement I hulls (structures) I ships I waves 
Indonesia 

Feasibility Studies, Rules and Classification 

4063 A:l099 
Indra Djati Sidi. 1989. Strength Analysis for Marine Structures (in Indonesian). Bandung: Ferroce­
ment Information Network (Indonesia). 

marine engineering I strength I structural analysis 
Indonesia 

TERRESTRIAL APPLICATIONS 

Housing and Building 

4028 
Stulz, R. 1990. The introduction of FCR and MCR tiles in Peru. FCR News (7): 8-12. 

fibers I housing I roofing I tiles 
Peru 

4029 
De Rivero, M. 1990. The Mateco experience.FCR News (7): 2-7. 

fibers I housing I roofing I tiles 
Peru 

Water Resources Structures 

4080 

A:l075 

A:l075 

A:l 105 
Wieland, M. 1985. Analysis and design of cylindrical water tanks. 141-159. In Lecture Notes: Short 
Course on Design and Construction of Ferrocement Structures, 141-159. Bangkok: International 
Ferrocement Information Center. 

analysis I crack width I cylindrical tanks I design I ferrocement 

4081 A:l 105 
Kumar, S.K. 1985. FCT ANK: An Interactive Microcomputer Program for the Analysis and Design 
of Ferrocement Storage Tanks. In Lecture Notes: Short Course on Design and Construction of 
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Ferrocement Structures, 160-185. Bangkok: International Ferrocement Infonnation Center. 

analysis I design I ferrocement I microcomputers I water tanks I tanks (containers) 

4088 A:ll28 
__ .1990. Ancient and modem rainwater harvesting technologies expand water supplies. Raindrop, 
Rain Water Harvesting Bulletin 4:1. 

ferrocement I tanks (containers) I water storage 
India 

4089 A:ll28 
__ .1990. Semi-Mechanized Ferrocement Tank Construction. Raindrop, Rainwater Harvesting 
Bulletin 4:3. 

ferrocement I mechaniuition I tanks (containers) I water storage 
India 

Construction Techniques 

4036 A:l082 
__ . 1977. F errocement Water Storage Tanks (in Indonesian). 1- 18. Bandung: Kerjasama Dengan 
Busti Dan Tool. The Negeri Belanda Diterbitkan (Bandung, Indonesia). Pusat infonnasi 
Dokumentasi PTP-ITB (Bandung, Indonesia): 1-18. 

ferrocement I tanks (containers) I water tanks 
Indonesia 

General 

4061 A:l099 
Oemar Handojo. 1989. Application of Ferrocement in Structures (in Indonesian). Bandung: 
Ferrocement lnfonnation Network (Indonesia). 

construction I ferrocement I materials I structures 
Indonesia 

PROTECTION AND RELATED TOPICS 

Corrosion in Marine Environment 

4023 A:l069 
Shorobim, K.G.; Tazawa, Ei-ichi; Miyamoto, H.; and Hironaka T. 1989. Influence of construction 
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defects on corrosion of reinforcement Transactions of the Japan Concrete Institute 11: 171-178. 

construction I corrosion I reinforcing steels 
Japan 

4060 A:l099 
Anshori Djausal. 1989. Corrosion in Ferrocement Construction (in Indonesian). Bandung: Ferroce­
ment Information Network (Indonesia). 

corrosion I ferrocement I marine atmospheres 
Indonesia 

Coatings and Surr~ce Treatment 

4025 A:l071 
Hamada, S.; Kaneyuki, K.; and Koyama, H. 1989. On the efficiency ofrepairment for a structure 
with alkali-aggregate reaction. Transactions of the Japan Concrete Institute 11: 179-184. 

aggregates I alkali aggregate reactions I crack width I repairs 
Japan 

FIBER REINFORCED COMPOSITES 

Steel Fiber Composites 

4068 A:AIT Thesis 90-8 c.2 
Iqbal, H. 1990. Ultimate Flexural Strength of Reinforced Concrete Beams with Large Volumes of 
Short Randomly Oriented Steel Fibers. l-l l 7+ix pp. M.Eng; Thesis, Asian Institute of Technology 
(Bangkok, Thailand). 

flexural strength I mechanical properties I models I steel fibers I tests I beams I bending 
Thailand 

Natural and Organic Fiber Composites 

4045 A:l091 
Anshori Djausal. 1980. Fiber Reinforced Pipes (in Indonesian). 1-22. Bandung: Institut Teknologi 
Bandung. (Indonesia). 

materials I organic fibers I pipes (tubes) 
Indonesia 



152 JowrNJJ of Ferrocemenl: Vol. 21, No. 2, April 1991 

4044 A:1090 
Anshori Djausal. 1981. Fiber Reinforced Roofing Element (in Indonesian). 1-41. Bandung: Institut 
Teknologi Bandung. 

organic fibers I roofing 
Indonesia 

Polymer Composites 

402 A:1067 
Amano, T.; Obama, Y.; Takemoto, T.; and Takeuchi, Y. 1989. Development of ultrarapid-hardening 
polymer-modified shotcrete using metal acrylate. In Proceedings of 1st Japan International SAMPE 
Symposium. 1564-1569. Tokyo: The Society for the Advancement of Material and Process 
Engineering (Japan). 

materials I materials tests I polymers I shotcrete 
Japan 

4026 A:l072 
Dean, G.D. 1989. Use of plate bending waves for elastic property determination of polymers. 
Composites 20(6): 575-583. 

elastic properties I materials I polymers I reinforced plastics 
UK 

General 

4030 A:1076 
Tay, Joo-Hwa. 1990. Ash from oil-palm waste as concrete material. Journal of Materials in Civil 
Engineering 2(2): 94-105. 

ashes I concretes I organic materials I wastes 
Singapore 

GENERAL 

Miscellaneous Notes 

4052 A:1098 
__ . 198?. Ferrocement Technology Application Training Program for Technicians and Contrac­
tors (Book II), Report on Participants Assignments Results. (in Indonesian). 1-55.Bandung: Laporan 
Hasil; Penyelesaian Tugas Peserta. Institut Teknologi Bandung. 
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construction I ferrocement I materials 
Indonesia 

4072 

153 

A:1105 
IFIC. 1985. Lecture Notes -Short Course on Design and Construction of Ferrocement Structures 
1-346. Bangkok: International Ferrocement Infonnation Center. 

4062 A:l099 
Widiadnyana Merati. 1989. Theory of Shell Structures (in Indonesian). Bandung: Ferrocement 
Information Network (Indonesia). 

analysis I shells (structural fonns) 
Indonesia 

4069 A:1102 
__ . 1990. Training Program for Ferrocement Technology for the Technicians and Contractors, 
Book 1 (in Indonesian). 1-62. Bandung: Laporan Pelaksanaan. Ferrocement lnfonnation Network 
(Bandung, Indonesia). 

ferrocement I technology I trainings 
Indonesia 

GENERAL 

General 

4043 A:l089 
Anshori Djausal, and D. Kusnadi. 1979. History and Application of Ferrocement (in Indonesian). 
1-34. Bandung: Institut Teknologi Bandung. 

boats I ferrocement I material properties I tanks (containers) 
Indonesia 
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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 50 references 
US$ 0.07 for each additional reference above 50 

Non-Subscriber: US$ 60.00 per contact hour 
US$15.00 up to 50 references 
US$ 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. 

Materials 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 docwnent can be ordered at the rates given in page 198. 
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THE THIRD FIN COORDINATORS WORK­
SHOP AND STUDY VISIT 

The Third Ferrocemcnt Infonnation Net­
work (FIN) Coordinators Workshop and Study 
Visit was held 22-28 February 1991 in Auroville, 
Pondichcrry and Madras, India The host was the 
FIN (India) based at the University of Roorkee 
and the Auroville Building Centre (AV-BC), an 
IFIC Reference Cent.er and node of FIN (India). 

The objectives of this workshop and study 
visit were: to evaluate the end users training 
program of FIN (India); to develop the metho­
dology for end users training in developing coun­
tries and to define the future directions of FIN. 

The FIN team include Engr. L. Roblcs­
Austriaco, the FIN international coordinator; Pro­
fessor Abang Abdullah Abang Ali, national co­
ordinator FIN (Malaysia); Ir. Anshori Djausal, 
national coordinator FIN (Indonesia); Engr. 
Edgardo Santibanez, national coordinator FIN 

The FIN Coocdinators with AV ·BC ei1eculives, ler1 to right, 
Engr. Edgardo Sanlibane7. (Philippines), Prof. Abang 
Abdullah (Malaysia), Mr. P.C. Sharma (SERC, India), Mn. 
Lilia R. Auslriaco (IFIC), Mr. Tency BaelCIU (AV-BC) and 
Mr. Giles Guigan (AV ·BC). 

ISS 

The FIN team ll theHUDCO Building Technology &position 
and Housing Guidance Center. On display are different 
appropriate technologies including ferroccrncnt applications 
in housing. 

(Philippines); Professor D.N. Trikha and Profes­
sor S. Kaushik, national coordinators FIN (In­
dia), Mr. Tency Baet.ens, and Mr. Giles Guigan 
of the Auroville Building Centre and Mr. P.C. 
Sharma of the Structural Engineering Research 
Centre (SERC), Ghaziabad also participated. The 
Workshop and Study - Visit was sponsored 
by the International Development Research 
Centre (IDRC) of Canada. 

The FIN team visited the Auroville 
Building Centre (A Y-BC); the Structural Engi­
neering Research Centre (SERC), Madras; the 
Indian Institute of Technology (UT), Madras; 
and the Housing and Urban Development Coor­
poration (HUDCO) Southern Zonal Office. The 
FIN team had a seminar in AV-BC with Mr. 
Tency Baetens, executive of AV-BC as 
resource person. The team had a chance to see 
the manufacturing processes developed in AV­
BC and the many existing ferrocementstructures 
in Auroville, an international cultural town­
ship. 
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The FIN coordinators at IIT, Madras, India. 

The FIN coordinaiors at SERC 

The many research and development activi­
ties in SERC, on femx:emem and related materi­
als and their technology transfer activities were 
very inLeresting and educational Lo the Learn. The 
thrust of UT Madras is to solve local problems 
through research and development in the Insti­
Lute. The team was impressed by the on going 
research al IIT. The HUDCO experience includ­
ing available appropriate technology and Lhe 
HUDCO approach on technology transfer was 
very insLructive. 

The workshop was conducted in Auroville 
and Pondicherry. The team evaluated the end 
users training oganired by FIN (India) and AV­
BC. The team has decided on the end users 
training methodology appropriate for develop­
ing countries. This will be Lhe basis for the 
Lraining manual for FIN to be published by IFIC. 
Based from Lheir own experiences and Lhrough 
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The FIN coordinatOrs at one oC I.he AV -BC ferroccmcnt 
housing projects. 

the evaluation of Lhe end users training in India 
and Indonesia Lhe FIN Learn during Lhe workshop 
has defined the future direction of FIN 
Activities.The major Lhrusl will be Lhe establish­
ment of the organizational sLruclure for each 
country, intensify training activities in three 
levels:decisionmakers, implementors and end 
users, and Lhe future financial viability of Lhe 
members. 

AUSTRALIA 

Polyurethane Panel 

Lewis Lavan Ply Ltd has developed a light­
weight building panel which can be made to look 
like brick. The panel, Lhe company claims can be 
manufactured at low cosl, consists of an encapsu­
lated steel frame wilh an outer glassfibre rein­
forced polyurethane skin, a polyurethane core 
and a plasterboard or fiber-cemenl inside lining. 
The densily of the polyurethane is varied through 
Lhe cross section of Lhe panel, wilh the lower 
density core providing good insulation. 

The outer skin can be molded to simulate a 
brick or other finish, or even roof tiles. 

The company said several buildings using 
these panels for walls as well as roofs have been 
built in central Queensland, Brisbane and Victo­
ria, and Lhe panels have performed salisfactorily. 

(Engineers Australia, September 21 1990) 
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FRANCE 

Blocks ror Building Breakwaters 

Armed with the experience it acquired in 
producing Tetrapode, the world's first artificial 
building block with an open-ended design, 
Sogreah of France has begun marketing Accro­
pode (TM) technique, an armour building block 
that has been designed to be laid in a single layer, 
instead of the two layer arrangement commonly 
used with traditional blocks. 

Developed by the engineers of the 
company's Harbours and Coastal Services De­
partment. Accropode (TM) is a uniquely de­
signed artificial unreinforced building block for 
building maritime breakwaters and similar struc­
tures (docks, coastal dykes, etc.) and river levies 
and dykes. 

As the recipient of the prize awarded for 
innovation by France's Union of Public Works 
Engineers, Accropode (TM) is unusual in tenns 
of its shape, solid construction and stability. 

- its shape (six massive protuberances that have 
been enlarged at the intersection with its central 
core) eliminates the need for any fonn of ar­
moured reinforcement and makes it possible to 
lay the bricks in a single layer. Its compact shape 
gives it excellent mechanical resistance. 

- the stability of the blocks once they have been 
laid in a single layer has been tested by 21 
internationally renowned laboratories (in sys­
tematic tests conducted on small scale models) 
and in situ (where the results of the previous tests 
were confirmed). 

Accropode (TM) blocks are easy to manu­
facture (a mould of two symmetrical shells, a 
frame with an extra-wide upper opening, with 
removal from the frame in 24 hours time), to 
handle (using forks or other grips) and to store. 

While traditional building blocks have to be 
laid in two layers, Accropode's shape and sturdy 
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construction make it possible to work with just a 
single layer, a feature that results in about a 40% 
savings in tenns of the amount of concrete re­
quired. 

Blocks are available in a wide range of 
dimensions, from 0.8 m3 to 21 m3• It is already in 
use in various harbours (Calais, France, Bizerte, 
Tunisia, Damiette, Egypt) and in more than 40 
other projects around the world today. 

(Scientific News, No.2, September'90) 

KENYA 

Ferrocement Awareness 

The use of ferrocement is gaining increased 
awareness in Kenya in the recent years. Re­
cently, Youth Polytechnic has conducted a train­
ing course for the graduates to build ferrocement 
water tanks. Ferrocement water tanks are re­
garded as most suitable in terms of materials and 
labor for the third world countries. For more 
infonnation about Youth Polytechnic activities, 
contac: Mr.JohnNdenga,P.0.Box1188,Mara­
goli, Kenya. 

(Information from Mr. Michi Vitz, Resource 
Coordinator, ITSP, clo VSO, P.O.Box 284, 
Kisumu, Kenya. 

SWITZERLAND 

BASIN 

Building Advisory Service and Information 
Network (BASIN) is a joint advisory service and 
infonnation network dedicated to the field of 
building materials and technology. BASIN was 
primarily established to provide vital advisory 
services and access to infonnation for individu­
als, institutions and other organizations involved 
with housing and building in Third world devel­
oping countries. 

BASIN comprises of four different agencies 
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namely GATE, SKAT, ITDG, and CRAtenne. 
Although the four agencies are linked together in 
a network, each agency caters for specific areas. 
GA TE from Gennany provides services in the 
field of wall building materials and wall con­
struction technologies appropriate for develop­
ing countries; SKAT, the Swiss Center for Ap­
propriate Technology is BASIN's specialist for 
roof conslruCtion, ITDG; lnLennediate Technol­
ogy Development Group provides advisory serv­
ice for cementatious binders; while recently 
joined member agency CRAtenne, International 
Center for Earth Construction, will cover all 
aspects of earth building and wiJI also offer 
necessary training courses in Production of 
compressed earth blocks, preservation of earthen 
architecture, local building materials and con­
struction techniques eLC. The joint services of the 
four network partners are based on Information, 
i.e. daLa collection, preparation and dissemina­
tion, experience, which includes collection of 
feedback, analysis, evaluation of tests, projects, 
research results, elC., and the area of consultancy 
on specific issues. 

BASIN operates a newly developed 
data bank, which is coordinated between the 
partner organizations and contains information 
on documents, technologies/equipment, institu­
tions/consultanls/projects in respective subject 
areas and question and answer statistics. With 
this constantly increasing and updated informa­
tion base, together with a fast growing collection 
of international literature and a pool of recog­
nized subject specialists Lo refer to, highly quali­
fied answers can be given Lo technical enquiries 
on a large number of building issues. BASIN 
furthermore identifies subject areas in which 
more specific information or other supporting 
documentation is needed and arranges the pro­
duction of necessary publication for dissemina­
tion, a primary aim of which is not only to 
establish a dialogue and an exchange of informa­
tion between BASIN and the enquirer, but also 
between building professionals, firms and insti­
tutions within the developing countries them­
selves. 
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The network is the first attempt to coordinate 
and moniLOr, with the support of a data bank, the 
accumulated know-how in specific subject areas 
off our appropriate technology institutions for the 
initiation of free information flow inio develop­
ing countries with a close coordination of work 
with resource centers in these countries. 

BASIN has been operating now for over a 
year. The positive reactions from enquiring 
individuals, firms, organizations and institutions 
to the services so far offered are justification for 
its setting-up. With the years to come, BASIN 
will gradually involve increasing number of re­
source centers in the Third World. 

(BASIN-NEWS, January 1991) 

TOGO 

Local Networking in Kara, Togo 

A small but vital organization in northern 
Togo is bridging the information gap for rural 
development activities in the country, and Rain­
water harvesting (RWH) technologies are a pri­
mary focus of their activities. The Appropriate 
Technology Center provides linkage between 
various Togolese technicians involved in pro­
gram design, technology design, and village 
based development work. The Center demon­
strates effective technologies and provides rele­
vant training, promotes the exchange of ideas and 
knowledge among projects, and shares relevant 
research from other countries. 

Founded in 1986 by the Government of 
Togo, with collaboration between UNlCEF and 
the U.S. Peace Corps, the Center has established 
itself nationally and int.er-regionally as a clearing 
house for innovative technologies and as a facili­
tator and base for the organi:zation of training 
sessions and extension campaigns. The Center is 
staffed by a Togolese director and a Peace Corps 
volunteerwhoservesasinfonnationcoordinaior. 
A small group of support personnel assists in 
construction of demonstration models and serves 
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as training support staff. 

The Cent.er has responded to requests for 
RWH technical assistance and information from 
such organizations as UNICEF, World Neigh­
bors, and Peace Corps. It is also in communica­
tion with development organizations from sev­
eral countries to exchange documents and publi­
cations for and from its library. 

In addition to its R WH inlerest., the Center 
also promotes improved clay cooking stoves, 
hand-dug wells, reforestation, and solar energy. 
For each of these technologies, the Center's 
support activities include the collection and dis­
semination of field-derived and research infor­
mation, demonstration models and trials, and 
training for such groups as rural development 
agents, Peace Corps volunteers, and school 
teachers. 

Training junior and high school teachers has 
been emphasized, with the intent of integrating 
the philosophy of appropriate technology into the 
secondary school curricula. Cent.er personnel 
also work with farmers, artisans, and women's 
groups. Trainees learn theory as well as practice. 
Everyone who studies RWH learns both how to 
calculate water consumption needs and how to 
build a cistern and hang gutters. 

Currently the Center demonstrates and pro­
motes three cistern models. One is based on the 
design of a traditional spherical grain bin made 
with molded clay walls. Once the traditional bin 
is built on a concrele base, the interior is ferroce­
mented, resulting in a 3.5 ml liter cistern at a 
materials cost of about CFA 37,500 (US$125). 
The oldest model has been in use for four years 
and has needed no repair. 

The gutter system developed for this model 
collects water from a straw roof, which is widely 
used in Togo, especially in the northern regions. 
This could be an important innovation in an area 
where a major problem for RWH is finding an 
appropriate rain catchment area 
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Another cistern model has a capacity of 6 m3 

Liters and is made from clay bricks with a ferro­
cemented interior. It is still undergoing testing, 
but the initial results seem positive. It is also low 
cost (US$125) and easy to construct The Cen­
ter's 12.8 ml liter model is built underground. It 
is a cement lined spherical pit with a dome­
shaped concrete cover. The local soil structure is 
stable and the pit is also layered initially with a 
compacted clay. This experimental construction 
technique using no metal reinforcement has been 
in use for three years without need for repair. 
Total materials cost was CFA 172,000 
(US$240). 

(Raindrop. April 1990) 

U.S.A. 

ASCE Publishes Design Loads Standard 

A new ASCE standard on design loads, 
published in July 1990, and lcnown as ASCE 7-
88, Minimum Design Loads for Buildings and 
Other Structures is a revision of ANSI A58. l, 
which was last updated in 1982. The standard 
gives requirements for dead, live, soil, wind, 
snow, rain and earthquake loads (and their com­
binations) that are suitable for inclusion in build­
ing codes and other design documents. A major 
portion of this new I y available standard is under­
going yet another revision dealing primarily with 
recently mandated federal scismjc provisions; 
The publication of the revision is expected some 
time in 1991. 

Structural load requirements provided by 
the standard are intended for use by architects, 
structural engineers and those engaged in prepar­
ing and administering local building codes. 

(ASCE News, September. 1990) 

Zero-Porosity Concrete 

M. Anthony Tutundjian, president of Con­
crete Ilitech (Holdings) Ltd., developed the new 
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cement modifier, Z-90, for use in large structures 
exposed to water, salts, toxic chemicals, fungi or 
algae. 

As concrete cures, the escape of internal air 
creates voids within the sand and aggregate 
matrix. Unlike voids in other kinds of concrete, 
Z-90's are few, small, spherical, distinct and 
enveloped by a mesh of crystals. Since liquids 
cannot pass through them, that eliminates the 
possibility of corrosion of embedded reinforcing 
steel, freeze-thaw deterioration and efflores­
cence of the surface. 

According to a report by Geomaterials Re­
search Services Ltd., Basildon, Essex, Z-90 ex­
amined under an electron microscope showed no 
evidence of interconnected voids. 

Z-90 will soon be marketed for use in struc­
tures such as basements, tunnels, parking garages 
and off shore platforms. Z.90 will be distributed 
in the U.S. by Ceracem East Inc., a licensee in 
Convington, La. 

Z-90 will be available as a concentrate to mix 
on-site, in a proportion equal to 3 % of the weight 
of cement used. It also will be sold as an already 
mixed super-cement. Either way, it will create 
concrete with a compressive strength exceeding 
62.06 N/mm2• 

(ENR !August 9, 1990) 

ABET Signs 'Washington Accord' tor Ac­
creditation 

The board of directors of the Accreditation 
Board for Engineering and Technology, Inc. 
(ABE'I) gave final approval to an engineering 
educational equivalency agreement with the 
organizations in Ireland, the United Kingdom, 
New Zealand, Canada, and Australia that are 
responsible for determining the quality of engi­
neering education in their own country as part of 
the professional engineering registration proc­
ess. Known as the "Washington Accord" the 
agreement recognizes that the accredited 
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courses/programs leading to a degree in engi­
neering of the six countries as being substantially 
equivalent and satisfying the academic require­
ments for the practice of engineering at the pro­
f essional level. ABET is a federation of25 pro­
fessional technical societies that represents more 
than 1.8 million engineers. For more information 
, Contact: ABET, 345 East 47th St., New York, 
NY 10017 (212/705-7685). 

(ASTM Standardization News, August 1990) 

Syodecrete, A New Recipe Concrete 

Syndecrele is half the weight of regular 
concreteat 1200 kg/m3 and far lighter than gran­
ite or marble. Unlike stone or regular concrete, 
Syndecretecan be shaped or routed with standard 
carbide-tipped woodworking tools. 

Rather than the usual coarse sand or rock 
aggregate, Syndecrele contains porous volcanic 
rock, such as pumice, vermiculite, or basalt In 
addition, wood or marble chips, brass shavings, 
or crushed glass can be added to change the 
appearance. 

Finally, polypropylene fibers are added to 
the batch for reinforcement Because it is cast and 
not made in sheets, a Syndecrele count.er has no 
seams. After curing, it is sanded and coated with 
a waLerbased sealer. Then, a liquid acrylic wax 
is applied. The wax makes the surface resistant 
to oil penetration, water absorption, and stains 
from food. 

Syncrete cast into custom counter iap. 
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The resulting count.er is as rugged as con­
crete. But some abuse, like splatters of hol oil, 
can mar the wax but it can be fixed by sanding 
and reapplying the wax. 

Prices range from $556 lo $()67 per 
square met.er for installation of a 50 mm-thick 
count.er. Tables, chairs, floor and bathroom tiles, 
showers, sinks, and tubs cast wilh Syndecreteare 
also available. Syndesis Studio, 2908 Colorado 
Ave., Santa Monica, Calif. 90404. 

(Popular Science, Oct. 1990. Information 
sent by Dr. Gary Bowen, Alaska). 

Shaped Fibers May Boost Composite 
Strength 

Glass fibers formed into bilobal and trilobal 
shapes could significantly increase the stiffness 
and strength of composites. Such fibers are being 
developed al the Owens-Coming Fiberglas 
Technical Center, Granville, OH. 

Shaped glass fibers have greater surface area 
per unit weight than standard round fibers. 
Owens-Coming researchers believe improved 
composite sLrength may result because the extra 
area increases the amount of fiber-to-resin 
bounding. Shaped fibers could also lead lo 

denser composites with increased stiffness and 
lower thermal conductivity. 

Only experimental quantities of bilobal and 
trilobal glass fibers have been produced. Re-
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Trilobal shaped glau fibcn having equivalent di.amctcn 
based on crosssectional area of 6.S to 25 µm. 

search work is now focused on characterizing the 
properties of the shaped fibers. 

(Machine Design, August 1990. Informa­
tion sent by Dr. GL. Bowens, Alaska). 

Cement Goes High-Tech 

National Cement and Ceramics Laborato­
ries, Ioc. (NCCL)- Concrete Technology Corpo­
ration is now involved in a technology transfer 
program with the National Science Foundation's 
Science and Technology Cent.er for Advanced 
Cement-Based Materials. To aid the flow of re­
search ideas between academia and indusLry. 
NCCL inaugurated a $3 million laboratory adja­
cent lo Northwestern University, Evanston, Illi­
nois. Researchers there will apply diagnostic in­
struments routinely used in metallurgy, but never 
before in the study of cement, 10 learn how lo 

manipulate cement's microstructure. They hope 
lo develop new materials 10 replace expensive or 
environmentally hannful materials. 

(Chemical Engineering. Sept. 1990. Infor­
mation sent by Dr. G.l. Bowens, Sitka, Alaska). 

Concrete Mixing by Heat Pump 

Michael K. Andrews, of Union Electric Co., 
won second place honors in the Industrial Cate­
gory of the 1990 Marketing Achievement 
Awards Program sponsored by the Edison Elec-
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tric Institute. His entry was one of 381 submiued 
for the annual EEi program. 

Andrews worked with Kurtz Concrete Co. 
in devising a system for the firm to supply con­
crete 31 highly competitive prices. This system 
included the use of a 40 ton, computer controlled 
heat pump. 

(Concrete lnJernational, December 1990) 

Fiber Research Continues 

Direct tensile tests and flexural tests, includ­
ing crack opening measurements, are among the 
current activitie of a Concrete Materials Re­
search Council funded study currcnl.ly in prog­
ress. 

Approved by the American Concrete Insti­
tute agency in 1987, the study also includes more 
detailed statistical and engineering analyses of 
large flexural test series results. Proposed modi­
fications and additions to existing testing meth­
ods for fibers are expected to result from this 
project. 

The research study recenl.ly was the subject 
of a two day workshop on "Fracture Toughness 
of Fiber Reinforced Concrete" held in Tempe, 
Ariwna. for a critical review of initial results of 
the test program and to provide a forum to discuss 
toughness characterization of fiber concrete and 
its use in performance evaluation and design. 
Technical papers reporting project results and 
findings are now being prepared by participants. 

A project of ACI Committee 544, Fiber 
Reinforced Concrete, the research study involves 
six universities and industry support, including 
supplies of fibers from four firms. The schools 
are the University of Missouri at Columbia, 
Northwestern University, Clarkson University, 
Colorado State University, New Jersey Institute 
of Technology, and South Dakota School of 
Mines and Technology. The study directors are 
V.S. Gopalaratnam of Missouri and Surendra P. 

Shah of Northwestern. 

The basic purpose of the study is to dctcc­
mine the influence of specimen size, loading 
configuration, loading rate, and fiber type on the 
flexural behavior and fracture toughness of fiber 
reinforced concrete. 1be need fora large system­
atic test program involving interlaboratory stud­
ies and da1a was deemed necessary to provide 
material characterization and performance 
evaluation techniques necessary for the material 
to achieve its potential in design and application. 

(Concrete International, December 1990). 

Nylon 6 Fiber Improves Properties 

Allied-Signal, Inc. has introduced a high­
strength nylon 6 fiber engineered for secondary 
reinforcement of concrete. Nylon 6 fibers, mar­
keted as Caprolan-RC or Nye.on Fibers, off Cl the 
benefits of fiber technology at a low cost 

When nylon 6 fibers are added to the mix at 
0.59 kg/m3, the fiber bundles open and separate 
into 34 million individual filaments. These fila­
ments distribute uniformly in the concrete matrix 
during mixing. The result is a dramatic improve­
ment in concrete performance and durability. 

On July 1, 1990, the fibers received approval 
from the National Evaluation Service Committee 
of the Council of American Building Officials 
(CABO) as complying with the requirements of 
all three model building codes used around the 
country - ICBO, SBCCI, and BOCA. At 896 
MPa tensile strength, they are one of the strong­
est approved concrete reinforcements in the 
market. 

Independent laboratory tests show that 31 

0.59 kg fiber/m3 of concrete, these fibers can re­
duce plastic cracking by almost 60 % while 
doubling impact resistance. 

The fibers also inhibit plastic settlement, 
resulting in a more consolidated, homogeneous 
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mix, and reduce concrete penneabil ity. They are 
corrosion resistant, anti-magnetic, and alkaline 
resistanL Packaged in 0.45 lcg (1 lb), 2.26 kg (5 
lb), or 4.5 kg (10 Ib) bags, they require minimal 
work at the batch plant to insure fiber dispersion. 

End-uses include slab-on-grade, sidewalks, 
driveways, elevated slabs, precast units, poured 
walls, and pools. In all applications, the concrete 
finishes up with a smooth, non-hairy surface. 
Concrete reinforced with the fibers can be placed, 
shot, or pumped and has been successfully used 
in over 4647531 m2 (50 million square feet) of 
installations to date. 

(Concrete International, December 1990). 

Concrete for Rockwork 

Citing not only esthetics, but regional accu­
racy, realistic scenery, stability, and ease of 
maintenance, landscape architects and contra tors 
are turning to designs and construction by spe­
cialist firms for individualized rockwork to 
complete their projects. Concrete is the prime 
material and innovative refinements in design 
and construction techniques are being used to 
provide dramatic beauty and compatibility with 
the surrounding area when creating a new dimen­
sion for the environment or masking and enhanc­
ing retaining walls. Man-made rock outcrop­
pings can be constructed to appear to be a con­
tinuation of the indigenous rock in the area of the 
site. 

Macaire, Inc. individually designs each 
project, providing greater structural durability 
than standard molds. The unlimited variety of 
rock types and colors and the ability to blend 
plants directly into the rockwork can provide an 
accuracy and blending with the environment that 
is rarely possible with standard molds. 

(Concrete International, December 1990). 
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NEW EQUIPMENT 

A Brand New Concept 

ELE International's Advanced Digital 
Readout (ADR) is a brand new concept designed 
primarily for integration into the company's new 
generation of concrete testing machines. 

Also available as a stand-alone instrument, 
the ADR aUows users to retrofit the unit to a wide 
range of existing equipment enabling this to be 
updated with 90's technology. Either way users 
are benefiting from the latest microprocessor 
controlled technology and the robustness de­
manded for machines destined to work continu­
ally to the highest level of accuracy and reliability 
in the rugged environment of the concrete testing 
industry. 

A product of many year's research and de­
velopment by ELE International, the ADR is a 
technologically advanced microprocessor con­
trolled instrument with f aciUties for data presen­
tation, stress-calculation and calibration. With 
its touch button data keys, user friendly-LCD 
display and menu-driven procedures, all oper­
ated and co-ordinated via the front panel, this unit 
offers all the accuracy, performance, reliability 
and ease of operation required to meet modem 
day standards. It has been configured to mini­
mize data input during normal testing procedures 
and the diagnostic and test routines of the unit 
help to reduce costly down-time and service 
charges. 

The following are some of the benefits and 
features included in the ADR: 

. Automatic load ranging, for maximum sensitiv 
ity of readings. 

- Indefinite peak load hold until cancelled to re­
duce operator reading errors. 

- Automatic start load pacing with error indica­
tor for accurate control of load rate. 

- Switchable load ranges for compression and 
flexural testing. 
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- Comprehensive calibration routines to suit a 
wide range of machines and operating pres­
sures. 

- Serial Centronics and RS232 output ports in­
cluded as standard for connection to printers 
and computers for hard copy results. 

Designed and built at ELE's modem manu­
facturing facilities, the ADR 1000, 1500, 2000 
and 3000 (kN) Concrete Compression Machines 
with high stability load frames, advanced digita! 
readout and attractive re-styling package can test 
a comprehensive range of samples. 

(New 'Zealand Concrete Construction. Novem­
ber 1990) 

Super Mustang 80 

Morgen Manufacturing has introduced the 
Super Mustang 80 as the most powerful trailer 
mounl.ed concrete pump in their line up. The 
Super Mustang delivers 61 m3 an hour, with a 
maximum pumping height of 152 m and a maxi­
mum pumping distance of 610 m. 

The Super Mustang 80 is powered by a 
turbo-charged, 6-cylinder, water-cooled, 131 
kilowau diesel engine. The engine power and 
innovative pumping design combine LO produce 
82 bar pressure on the concrete in the high 
capacity mode and 114 bar pressure in the high 
pressure mode. 

The heart of the Super Mustang is the cast 
steel swing valve, designed to provide a nearly 
straight-line flow of concrete. The flow-through 
swing valve cylinders provide smooth shifting 
and positive swing valve location before the main 
concrete pumping cylinders start to discharge. 
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Super Mustang Morgan 80 

Fast cycling and consistent pump perfonnance 
are achieved by using the full flow of the main 
hydraulic pump through the two flow-through 
cylinders, which enables the swing valve to 
throw in each direction at the same speed. 

The 175 millimeter inlet and 175 millimeter 
outlet enable the pump to handle difficult mixes. 
The 175 miJlimeter outlet means there is no 
reduction in the pump. Reduction to line size is 
done in the pipeline, which increases the wear life 
of the swing valve and all pump components. 

The super heavy-duty charging hopper pro­
vides greater strength and rigidity for better seal­
ing and longer life of the wear parts. The hopper 
is designed LO withstand the 114 bar pressure that 
can be attained in the high pressure mode. 

TheSuperMustang 80comesequippedwith 
all the standard features of the Mustang line. 
Among the options included are a water wash 
system complete with hose and wand, an on-off­
reverse remote control with 31 m of cable , an air 
compressor and hydraulic rear stabilizers. 

(News, Paulsen Advertising, Inc. November 
1990) 
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CALL FOR PAPERS 

FOURTH INTERNATIONAL SYMPOSIUM ON FERROCEMENT 

22-25 October 1991 

Havana, Cuba 

CONFERENCE THEME 
" Ferrocement : Its Role in Construction 

Development" 

COVERAGE 
• Mechanical Properties 

• Research and Development 

• Standards and Codes 

• Construction Technology 

• Use of Ferrocement in Housing 

• Use of Ferrocement in Marine 
Projects 

• Use ofFerrocement in Rural Projects 

• Reservoirs and Pools 

• OtherUses 

• National Experiences 

ROUND TABLE MEETINGS 

Three round tables will be organized on the 
following topics: 

• Ferrocement Ships: Construction, 
Maintenance and Durability 

• Ferrocement Houses: Present and 
Future Perspectives 

• Standards and Specifications: 
International Standard 

SHORT COURSE 

Short course will be organized on 17-19 
October 1991 covering several broad areas on 
ferrocement like: 

• Mechanical Properties of 
Ferrocement 

• Structural Analysis and Design 

• Past, Present and Future 
Applications of Ferrocement 

• Practical Works in the Construe tion 
of Ferrocement Items for Houses 
and Pools 

LANGUAGES 

The officail language of the Symposium and 
Short Course are English and Spanish. 

CALL FOR PAPERS 

The final paper should not exceed ten pages. 
Two copies of the final paper should be submitted 
before April 1991. Confirmation of the final 
acceptance of papers will be on June 1991. 

For further Information, write to: 

International Conference Center 
Calle 146, Entre 11Y13, Playa 
P.O. Box 16046, La Habana 
Cuba 
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Universidade Sao Paulo 
Av. Dr. Carlos Botelho 
13,560 Sao Carlos 
Brazil 
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Brazil 

Mr. Fausto C. Tarran 
P.O. Box 20001 
0100 Sao Paulo 
Brazil 

CANADA 

Dr. Colin Deane Johnston 
Departtnent of Civil Engineering 
University of Calgary 
Calgary, Alberta T2N 1N4 
Canada 

Mr. Angus D. Galbraith 
Box 518, Lake Cowichan 
British Colwnbia VOR 260 
Canada 

Mr. Ernest W. Watchor 
CEFER Designs Ltd. 
8991 River Road 
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B.C. V6X 1Y6 
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CHINA 

Mr. LI Hui-Xiang 
Building Design Institute 
China National New Bldg. 
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China 

Mr. Xlaoyong Zhang 
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DENMARK 

Mr. Michael Edward Freddie 

The School of Architecture 
Institute of Building Science 
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DK-1050 Copenhagen K. 
Denmark 
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Technological Institute 
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P.O. Box 4685 
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FRANCE 

Mr. Alain Armane Dupuis 
SARL Chantier Naval de St. Jean 
D'Angle 
17620 Saint Agnant 
France 

Mr.J. Fyson 
Grand Rue 
53570 Correos (Var) 
France 
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Mr. Rene Lepee 
SARL Chantier Naval de St. Jean 
D'Angle 
17620 Saint Agnant 
France 

Mr. Adam Michel 
9 rue la Perous 
75 784 Paris Cedex 16 
France 

FEDERAL REPUBLIC OF 
GERMANY 

Dr. Edwin Bayer 
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Weisbaden 
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Germany 

GREECE 
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Chair of Reinforced Concrete 
National Technical University of 
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GUATEMALA 

Mr. Francisco Javier Quinonez 
4a. Calle 9-13, Z. 7 
Guatemala C.A. 

HONGKONG 

Mr. Peter E. Ellen 
Peter Ellen and Associates Ltd. 
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INDIA 

Mr. E. Abdul Karim 
Structmal Engineering Research 
Centre 
CSIR Campus 
1TI1, Tharamani P.O. 
Madras 600 113 
India 
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Agricultural Engineering 
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Education 
University of Udaipur 
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India 
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lopment Division, Research and 
Development Center for Applied 
Physics, Indonesian Institute of 
Sciences, J.L.K.S Tuban-3, P.O. 
Box 15, Subang (West Java), 
Indonesia. 

Mr. Ansborl Djausal 
Civil Engineering Department 
Universitas Larnpung 
Larnpung 
Indonesia 

Dr. Nllyardl Kahar 
Lembaga Fisika Nasional-UPI 
n. Cisitu-Kompleks UPI 
Bandung 
Indonesia 

Mr. Ron Van Kerkvoorden 
Rural Water Supply Project 
West Java Indonesia 
n. Banda25 

Bandung 
Indonesia 

Mr. Ajl Harl Slswoyo 
PT. WASECOTIRTA 
Consultants for Water Supply, 

Sanitation and the Environment 
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Prof.Dr. Yoshlhlko Obama 

n. Aditiawarman 28 FAO, Via delle Tenne di Deparunent of Architecture 
P.O. Box 116/KBT Caracalla College of Engineering 
Kebayoran Baru, Jakarta Rome Nihon University 
Indonesia Italy Koriyama 

Fukushima-Ken, 963 
Mr. David James Wells Prof.Dr. Franco Levi Japan 
P.O. Box 410 Departamento Ingegneria 
Jayapura, Irian Jaya S trutturale Mr. Atsushl Shirai 
Indonesia Politecnico Deparunent of Housing and 

Mr. Wlnarto Corso Duca degli Abrul..2.i 24 Planning 

10129 Torino Faculty of Home Economics 
P.O. Box 19 Bulaksumur Italy 

Tokyo Kasei Gakuin University 
Yogyakarta 2600 Aihara-Machi 
Indonesia 

Dr. Enrico Ronzoni 
Machida, 194-02 
Japan 

ISRAEL ISMES S.P.A. - Viale Giulio 
Cesare 29, 24100 Bergamo Dr. Hiroshi Tokuda 

Dr. Flodor (Efralm) Bljuger Itay Deparunent of Civil Engineering 

Building Research Institute Akita University 

Technion City JAPAN 1-1, Tegata gakuen-cho 

Haifa32000 Akita-Shi 010 

Israel Mr. Hajlme Inoue 
Japan 

Dr. Zvl Relchverger Ship Structure Division 

Geula Str. 28n. 
Ship Research Institute KENYA 

Kfar-Sava Ministry of Transport 

Israel 
6-38-1 Shinkawa Dr. R. B. L. Smith 
Mitaka-Shi, Tokyo 181 

Deparunent of Civil Engineering 
Dr. Elisha Z. Tatsa Japan University of Nairobi 
Faculty of Civil Enginering 

Dr. Makoto Kawakami 
P.O. Box 30197 

Technion Israel Institute of Nairobi 
Technology Akita University Kenya 

Technion City, Haifa 32000 1-1, Tegata Gakuen-Cho 

Israel 
Akita-Shi 010 KOREA 
Japan 

Mr. Slmcha Yom-Tov Dr. Hun Chol Kim 
Kibutz Dalia 18920 Mr. Yuki Kobayashi 

Israel Ship Structure Division P.O. Box 1 

Ship Research Institute Daeduk Science Town 

ITALY Ministry of Transport Chung Nam, Korea. 

6-38-1 Shinkawa 
MALAYSIA 

Mr. Vittorio Barberio Mitaka-Shi, Tokyo 181 
Via Ombrone 12 Japan 
00198 Roma Mr. ,\bang AU Abang Abdullah 
Italy Mr. Yoshltaka Mlmorl Deparunent of Civil and 

Dr. Fabrizio Cortelazzl Sayama-City-Heits No. 307 Environmental Engineering 

c/o Cantiere Navale IDSEA Irumagawa 3-10-Z Faculty of Engineering 

Via Ponserone 5-16037 Sayama City, Santima Universiti Pertanian Malaysia 

Riva Trigoso (GE) Japan 43400 UPM, Serdang 
Selangor 

Italy 
Dr. Jlro Murata 

Malaysia 

Mr. John Forbes Fyson 104-7, Ozone Minato-Ku Mr. Juharl bin Husln 

Fishery lndustties Officer 
Y okohama-shi Faculty of Fisheries and Marine 

Division 
Japan Science 
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University of Agriculture THE NETHERLANDS P.O. Box 74-167 
Malaysia, Mengabang Talipot Market Road 
K. Trengganu, Trengganu 

Mr. Chris J.A. Hakkaart 
Auckland 5 

Malaysia New Zealand 
Simonsstraat 88, 2628 TJ 

Mr. Syed Mansur bin Syed Junld Delft Mr. Brian W111lam Donovan 
Departtnent of Civil and The Netherlands 
Environmental Engineering 30/109 Mt Smart Road 

Faculty of Engineering Mr. H. Horman 
Onehunga 

Universiti Pertanian Malaysia Auckland6 
43400 UPM, Serdang Stadhouderslaan 83 New Zealand 
Selangor 3116 HL Schiedam 
Malaysia The Netherlands Mr. Everard Ralph Sayer 

Dr. John Chow Ang Tang Mr. Leewls 
P.O. Box 3082 

Structural Concrete Sdn. Bhd. P.O. Box 3231 
Onerahi, Whangerei 

No. 44 Jalan Radin Anwn 2 5203 De's Hertogenbosch 
New Zealand 

Seri Petaling, 57000 Kuala 
Lumpur 

The Netherlands 

Malaysia 
Mr.K.B. Lub 

NIGERIA 

MEXICO University of Technology 
Edinhoven , Faculty of Mr. Olusequn Adedejl 

Mr. Alfonso Cardoso Medina Architecture, Group Structure Segun Adedeji Associates 

Apartado Postal 2325-B Durango Postvak 7, Postbo 513-5600 MB P.O. Box 1969 

DGO. C.P. 34000 Edinhoven, Netherland. Shomolu, Lagos 

Mexico Nigeria 
Mr. Cees Pleck 

NEPAL Public Health and Environmental 
Engineering Department 

PAKISTAN 

Mr. Plyadasa Kulatunga DHV Consulting Engineers 

c/o UNDP Office Breukelen, Orttswarande 22 Mr. Mahmood A. Futehally 

P.O. Box 107 3621 XP Merin Limited, Data Chambers 

Kathmandu The Netherlands M.A. Jinnah Road 

Nepal 
Ir. Caspar L.P.M. Pompe 

P.O. Box 4145, Karachi-2 
Pakistan 

Mr. Krishna Raj Pandey Bonelroos 8 

Chakratirth Gaon Panchayat 2651 XH Berkel en Rodenrijs Mr. Sahlbzada Farooq Ahmad 

Alkatar-6, Lamjung District The Netherlands Rareeql 

Nepal 
Civil Engineering Departtnent 

Dr. Plet Stroeven NED University of Engineering 

Mr. Bljaya Gopal Rajbhandarl H. Casimirstraat 154 and Technology 

P.O. Box 1187 Vlaardingen 
Karachi 75270 
Pakistan 

UNICEF The Netherlands 

Kathmandu 
Nepal 

Mr. Jette Waltevs PAPUA NEW GUINEA 
FCS, P.B. 3090 

Mr. Raj Dass Shrestha 
9701 DB Groningren Mr. Steve Layton 

Research Centre for Applied 
The Netherlands VIRTU 

Science 
Box 378, ARA WA 

NEW ZEALAND North Solomons 
and Technology (RECAST) Papua New Guinea 

Tribhuvan University 
Kirtipur Mr. Douglas Alexander Mr. Charles Nakau 
Nepal Alexander and Associates Appropriate Technology 
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Development Institute 
P.O. Box 798 
Lae. Morobe Province 
Papua New Guinea 

Mr. Robert Hawkins 
Local Government 

Engineering Section 
Dept. of Works and Supply 
P.O. Box 636 Lae 
Papua New Guinea 

PHILIPPINES 

Mr. Vicente S. Travlha 
Aquaculture Department 
Southeast Asian Fisheries 
Development Center 
Tigbauan, lloilo 5928 
Philippines 

Mr. Rodolfo Torrefranca Tolosa 
Tolosa Builders Inc. 
Las Palmas Subdivision 
Jaro, lloilo City 
Philippines 

POLAND 

Dr. Lech Czarnecki 
. Institute of Technology and 
Organization of Building 
Production 
Civil Engineering Department 
Warsaw Technical University 
Al. Armii Ludowej 16 
00-637 Warszaw, Poland 

Dr. Jan Grabowski 
Ferrocement Research Laboratory 
Technical University of Warsaw 
ul. Stupecka 7m 35 
02-309 Warszawa 
Poland 

Dr. Andrzej Mackiewicz 
Bonifraterska lOB/54 
00 213 Warszawa 
Poland 

Dr. Jan Mlchajlowskl 
Prominskeigo 29/43 
93-281 Lodz 
Poland 
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Dr. Michal Sandowlcz: 
Ferrocement Research Laboratory 
Technical University of Warsaw 
ul. Warskiego 25 
02-645 Warsawa 
Poland 

Dr. Grzegorz Strzelecki 
Olimpijska 3m 48 
94-043 Lodz 
Poland 

Mr. Jan Sclblor 
u.I W archalowskiego 11 m 34 
02-726 Warszawa 
Poland 

Dr. Bernard Ryszard Walkus 
Technical University of 
Czestochowa 
Malachowskiego 80 
10-159 Lodz 
Poland 

SAUDI ARABIA 

Dr. Islem Ahmed Basunbul 
Civil Engineering Department 
King Fahd University of 
Petrolewn and Minerals 
Box 617, Dhahran 31261 
Saudi Arabia 

Dr. Ghazi J. AI-Sulalmanl 
Civil Engineering Department 
King Fahd University of 
Petrolewn and Minerals 
Box 617, Dhahran 31261 
Saudi Arabia 
SINGAPORE 

Dr. P. Paramaslvam 
Department of Civil Engineering 
National University of Singapore 
Kent Ridge 0511 
Singapore 

SOUTH AFRICA 

Mr. B.J. Addis 
P.O. Box 168 
Halfway House 1685 
South Africa 

Mr. Ian Pearson 
Division of Water Technology 
CSIR, P.O. Box 395 
Pretoria 0001 
South Africa 

Mr. J.L. Rivett Carnal 
Appropriate Technology 
Information 
P .0. Box 11070 
Dorpspruit, Pietermaritzburg 
3206 Natal 
South Africa 

SRI LANKA 

Mr. M.F. Marikkar 
54 Davidson Road 
Bampalapitiya, Colombo 4 
Sri Lanka 

SWEDEN 

Ms. Kerstin Kohler 
John Ericssonsgatan 4 
112 22 Stockholm 
Sweden 

SWITZERLAND 

Mr. Mueller Heinrich 
c/o SKAT Varnbuelstrasse 14 
CH- 9000 St. Gallen 
Switzer Ian 

Mr. Hans D. Sulzer 
Mineraltech - H.D. Sulzer 
485 Hohlstrasse 
8048Zurich 
Switzerland 

TANZANIA 

Mr. Michael Henry Leach 
Mbega Melvin Consulting 
Engineering 
P.O. Box425 
Arusha 
Tanzania 

Dr. A.A. Makange 
Tanzania Portland Cement Co., 
Ltd. 
P.O. Box 1950 
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Dar-Es-Salaam 
Tanzania 

THAILAND 

Mr. Sorapoj Kanjanawongse 

Amphur Muang 
PY A Nakom Sri Ayuthaya 
Thailand 

Prof. Worsak Kanok-Nukulchal 
Divi:;ion of Structural 
Engineering and Construction 
Asian Institute ofTeclmology 
G.P.O. Box 2754, Bangkok 10501 
Thailand 

Dr. Picha! Nlmltyongskul 
Division of Structural 
Engineering and Construction 
Asian Institute of Teclmology 
G.P.O. Box 2754, Bangkok 10501 
Thailand 

Mr. Jens Overgaard 
United Nations ESCAP 
Bangkok 10200 
Thailand 

Dr. Ricardo P. Pama 
Vice-President for Development 
Asian Institute ofTeclmology 
G.P.O. Box 2754, Bangkok 10501 
Thailand 

Mrs. LIUa Robles-Austrlaco 
International Ferrocement 
Information Center 
Asian Institute ofTeclmology 
G.P.O. Box 2754, Bangkok 10501 
Thailand 

Mr. Suddhlsakdl Samrejpra­
song 

Building Materials Laboratory 
Thailand Institute of Scientific 
and Technological Research 
196 Phahonyothin Road. Bangkok 
Thailand 

Mr. Narong Sukapaddhanadbl 
Metallurgical and Ceramic 
Engineering Laboratory 

Thailand Institute of Scientific 
and Technological Research 
196 Phahonyothin Road 
Bangkhen, Bangkok 
Thailand 

Mr. Michael Verrier 
c/o Mrs. Chantana lsrangkul 
590 Moo 2, Sukhumvit 107 
Soi Berring, Samul Prak.am 10270 
Thailand 

TONGA 

Mr. Lloyd Howard Belz 
P.O. Box 908, Nukualofa 
Tonga 

TRINIDAD AND TOBAGO 

Mr. Richard Patrick Clarcke 
46 Belle Eau Road 

'Belmont 
Pon-0f-Spain 
Trinidad, West Indies 

UGANDA 

Mr. Bijaya Gopal Rajbhandarl 
P.O. Box 7047 
UNICEF, Kampala 
Uganda 

U.K. 

Dr. A.A. Alwash 
17 Bakehouse Lane 
Barnsley, South Yorkshire 
U.K. 

Dr. E.W. Bennett 
The University of Leeds 
Department of Civil Engineering 
Leeds LS2 9 IT 
U.K. 

Mr. A.,J.K. Blsbrown 
Storage Department 
Tropical Development and 
Research 
London Road. Slough Berks 
U.K. 

Mr. Colin Brookes 

Hanley and Brookes Boat Design 
Ltd. 

Heybridge Basin 
Maldon, Essex 
U.K. 

Mr. Peter Finch 

437a Pode Rd 
Branksome 
Poole, Dorset 
U.K. 

Mr. Patrick J. Jennings 
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NCL Stewart Scott Ltd. 
192-198 Vauxhall Bridge Road 
London SWl V IDX 
U.K. 

Mr. Brian Malcolm Jones 

BarFab Reinforcements 
Alma Street 
Smethwick, Warley 
West Midlands B6 6ZRR 
U.K. 

Mr. Robert Gowan MacAllster 

MacAlister Elliott and Partners 
Ltd. 
56 High Street 
Lymington, Hants S041 9AH 
U.K. 

Mr. Paul NedweU 

Department of Civil and 
Structural Engineering 
UMIST, P.O. Box 88 
Manchester M60 lQD 
U.K. 

Mr. John Michael Pemberton 

Restrock Ltd. 
36 Alder Hill Grove 
Leeds LS? 2PT 
U.K. 

Mr. Derek Vincent Russel 

Astmore House 
194 Abbey Hey Lane 
Abbey Hey, Manchester 
Ml88TW 
U.K. 

Mr. Theo Schllderman 

Intermediate Technology 
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Development Group Ltd. 
Myson House, Railway Terrace 
Rugby CV21 3HT 
U.K. 

Dr. Ramnath Narayan Swamy 
Department of Civil and 
Structural Engineering 
University of Sheffield.Mappin 
St,Sheffield Sl 3JD, U.K. 

Mr. Jeremy Martin Morrison 
Turner 
Lamas Manor 
Norwich NR 10 5JQ 
U.K. 

Prof. Charles Bryan WUby 
Schools of Civil and Structural 
Engineering 
University of Bradford 
Bradford, Yorkshire BD7 lDP 
U.K. 

U.S.A. 

Dr. Perumalsamy N. Balaguru 
Department of Civil Engineering 
Rutgers The State University of 
New Jersy 
Box 909 
Piscataway, NJ 08854 
U.S.A. 

Mr. RusseU J. BarteU 
615 SW St. Lusie St 
Stuart, FL 33497 
U.S.A. 

Dr. Gary Lee Bowen 

P.O. Box 2311 
Sitka, AK 99835 
U.S.A. 

Mr. John R. Gusler 
6893 S Sectionline Road 
Delaware, OH 43015 
U.S.A. 

Dr. George C. Hoff 
Mobil Research and Development 
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Corp. 
P.O. Box 819047 
Dallas, Texas 75381 
U.S.A. 

Mr. Martin E. Iorns 
Ferrocement Laminates 
1512 Lakewood Drive 
W. Sacramento, CA 95691 
U.S.A. 

Prof. Antoine E. Naaman 
Department of Civil Engineering 
The University of Michigan 304 
2340 G.G. Brown 
Ann Arbor, MI 48109 
U.S.A. 

Mr. Louis Pevarnik Jr. 
P.O. Box 683 
Latrobe, PA 15650 
U.S.A. 

Dr. S.P. Prawel Jr. 
Department of Civil Engineering 
State University of New York at 
Buffalo 
231 Ketter Hall 
Buffalo, NY 14260 
U.S.A. 

Mr. Steven Iddings 

5825 Horsehoe Bend Road 
Ludlow Falls, OH 45330, U.S.A 

Mr. Guruvayur Subramanlam 
Ramaswamy 
Department of Civil Engineering 
University of Arizona 
Tucson, AZ 85721 
U.S.A. 

Dr. Andrei Relnhorn 
Department of Civil Engineering 
State University of New York at 
Buffalo 
231 Ketter Hall 
Buffalo, NY 14260 
U.S.A. 

Mr. Eldred Hiter Robinson ill 
6055 Flamingo Dr. 

sl4, Roanoke 
Virginia 
U.S.A. 

Dr. James Romualdl 
Department of Civil Engineering 
Carnegie-Mellon University 
U.S.A. 

Dr. GaJanan M. Sabnls 
13721 Town Line Rd. 
Silver Spring, MD 20906 
U.S.A. 

Mr. Stevie Smith 
5100 Channel Ave. 
Richmond, CA 94804 
U.S.A. 

Prof.Dr. Michael A. Taylor 
Civil Engineering Department 
University of California at Davis 
Davis, CA 95616 
U.S.A. 

Mr. Lois L., Jr. Watson 
1708 Ferndale Circle 
West Sacramento 
CA95691 
U.S.A. 

Prof. Robert Brady Williamson 
Department of Civil Engineering 
University of California 
773 Davis Hall 
Berkeley, CA 94720 
U.S.A. 

Dr. Ronald F. Zollo 

Department of Civil Engineering 
University of Miami 
Coral Gables, FL 33124 
U.S.A. 

VANUATU, SOUTH PACIFIC 

Mr. Gerald James Neuburger 

P.O. Box 240 
Santo 
Vanuatu, Southwest Pacific 
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The Ferrocement Information Networks was established to facilitate and to ac.celerate the flow of 
information among users in developing countries. Each node serves as repository of documents on ferrocement 
and as redistribution point within the country. Each node offers user orientation in ferrocement, i.e. introduces 
advantages of ferrocement, familiarizes users with its applications, etc.; conducts training courses at the local level 
in ferrocement use; and adapt IFIC information materials to local needs. 

BANGLADESH INDIA MEXICO 

Bangladesh University or University or Roorkee Instituto Mexicano del Cementa 
y del Concrete 

Engineering and Technology Department of Civil A.C. (IMCYC) 
Civil Engineering Department Engineering Insurgentes Sur 1846 
Dhaka 1000 Roorkee 24 7667 01030 Mexico, D.F. 
Bangladesh India Mexico 
Coordinator: Coordinators: Coordinator: 

Dr. A.M. Taufiqul Anwar 
Dr. DN. Trikha Ing. Julio Ernesto Lira 
Dr. S.K. Kaushik 

PAKISTAN 

CHINA INDONESIA NED University or 

Institut Teknologi Bandung 
En~ineering and Technology 

Dalian University or University Road 
Technology Center for Research on Karachi - 75270 

Structural Laboratory Technology Pakistan 
Institute for Research Coordinator: 

Dalian, 116024 P.O. Box 276 Dr. Sahibzada Farooq Ahmed 
China Bandung 
Coordinator: Indonesia 

Professor Zhao Guo/an Coordinating Commiuee: PHILIPPINES 
Dr. W. Merati 
Mr. Ansori Djausal Philippine Council ror 
Mr. Umar Handajo Industry & Energy Research 

CUBA Ms. Anna R. Gani & Development 
Dr. Puti Tamin Department of Science and 

Technical Inrormation Technology 

Center MALAYSIA Rm 306, 3rd Fir. 
DOST Bldg. Science 

Empresa de Proyectos de Obras Community Complex 
para el Transporte Universiti PertanianMalaysia Gen. Santos A venue 
Oficios 172, La Habana 1 Faculty of Engineering Bicutan, Taguig, MM 
Cuba Serdang, Selangor Philippines 

Coordinator: Malaysia Coordinators: 
Coordinator: Dr Ing. Adolfo Jesus R. Gopez 

Mr. Fidel Delgado Prof. A. A. Abang Abdullah Engr Edgardo Santibanez 
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SAUDI ARABIA 

King Abdul Aziz 
University 

Department of Civil 
Engineering 

Jeddah 21413 
Saudi Arabia 
Coordinator: 
Dr. SJ. Al-Noury 

TRINIDAD, WEST INDIES 

University or the West Indies 
Department of Civil 
Engineering 
St. Augustine, Trinidad (W.I.) 
Coordinators: 
Dr. A.K. Sharma 
Dr. R. Osborne 
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UNITED KINGDOM 

University or Manchester 
Institute or Science and 
Technology (UMIST) 

Department of Civil and 
Structural Engineering 

P.O. Box 88, Manchester 
U.K.M60 IQD 
Coordinators: 
Mr. Ian Vickridge 
Mr. Paul Nedwell 

VIETNAM 

Institute or Communication 
and Transport 
Ferrocement Center 

Cau giay, Hanoi 
Vietnam 
Coordinator: 
Mr.Do Toan 

VIRGIN ISLANDS 

University or the Virgin 
Islands 

Water Resources Research 
Center 
St. Thomas, U.S. V.1.00802 
Coordinalor: 
Dr. J.H. Khrishna 
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Ferrocement basic reference collection is available in the following IFIC Reference Centers. Each 
Center has a resource person who will entertain queries on ferrocement 

ARGENTINA 

Universidad Nacional del Sur 
Civil Engineering Department (Concrete Area) 
A vela. 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 (BJ.T.) 
Civil Engineering Department 
Khulna 
Bangladesh 
Resource Person: Mr. AK.M. Ak.hlaruzzaman 

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

Civil Engineering Department 
Dhaka 1000 
Bangladesh 
Resource Person: Dr. A.M.M.T. Anwar 

BRAZIL 

Associacao Brasileira de Cimento Portland 
Av. Torres de Oliveira, 76 
05347 Sao Paulo/Sp 
Brazil 
Resource Person: Mr. Adriono Wagner Ballarin 

Bionatura Community 
Rua Rui Barbosa 11 
69980 Cruzeiro Do Sul 
(Acre), Brazil 
Resource Person: Mr. Jorge Almeida 

Pontificia Universidade Catolica do Rio 
de Janeirio 

Civil Engineering Library 
Rua Marcpues de Sao Vicente 225 
Gavea 22.453, Rio de Janeiro 
Brazil 
Resource Person: Prof K. Ghavami 

Universidade Catolica de Pelotas 
Laboratory of Material Resistance/ 
Construction Materials 

Rua Felix de Cunha, 412 
Caixa Postal 402, Pelotas 
RS, Brazil 
Resource Person: Mr. Sergio Lund Azevedo 

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 
Mterial Technology 
Casilla 110-V, Valparaiso 
Chile 
Resource Person: Professor Pablo Jorquera 

CHINA 

Dalian Institute or Technology 
Structural Laboratory 
Dalian, 11()()24 
China 
Resource Person: Professor Zhao Guo/an 

Research Institute of Building Materials 
and Concrete 

Guanzhuang, Chaoyang District 
Beijing 
China 
Resource Person: Mr. Lu Huitang 

Suzhou Concrete and Cement Products 
Research Institute 

Infonnation Research Department 
State Administration of Building Materials 

Industry 
Suzhou, Jiangsu Province 
China 
Resource Person: Mr. Xu Ruyuan 

COLOMBIA 

Universidad del Cauca 
Facultad de Ingenieria Civil 
Popayan 
Colombia 
Resource Person: Prof Rodrigo Cajiao V. 
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CUBA 

Technical Information Center 
Empresa de Proyectos de Obras para el 

Transporte 
E.P.O.T No. 3, Offcios, 172 
P.O. Box ()(), 10100 La Habana 
Cuba 
Resource Person: Mr. Fidel Delgado 

ECUADOR 

Pontificia Universidad Catolica del Ecuador 
Facultad de Ingenieria 
Apartado 2184 
12 de Octubre y Carrion, 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 
El Salvador 
Resource Person: Ing. Roberto 0. Salazar M. 

ETHIOPIA 

University or Addis Ababa 
Faculty of Technology 
Department of Civl Engineering 
P.0.Box 385 
Addis Ababa 
Ethiopia 
Resourse Person: Dr. 'Zawde Berhane 

GHANA 

University or Science and Technology 
School of Engineering 
Kumasi 
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Ghana 
Resource Person: Prof M. Ben-George 

GUATEMALA 

Centro de Estudios Mesaomericano sobre 
Technologia Apropriada (CEMAT) 

Cemat's Documentation Center 
la. Av. 32-21 Zona 12 
Guatemala 
Resource Person: Mr. Edgardo Caceres 

Centro de Investigaciones de lngenieria 
Edificio T-5 
Faculdad de Ingenieria, USAC 
Ciudad Universitaria, Zona 12 
Guatemala 
Resource Person: Ing. Javier Quinonez 

Universidad de San Carlos de Guatemala 
Central Library Architecture 
Facultad De Arquitectura USAC 
Ciudad Universitaria, Zona 12 
Guatemala City 
Guatemala 
Resource Person: Lie. Raquel P. de Recinos 

HUNGARY 

Central Library of the Technical University 
of Budapest 

H-111 Budapest 
B udafoki UL 4 
Hungary 
Resource Person: Dr. Eng. Imre Lebovils 

INDIA 

Auroville Building Centre 
Auroshilpham 
Auroville 605 104 
Tamil Nadu 
India 
Resource Person: Mr. Gilles Guigan 

BAIF 
Infonnation Resource Center 
Pradeep Chambers 
Bhandarkar Institute Road 
Pune 411 006 

Calicut Regional Egnineering College 
P.O. Calicut Regional Engineering College 
Calicut 673601, Kevala 
India 
Resource Person: Dr. K. Subramania Iyer 

Malaviya Regional Engineering College 
Jaipur 302017, Rajasthan 
India 
Resource Person: Dr. M. Raisinghani 

University of Roorkee 
Department of Civil Engineering 
Roorkee 247667 
India 
Resource Person: Dr. S.K. Kaushik 
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Indian Institute of Technology, Madras 
Department Library of Building Technology 
Division 
Building Science Block 
Madras 036 
India. 
Resource Person: Dr. T.P. Ganesan. 

INDONESIA 

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

Ir. M. Amin llayal 

lnstitut Teknologi Bandung 
Center for Research on Technology 
Institute for Research 
P.O. Box 276 
Bandung, Indonesia 
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Resource Person: Dr. Widiadnyana Merati 
Ir. Oemar Handojo 
Dr. Puti Tamin 

Petra Christian University 
Jalan Siwalankerto 121-131 
Tromolpos 5304, Surabaya 
Indonesia 
Resource Person: Mr. HurijanJo Koentjoro 

University Lampung 
Civil 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 
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 AdnanB. A. Malek 

Universiti Sains Malaysia 
School of Housing, Building and Planning 
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11800 USM, Minden, Penang 
Malaysia 
Resource Person : Ir. Mahyuddin Ramli 

Universiti Teknologi Malaysia 
Faculty of Engineering 
Karung Berkunci 791 
80990 Johor Bahru, Johor 
Malaysia 
Resource Person: Dr. Mohd. Warid Hussin 

MEXICO 

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

Insurgentes Sur 1846 
C.P. 01030, Col. florida 
Deleg, Alvaro Obregon 
Mexico, D.F. 
Resource Person: Ing. Ernesto Lira 

Universidad Autonoma de Nuevo Leon 
Civil Engineering Institute 
Civil Engineering Faculty 
Apdo, Postal 17 
San Nicolas de los Garza 
Nuevo Leon 
Mesico 
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 
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New Baneswor, Kathmandu 
Nepal 
Resource Person : Mr. Anil Adhikari 

Ministry of Housing and Physical Planning 
S.P.O. Bahar Mahal 
Kathamndu 
Nepal. 
Resource Person: Mr. Lakhraj Upadhay 

NIGERIA 

University of Ibadan 
Department of Ci vii Engineering 
Ibadan 
Nigeria 
Resource Person: Dr. G.A. Acade 

University of Ilorin 
Department of Ci vii Engineering 
P.M.B. 1518, Ilorin 
Nigeria 
Resource Person: Dr. O.A. Adetifa 

PAKISTAN 

NED University of Engineering and 
Technology 

University Road 
Karachi - 75270 
Pakistan 
Resource Person: Dr. Sahibzada F arooq Ahmed 

University of Engineering and Technology 
Faculty of Civil Engineering 
Lahore 31 
Pakistan 
Resource Person: Professor Ziauddin Main 

PAPUA NEW GUINEA 

Village Industry Research and Training 
Unit (VIRTU) 

Box 14, Kieta 

North Solomons Province 
Papua New Guinea 
Resource Person: Gilli Bentz 

PERU 

Pontificia Universidad Catolica del Peru 
Laboratorio de Resistencia de Materials 
Dpto. de Ingenieria 
Apartado 12534, Lima 21 
Peru 
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Resource Person: Ing. Juan Harman In/antes 

PHILIPPINES 

Capiz Development Foundation 
Indorporated 
P.O. Box 57, Roxas City 
Capiz, Philippines 
Resource Person: Engr. Lorna Berna/es 

Central Philippine University 
College of Engineering 
Jaro, Iloilo City 5000 
Philippines 
ResourcePerson:Engr.Prudencio L. Magallanes 

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

MSU-lligan Institute of Technology 
College of Engineering 
Department of Civil Engineering 
9200 Iligan City 
Philippines 
Resource Person: Prof. Daniel S. Mostra/es 

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

Rm. 306, 3rd Floor 
Science Community Complex 
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Gen. Santos A venue 
Bicutan, Taguig, Metro Manila 
Philippines 
Resource Person: Mr. Edgardo P. Santibanez 

Tulungan sa Tubigan Foundation 
2nd Aoor, Dona Maria Building 
1238 EDSA, Quewn City 
Philippines 
Resource Person: Ms. Mediatrix P. Valera 

University of Nueva Caceres 
College of Engineering 
Naga City, Philippines 
Resource Person: Engr. Andrie P. Fruel 

University of the Philippines 
Building Research service 
National Engineering Center Bldg. 
Diliman, 1101 Quezon City 
Philippines 
Resource Person: Professor Jose Ma. de Castro 

PUERTO RICO 

University of Puerto Rico 
Materials Laboratory 
Faculty of Engineering, Mayaguez 00708 
Puerto Rico 
Resource Person: Professor Roberto Huyke 

REPUBLICA OOMINICANA 

Universidad Catolica Madre y Maestra 
Santiago de los Caballeros 
Republica Dominicana 
Resource Person: Professor Ing. 0. Franco 

REPUBLIC OF UGANDA 

Integrated Rural Development Center 
P.O.B. 31, Lake Katkie 
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Republic of Uganda 
Resource Person: Mr. John Baptist 
,ROMANIA 

Institutul Politechnic 
Laboratorul de Beton Armat 
Str. G. Baritiu nr. 25, Ouj Napoca 
Romania 
Resource Person: Ing. Ladislau Szigeti 

SAUDI ARABIA 

King Abdulaziz University 
Department of Civil Engineering 
P.O .. Box 9027, Jeddah 21413 
Saudi Arabia 
Resource Person Dr. SJ. al-Noury 

SIERRA LEONE 

Water Supply Division 
Leone House (3rd floor) 
Siaka Stevens Street 
Freetown, Sierra Leone 
Resource Person: A.E. Harleston 

SOUTH AFRICA 

Division of Information Services 
CSIR 
P.O. Box 395 
Pretoria 000 l 
South Africa 
Resource Person: Mrs. SA. Townsend 

Portland Cement Institute 
P.O. Box 168 
Halfway House 1685 
South Africa 
Resource Person: Engr. BJ. Add.is 

SRI LANKA 

National Building Research Organization 
Ministry of Local Government, Housing 
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and Construction 
99/l Jawatte Road 
Colombo, Sri Lanka 
Resource Person: Mr. Benedict P. Michael 

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 Kiattilwmol 

Nakorn SriThumraj Technical College 
Nakom Sri Thumraj Shipbuilding Center 
Amphur Muang 
Nakom Sri Thumraj 
Thailand 
Resource Person: Mr. Sorapoj Karnjanawongse 

Nongkhai Industrial and Boatbuilding 
Training Centre 
AmpurMuang 
Nongkhai 43000 
Thailand 
Resource Person: Mr. Songsawat Tiphyalwngka 

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 
Department of Civil Engineering 
St. Augustine 
Trinidad and Tobago 
Resource Person: Dr. Robin WA. 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 
Turkey 
Resource Person: Dr. Bulent Baradan 

UNITED KINGDOM 

University of Leeds 
Civil Engineering Department 
Leeds LS2 9JT 
U.K. 
Resource Person: Dr. G. Singh 

University of Manchester Institute of 
Science and Technology (UMIST) 

P.O. Box 88 
Manchester M60 lQD 
U.K. 
Resource Persons: Mr. Ian Vickridge 

Mr. Paul Nedwell 
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UPPER VOLTA 

Comite Interafricain D'etudes Hydrauliques 
B.P. 369, 
Ouagadougou 
Upper Volta 

VIETNAM 

Institute or Communication and Transport 
Ferrocement Center 
Hanoi 
VieUlam 
ResoUl'C1!Person: Mr. Do Toan 

Polytechnic University or Ho Chi Minh 
268 Ly Thuong Kiet, QIO 
Ho Chi Minh City 
VieUlam 
Resource Person: Mr. Do Kien Quoc 
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VIRGIN ISLANDS 

University or Virgin Islands 
Water Resources Research Center 
St. Thomas, U.S.V.I. 00802 
Resource Person: Dr.JR. Krishna 

ZIMBABWE 

University or Zimbabwe 
Department of Civil Engineering 
P.O. Box MP 167 
Mount Pleasant, Harate,Zimbabwe 
Resource Person: Dr. A.G. Mponde 

Unh•ersity or Zimbabwe 
Department of Civil Engineering 
P.O. Box MP 167 
Mount Pleasant, Harare, Zimbabwe 
Resource Person: Dr. A.G. Mponde 
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Ghazi J. AL-SULAfMANI 

Dr. Al-Sulaimani is an 
associate professor of the 
Civil Engineering Depart­
ment at the Kfog Fahd Uni­
versity of Pctrolewn and 
Minerals, Dhahran, Saudi 
Arabia. He obtained his B.S. in 1975 from the 
King Fahd University of Petroleum and Miner­
als, Dhahran, Saudi Arabia and his M.S. and Ph. 
D. from the University of Texas al Austin, Texas, 
U.S.A. in 1978 and 1982 respectively. His re­
search activiLies include ferrocement, reinforced 
concreLe, structural dynamics and maLCrials. He 
has published numerous papers on behavior of 
fcrrocemenL 

lslem A. BASUNBUL 

Dr. Basunbul is currently~ \ 

a .facul_ty member of Civil ~n- t~ ~ l \ 
gincenng Department, King 
Fahd University of Petroleum ~ 
and Minerals, Dhahran, Saudi _ 
Arabia. His special interest 
areas are in ferrocement, con-
crete materials, fibrous concrete and durability of 
concrete structures. He received his B.S. from 
the University of Colorado, U.S.A.; M.S. and 
Ph.D. from the University of California, U.S.A. 

Pervez BROHI 

Mr. Brohi has been working with Na­
tiona1 Building Research Institute, Karachi, 

Pakistan since 1981. He 
took his Masters degree in 
physical chemistry from 
University of Karachi in 
1981. From 1976 to 1979 he 
has also worked with Mate­
rial testing laboratory of 
Pakistan steel. His particular 
areas of interest are ferrocemenl, fiber cement 
and cement replacement materials. He has pub­
lished seven research papers in his field of intcr­
esL 

R.P.CLARKE 

Mr. Clarke received his 
M.Phil. degree in 1989 from 
The University of the West 
Indies, Department of Civil 
Engineering. He is currently 
working (part-time) for his .__ _ ___ __, 
Ph.D. at the same institution 
while employed at the Industrial Development 
Corporation of Trinidad and Tobago. He has 
been conducting research on the modelling and 
experimental behavior of ferrocement for the 
past 7 years. 

MING FONG LILIAN IP 

Fong is a structural en­
gineer al Ove Arup and Part­
ners, U.K. She received both 
her Ph.D. and B.Sc. Hons. 
from the University of 
Leeds. 
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Anil K. SHARMA 

Dr. A.K. Sharma is 
a senior lecturer at the De­
partment of Civil Engineer­
ing of The University of the 
West Indies, St. Augutine 
Campus, Trinidad, West In- ~----~ 
dies. Dr. Shanna received his Ph.D. from the 
University of Rajasthan (India) in 1974 and is a 
member of ACI. He has written numerous papers 
in the areas of reinforced concrete under com­
bined loads, reinforced concrete shells, and fiber 
reinforced concrete. Dr. Shanna has been super­
vising research on ferrocement and fiber rein­
forced concrete for the past 7 years. 

G.SINGH 

Dr. Singh has been 
lecturing at the University of 
Leeds since 1974. Before 
joining Leeds he was a lec­
turer at the University of 
New South Wales, Australia. 
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A.M. W ALIUDDIN 

Mr. Waliuddin is a 
senior research officer with 
National Building Research 
Institute, Karachi, Pakistan. 
He took his Bachelor's de­
gree in Civil Engineering 
from NED University ofEnginecring and Tech­
nology, Karachi Pakistan in the year 1980. He 
joined National Building Research Institute in 
1982 as a research Engineer and has been exten­
sively involved with work on low cost construc­
tion techniques. A member of Pakistan Engi­
neering Council, he has several papers to his 
credit in the field of low cost housing and other 
relevant R&D work. 

His teaching and research interests comprise of 
systems approach to construction management, 
structures, geotechnics and materials. Dr. Singh 
is the resource person of the IFIC Reference 
Center at the University. 



J011Tnal of F~"oc~rMfll: Vol. 21, No. 2, April 1991 

FP 159 BEHAVIOR OF FERROCEMENT MATERIAL UNDER DIRECT SHEAR 

KEY WORDS ~ement,shear strength, shear tests, shear failure 
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ABSTRACT: The behavior of ferrocement under direct shear was investigated by conducting axial 
compression tests on Z-shaped specimens reinforced with woven wire mesh producing pure shear on 
the shear plane. The major study parameters were the volume fraction of wire mesh reinforcement Vf . 
. The shear plane and mortar strength. Test results indicate that ferrocement under direct shear exhibits 
two stages of behavior (cracked and uncracked) while under flexure it exhibits, a third stage (plastic 
stage) in addition. The cracking and ultimate shear stresses increase with increasing mortar strength 
and wire mesh reinforcement. Empirical equations have been developed here using regression 
analysis to predict the cracking and ultimate shear stresses in terms of the mortar tensile strength ft and 
Vf The test results also indicate that the shear stiffness in the uncracked stage is not significantly 
affected by the amount of wire mesh; it is mainly affected by the mortar strength. The shear stiffness 
in the cracked stage is affected by both amount of wire mesh and mortar strength. Ductility of 
ferrocement material under direct shear increases with increasing wire mesh reinforcement and 
decreases with higher mortar strength. 

REFERENCE: Al-Sulaimani, G.J. and Basumbul, I.A. 1991. Behavior of ferrocement material 
underdirectshear. Journalo/Ferrocement 21(2): 109-117 

FP 160 EFFECT OF REPEATED LOADING ON CRACKWIDTH OF FERROCEMENT 

KEY WORDS : ferrocement, bending, flexural strength, repeated stress, crackwidt 

ABSTRACT: A ferrocement composite has been studied under repeated loading in flexure. As a part 
of a large program, development of crack widths due to repeated loading are reported. Reliability of 
predictive models is discussed and a new model is proposed. Where knowledge of crack width is 
deemed to be essential it is recommended that the models should be used with due care and not without 
confirming their applicability through physical tests. 
REFERENCE : Singh, G. and M. Fong L. Ip 1991. Effect of repeated loading on crackwidth of 
Ferrocement. Journal of F errocement 21 (2): 119-126 

FP 161 THE EXPERIMENT AL BEHAVIOR OF FERROCEMENT FLAT PLATES UNDER 
BIAXIAL FLEXURE 

KEY WORDS : ferrocement, flexural strength, biaxial loads, bending, plates(structural members) 
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ABSTRACT: The results of an experimental programme talcing into account lamination effects are 
presented and discussed. Twenty-three (23) square, simply-supported ferrocement slabs were tested 
to failure under biaxial flexure. The program was designed to investigate the effects of certain 
variables on the strengths, toughnesses, and mid-point deflection characteristics of a slab. Test 
variables included the through-the-thickness orientation pattern of the meshes; the stacking sequence 
of the meshes; span-to-thickness ratio and in-plane mesh orientation angle. It was concluded that 
lamination effects can considerably affect performance and should be considered in experimental 
work onferrocement and in the modelling of its behavior. 

REFERENCE : Clarke, R.P. and Sharma, A.K. 1991. The experimental behavior of ferrocement flat 
plates under biaxial flexure. Journal of Ferrocemen/ 21 (2): 127-136 

FP 162 USE OF HARD GRASS REEDS IN FERROCEMENT 

KEY WORDS : housing, ferrocement, organic fibers, roofing 
ABSTRACT: An experimental pre-cast roofing element has been constructed for low cost roofing 
system. Hexagonal chicken wire mesh of 12 mm x 24 G, Hard Grass Reeds (HGR) locally known as 
"Sarkanda" and cement mortar were used in this roofing element. Cross -sectional area of the roofing 
panel is 457 mm x 64 mm and the span is 915 mm. About 40% of the cementitious materials have 
been replaced by the HGR. These HGR have also been used to replace the steel reinforcement (skeletal 
steel) which is a costly material , to provide better thermal and sound insulation and to contribute 
in reducing dead load of the structure. Pre-cast roofing elements were load tested in accordance with 
BSI CP-110 Part-I: 1972 and were found strong enough to carry the required test load. 

REFERENCE: Waliuddin,A.M. and Brohi, P. 1991. Use of hard grass reeds in ferrocement 
Journal of Ferrocemen/ 21(2): 137-141. 
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1991: 2nd Regional Conference on Computer 
Applications in Civil Engineering - RCCACE 
'91, Johor Bahru, Malaysia. Contact: Organiz­
ing Secretary RCCACE '91, Faculty of Civil 
Engineering, Universiti Teknologi Malaysia, 
Karung Berkunci 791, 80990 Johor Bahru, Ma­
laysia 

March 14-15, 1991: Asia-Pacific Conference 
on Masonry, Singapore. Contact: Engr. John 
S.Y. TanCI-PremierPte.Ltd., 1500rchardRoad 
#07-14, Orchard Plaza, Singapore 0923. Tel: 
7332922; Fax: 2353530; Telex: RS 33205. 

April 4-5, 1991: Third International Confer­
ence on Structural Failure-ICSF 91, Sin­
gapore. Contact: Dr. K.H. Tan, Deparunent of 
Civil Engineeering, National University of Sin­
gapore, 10 Kent Ridge Crescent, Singapore 0511. 
Tel.: 7722260; Fax: (65) 7791635; Telex: 
UNISPO RS33943; Telegram: UNIVSPORE. 

April 7-11, 1991: Development and the Envi­
ronment, Tasmania, Australia. Contact: The 
Conference Manager, the Institution of Engi­
neers, Australia, 11 National Circuit, Barton Act, 
Australia 2600. Tel.: (06)2706549; Fax: (06) 
2706530; Telex: AA62758. 

April 8-11.1991: Conference on Deformation, 
Yield and Fracture or Polymers, Cambridge, 
England. Contact: Plastics and Rubber Institute, 
Conference Deparunent, 11 Hobart Place, Lon­
don, England SWlW OHL. 

April 14-18, 1991: Sixth International Sym­
posium: Tunnelling '91, London, U.K. Con­
tact: The Conference Office, Institution of Min­
ing and Metallurgy, 44 Portland Place, London, 
U.K. WIN 4BR. 

April 21-25, 1991: International Conference 
on Computational Engineering Science, Pa­
tras, Greece. Contact: Prof. S.N. Atluri,Compu­
tational Mechanics Center, Georgia Tech., At­
lanta, GA 30332-0356, U.S.A. 

April 23-26, l 99 l: The Third East Asia-Pacific 
Conference on Structural Engineering and 
Construction (EASEC - 3), Shanghai, China. 
Contact:EASEC - 3 Secretariat, Mr. H.F. Xiang/ 
Mr. D.H. Jiang, Tongji University, 1239 Siping 
Road, Shanghai 200092, China Tel.:5455080-
3420; Cable:3658; Fax:0086-021-5458965; 
Telex:33488 TJIDC CN. 

June 3-7, 1991: 11th FIP Congress, Ham­
burg, West Germany. Contact: FIP Office, 
The Institution of Structural Engineers, 11 Upper 
Belgrave Street, GB-London, United Kingdom 
SWIX 8BH. 

June 10-13, 1991: Sth Annual Technical Con­
ference on Composite Materials, Michigan, 
U.S.A. Contact: Dr. L.T. Drzal, American Soci­
ety for Composites, B 100 Research Comples, 
Michigan State University. East Lansing, MI 
48824-1326, U.S.A. 
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June 27-28, 1991: New Dimensions in Bridges 
and Flyovers, Singapore.Contact: Engr. John 
S.Y. TanCI-PremierPte.Ltd., 1500rchardRoad 
#07-14, Orchard Plaza, Singapore 0923. Tel: 
7332922; Fax: 2353530; Telex: RS 33205. 

July 29-31, 1991: Fourth International Con­
ference on Computing in Civil/Building Engi­
neering, Tokyo, Japan. Contact: Mr. Junichi 
Yagi, Managing Director, Office of Japan, Soci­
ety of Civil Engineers, Yotsuya 1-0, Shinjukuku, 
Tokyo, Japan. 

August 4-9, 1991: International Conference 
on Durability of Concrete, Montreal, Canada. 
Contact: Mr. H.S. Wilson, P.O. Box 3065, Sta. 
C., Ottawa, Canada KlY 413. 

13-14 August 1991: Piletalk International '91, 
KualaLumpur,Malaysia.Contact:Conference 
Director, Engr. John S Y Tan, CI-Premier Pte 
Ltd, 150 Orchard Plaza, Singapore 0923. Tel: 
7332922. Fax: 2353530. Telex: RS 33205 
FAIRCO. 

August 20-22, 1991: Computational Struc­
tures Technology, Edinburgh, U.K. Contact: 
Edinburgh Conference Centre Limited (Forth 
Rail bridge Centenary Conference), Heriot-Watt 
University, Riccarton, Edinburgh, U.K. EH14 
4AS, Tel.: 031-4495111 Ext.3117; Fax: 031-
4513199. 

August 25-30, 1991: Composite Polymeric 
Material, New York, U.S.A. Contact: Mr. R.S. 
Turner, ACS Division of Polymeric Materials, 
Building 82, Eastman Kodak Co., Rochester, NJ 
14650, U.S.A. 

26-27 August 1991: 16th Conference on Our 
World in Concrete and Structures, Singapore. 
Contact: Conference Director, Engr. John S Y 
Tan, 150 Orchard Road,# 07-14, Orchard Plaza, 
Singapore 0923. Tel: 733 2922. Telex: RS 33205 
FAIRCO. Fax: 2353530. 
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September 3-6, 1991: Diagnosis of Concrete 
Structures, Czechoslovakia. Contact: Doc. Inc. 
Tibor JAVOR, Dr.Sc. VUIS Lamacska 8, 81714 
Bratislava, Czechoslovakia. 

8-10October,1991: International Conference 
on Concrete Engineering and Technology 
(Current trends and applications), Kuala 
Lumpur, Malaysia. Contact: Concet '91 Secre­
tariat, Department of Civil Enigineering, Faculty 
ofEngineering, Universiti Malaya, 59100, Kuala 
Lumpur, Malaysia. Tel: 03-755-3466 ext. 203 or 
351. Telex: MA 39845. Cable: UNIVSEL 

October 22-25, 1991: International Sympo­
sium on Modern Application of Prestressed 
Concrete, Beijing, China. Contact: Professor 
Liu Yongyi, China Academy of Building 
Research (CABR), P.O. Box 752, Beijing 
100013, China 

December 4-6, 1991: ACI International Con­
ference on Evaluation andRehabilitation of 
Concrete Structures and Innovations in De­
sign, HongKong. Contact: Mr. William R. 
Tolley, American Concrete Institute, 22400 W. 
Seven Mile Road, Detroit, MI 48219-1849, 
U.S.A.; Fax:(313)532-0655. 

7 -13December1991: Constro '91, Exhibition 
of Construction Machinary (Materials and 
Methods), Pone, India. Contact: Dr. Neelkanth 
R. Patwardhan, Chief Co-ordinator Costro '91, 
Progress House, 54 Wellesley Road, Shivajin­
ager, Pune - 411005, India. Tel: (0212) 58944/ 
57861. Telex: 0146-220 Aqua in. Fax: 0212 -
337985. 

9 - ll December 1991: First International 
Seminar on Lime and Other Alternative Ce­
ments in Developing Countries, Kenilworth, 
Warwickshire, U. K. Contact: Mr. Otto 
Ruskulis, Intermediate Technology Develop­
ment Group, Myson House, Railway Terrace, 
Rugby CV213 HT, U.K. Tel: (0788) 560631. 
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11 - 13 December 1991: Asian Pacirlc Confer­
ence on Computational Mechanics, Hong­
kong. Contact Dr. J.H. W. Lee c/o Department 
of Civil & Structural Engineering, University of 
Hong Kong, Hong Kong. Telex: 71919 CERES 
HX. Fax: (852)-559-5337. 

May 3-8, 1992: International Conference on 
Fly Ash, Silica Fume, Slag and Natural Pozzo. 
lans In Concrete, Istanbul, Turkey. Contact: 
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Mr. H.S. Wilson,P.O. Box 3065, Station C, Ot­
tawa. Canada Kl Y 4J3 

19 - 21 December 1991: International 
Synposium on Fatigue and Fracture in 
Steel and Concrete Structures, ISSF -91, 
Madras, India. Contact: Mr.A.G. Madhava 
Rao, SERC, Council of Scientific and Indus­
trial Research (CSIR), Madras-600113, 
TamilNadu, India. Tel:416991. Telex: 041-
21067 CSIR IN. Fax: 011-91-44-416508. 
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001 FERROCEMENT 003 FERROCEMENT, A VERSATILE 
CONSTRUCTION MATERIAL: ITS 

B.K. Paul and R.P. Pama INCREASING USE IN ASIA 

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

Surface mail 
US$12.00 
US$1S.OO 

Air mail 
US$14.00 
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 

Surface mail 
Air mail 

US$2.00 
US$4.00 

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", jointiy sponsored 
by the Asian Institute of Technology (Ain and 
thellkSqN66cmzde~Mriyl6f &iw.lllSl(NV<S). 
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 
Air mail 

US$2.00 
US$4.00 

004 FERROCEMENT AND ITS 
APPLICATION· A BIBLIOGRAPHY, 

Volume 1 

It presents a comprehensive listofreferences 
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 
atlFlCwhichcanprovidephotocopiesonrequest 
at nominal cost. Ideal for researchers and 
amateur builders. 56 pp. 

Surface mail 
Air mail 

US$2.00 
US$4.00 
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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 
Fe"ocement Canoe - Booklet No. 4 

Cost per Booklet 
Surface mail 
Air mail 

US$2.00 
US$4.00 

Ferrocement Roofing Element - Booklet No. 5 
Ferrocement Biogas Digester - Booklet No. 6 
Fe"ocement Canal Lining - Booklet No. 7 
Fe"ocement 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 fonn of reinforced concrete used 
for construction with a minim wn of skilled labor. 
Published in Bengali, Burmese, Chinese, 
English, French, Hindi, Indonesian, Japanese, 
Nepalese, Pilipino, Portuguese, Singhalese, 
Spanish, Swahili, Tamil, Thai, Urdu. These 
pamphlets could be obtained FREE of Charge. 

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 F errocement 
- Series No. 4 

Introducing Bamboo as Reinforcement 
- Series No. 5 
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Each set contains 30 color slides with a 
description of each slide on an accompanying 
booklet. Additional background infonnation 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 
Developing countries 
Developed countries 

Air mail 
US$15.00 
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 infonnation before 
January 1982. 

Surface mail 
Air mail 

US$ 8.00 
US$10.00 

009 SPECIALIZED BIBLIOGRAPHY 

Housing Bibliographies Vol. 1 
Marine Bibliographies Vol. 1 

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

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. Mehta. 

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

List price: 

Air mail postage 
Asia 
Others 

US$ 60.00 
(surface postage included) 

US$ S.00 
US$12.00 

012 LECTURE NOTES: SHORT COURSE 
ON DESIGN AND CONSTRUCTION 
OFFERROCEMENTSTRUCTURES 

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. 

List price: US$4S.00 
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013 FERROCEMENT ABSTRACTS 

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

Volume 1 Volume 2 Volume 3 

Surface mail US$4.00 US$6.00 US$ 8.00 
Air mail US$6.00 US$8.00 US$10.00 

014 VIDEO PRESENT A TI ON SERIES 
(Available in PAL or NTSC system) 

Introducing Ferrocement, Series No. 1 

Cost per tape (Air mail) 

Developing Countries 
Developed Countries 

US$30.00 
US$20.00 

015 Ferrocement Corrosion (Proceeding 
or the International Correspondence 
Symposium on Ferrocement 
Corrosion) 

Surface mail 
Airmail 

016 Ferrocement Thesaurus 

Surface mail 
Air mail 

US$1S.OO 
US$20.00 

US$1S.OO 
US$20.00 

(surface postage included) 011 End Users Training Evaluation 
Air mail postage 

Asia 
Others 

US$ S.00 
US$12.00 

Surface mail 
Air mail 

US$6.00 
US$8.00 
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JOURNALOFFERROCEMENT 

SUBSCRIPTION RA TES 

The annual subscription rates in USS for the Journal of Ferrocement (inclusive of postage by 
surface mail) are as follows: 

Region 
A. North America. Europe, Australia, 

New Zealand, Middle East and Japan 

B. Countries other than those listed in 
Region A 

Status 
Individual 
Institutional 

Individual 
Institutional 

Rate 
36.00 
70.00 

22.00 
40.00 

Multi-year Subscription Discounts 

AIT Alumni Others 

I to 2 years: 15% 
3 to 4 years: 18% 
5 years: 20% 

I to 2 years: 
3 to4 years: 
5 years: 

10% 
15% 
20% 

We encourage subscription to the Journal of Ferrocement through air mail, in which case the 
following extra charges in USS are to be added to the annual subscription rates as specified above: 

Region 

Asia 
Oceania. Europe and Africa 
America 

MODES OF PAYMENT 

Additional charge 

USS 6.00 
USSl0.00 
US$12.00 

All payments (subscription fees, advertisement fees and service fees) are to be paid in advance 
and can be made by bank draft. cashier's cheque or international money order in US dollars in favor 
ofIFIC. 

BACK ISSUES 

Special ~ues 

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

* Housing Applications 
(Vol. 11, No.I, January 1981) 

*Water Decade 
(Vol. I, No. 3, July 1981) 

Cost per ~ue• 

Individual 
lnstitUlional 

Surface mail Air mail 
US$ 6.00 US$ 8.00 
US$12.50 US$14.50 

*Agricultural Applications 
(Vol. 12, No. I, January 1982) 

* Prefabricated Ferrocement Housing 
(Vol. 13, No. I, January 1983) 

*Water Resources Structures 
(Vol. 14, No. I. 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 ~ue• 

Individual 
lflStitUlional 

Surface mail 
US$ 7.50 
US$15.00 

Air mail 
US$ 9.50 
US$17.00 
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Regular mues 

Vol. 8 (all issues) 
Vol. 9 (all issues) 
Vol. 10 (No. 1, No. 2, No. 4) 
Vol. 11 (No. 2, No. 4) 

Cost per ~ue• 

Developing counJries 
Developed countries 

Individual lnstituJional 
US$3.75 US$ 7.50 
US$6.00 US$12.SO 

Vol. 12 (No. 2, No. 3, No. 4) 
Vol. 13 (No. 2, No. 3, No. 4) 
Vol. 14 (No. 2, No. 3, No. 4) 
Vol. 15 (all issues) 

Cost per ~ue• 

Developing counJries 
Developed countries 

Individual Institutional 
US$4.SO US$ 9.00 
US$7.SO US$15.00 

Jownal of Fe"ocanenl: Vol. 21, No. 2, April 1991 

Vol. 16 (No. 2, No. 3, No. 4) 
Vol. 17 (all issues) 
Vol. 18 (No. 1, No. 2, No. 4) 
Vol. 19 (No. l, No. 2, No. 4) 
Vol. 20 (all issues) 

Cost per ~ue• 

Developing counJries 
Developed countries 

Individual lnstituJional 
US$5.SO US$10.00 
US$9.00 US$17.SO 

Vol. 7, Nos. 1 and 2 are out of print 
Phoux:opies of individual articles from these 
issues could be ordered at US$0.15 per page for 
developing countries and US$0.20 per page for 
developed countries. Cost inclusive of surface 
postage. 

* Inclusive of surface mail postage 
Add US$2.00 per issue for air mail postage 



PLEASE POST SUBSCRIPTION FORM TO: 

The Director 
International Fe"ocement Information Center 
Asian Institute of Technology 
G.P.O. Box 2754 
Bangkok 10501, Thailand 

Tel: 5290100-13, 5290091-93 Ext. 2871 
Telex: 84276 TH 
Fax: (66-2) 5290374 
Cable: AIT Bangkok 

Enclosed is a cheque/draft/money order in the amount of US$ for one/two/three/four/five 
year(s)subscriptiontotheJOURNALOFFERROCEMENTfromJanuary-- toDecember--by 
air maiVsurface mail. (Please strike out as applicable) 

INDIVIDUAL SUBSCRIPTION: 

Name: 
Address:-----------------------------

INSTITUTIONAL SUBSCRIPTION: 

Name of Institution:-------------------------
Address: ____________________________ _ 

Con~ctPerson: -------------------------~ 
Position: ____________________________ _ 
Dare: ___________ _ Signature: 

OTHER PUBLICATIONS: 

Enclosed is a cheque/draft/money order in the amount of US$.--- for the following: 

I rem Quantity Remarks Amount 

Name: 
Address: ____________________________ _ 

Subscriber YES D NOD 

(For IFIC publications listed at the back of this page, orders can be marked directly on the box 
provided in each publication.) 



PUBLICATIONS PRICE LIST AND ORDER FORM 
Mark the box in front of the publication to order. Prices are in US Dollars (US$). 

0 001 Ferrocement 
Subscriber 
Non-Subscriber 

Air Surface 
mail mail 

14.00 12.00 
17.00 15.00 

0 002 The Potentials of Ferrocement and 
Related Materials for Rural Indonesia 
- A Feasibility Study 4.00 2.00 

0 003 Ferrocement, A Versatile Construction 
Material: It's Increasing Use in Asia 

4.00 2.00 

0 004 Ferrocement and Its Applications - A 
Bibliography, Volume 1 4.00 2.00 

0 005 DO IT YOURSELF SERIES 
0 Ferrocement Grain Storage Bin 

Booklet No. 1 4.00 2.00 
0 Ferrocement Water Tank 

Booklet No. 2 4.00 2.00 
0 Ferrocement Biogas Holder 

Booklet No. 3 4.00 2.00 
0 Ferrocement Canoe 

Booklet No. 4 4.00 2.00 
0 Ferrocement Roofing Element 

Booklet No. 5 6.00 4.00 
0 Ferrocement Biogas Digester 

Booklet No. 6 6.00 4.00 
0 Ferrocement Canal Lining 

Booklet No. 7 6.00 4.00 
0 Ferrocement Pour-Flush Latrine 

Booklet No. 8 6.00 4.00 

0 006 FerrocementApplications: State-of-the-
Art Reviews, Volume 1 10.00 8.00 

0 007 International Directory of Ferrocement 
Organizations and Experts, 1982-1984 
List Price 17.00 15.00 
For Experts and Firms 

listed in the directory 7.00 5.00 

0 008 SPECIALIZED BIBLIOGRAPHIES 
0 Housing Bibliography, 

Volume 1 4.00 2.00 
0 Marine Bibliography, 

Volume2 4.00 2.00 

Air Surface 
mail mail 

0 009 FERROCEMENT ABSTRACT 
0 Volume 1 6.00 4.00 
0 Volume 2 8.00 6.00 

0 010 FOCUS (available in 19 languages, 
indicate language) Free 

0 011 SLIDE PRESENTATION SERIES 
0 Construction of Ferrocement 

Water Tank, Set No. 1 
0 An Introduction to Ferrocement, 

Set No. 2 
0 Ferrocement - A Technology for 

Housing, Set No. 3 
0 Historical Development of 

Ferrocement, Set No. 4 
0 Introducing Bamboo as 

Reinforcement, Set No. 5 
Cost per Set (only Air mail) 

Region A 20.00 
Region B 15.00 

0 012 VIDEO PRESENTATION SERIES 
(Available in PAL, NTSC, or SECAM 
System) 
0 Introducing Ferrocement, Series 

No.1 
Cost per tape (Air mail) 

Region A* 30.00 
Region B* 20.00 

0 013 Ferrocement Corrosion (Proceedings 
of the International Correspondence 
Symposium on Ferrocement Corrosion) 

20.00 15.00 

0 014 Proceedings of the Second International 
Symposium on Ferrocement 

Asia 65.00 60.00 
Others 72.00 60.00 

0 015 Lecture Notes: Short Course on Design 
and Construction of Ferrocement 
Structures 

Asia 
Others 

50.00 45.00 
57.00 45.00 

• Region A North America, Europe, Australia, New Zealand, Middle Easl and Japan 
Region B Countries other than those I isled in Region A 



Ferrocement Design Service 

Mesh Reinforced Ferrocement * 
* 
* 

HT Wire Reinforced Ferrous Ferrocement 
Pre-stress Ferrocement - Fibre Concrete for application on 

Services Include: 

* 
* 
* 
* 
* 
* 

Off-Shore Structures, 
Tanks - Water, Fish Farms etc., 
Floating Wharves, Pontoons., 
Housing & Commercial Buildings, 
Cladding, 
Ships & Barges. 

Design, Specification, Implementation, 
Technology Transfer. 

ALEXANDER & ASSOCIATES 
Consulting Engineers 
P.O. Box 74-167 
Auckland 
New Zealand Phone 5203-198 

Yes! I would like to know more about UM I Article 
Clearinghouse. I am interested in electronic ordering 
through the following system(s): 

0 DIALOC/Dialorder 0 ITT Dialcom 
0 OnTyme 0 OCLC ILL Subsystem 
0 Other (please specify) ________ _ 
0 I am interested in sending my order by mail. 
0 Please send me your current catalog and user 

instructions for the system(s) I checked above. 

Name _ ____ ________ _ 

Title _____________ _ 

Insti tution/Company _________ _ 

Departmen.__ __________ _ 

Addres>--------------
City State __ Zip ___ _ 

Phone( __ ). __________ _ 

Mail to: Unive rsity Microfilms International 
300 North Zeeb Road. Box 91 Ann Arbor. Ml 48106 



·Improve your expertise 
Learn more about management of specialized information centres/services 

Gain rapid promotion 
AIT/LRDC invites you to attend 

COURSE ON INFORMATION TECHNOLOGY 
AND COMPUTERIZED LIBRARY SERVICES 

This three-month course will provide an un· 
derstanding of the major theories and princi· 
pies for today's library and automated infor­
mation services, giving librarians and subject 
specialists an opportunity to upgrade their 
knowledge and experience with modem com­
puterized information management technolo­
gy. 

For details contact: 
Director 
Library and Regional Documentation Center 
Asian Institute of Technology 
P.O. Box 2754 
Bangkok I 050 I , Thailand 
Tel. 5290100·13 
Telex: 84276 TH 

NICMAR 
JOURNAL OF CONSTRUCTION MANAGEMENT 

A quarterly journal devoted to the study and practice of management in 
construction industry. The journal focuses on the management aspects of 
civil works. Its areas of interest include: 

• Energy • Infrastructure 

• Safety • Transportation 

• Habitat • Social Services 

• Buildings • Communications 

• Irrigation • Rural Development 

• Environment 

Subscription Rate 
Indian : Rs. 160 per annum 
Foreign : US$ 60 per annum 

(including postage and bookpost airmail abroad) 

For subscriptions and advertisements, please write to: 
Publication Officer, 
Documentation Centre, 
National Institute of Construction Management and Research, 
Walchand Centre, Tardeo Road, 
BOMBAY 400 034, India. 
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LET IFIC ANSWER YOUR QUERIES .. . 

FERR.OCEMEN'T 

HOW A N D 

WHY? 
Ever think about using ferrocement for a 

house, boat, storage tank, channel, pipe? 

Contact: 

INTERNATIONAL 

FERROCEMENT 

INFORMATION 

CENTER (IFIC) 

Asian Institute of Technology 
G.P.O. Box 2754 
Bangkok 10501 , Thailand 

Telephone: 5290100-13, 
5290091-93 Ext. 2871 

Telex: 84276 TH 
Fax: (66-2) 5290374 
Cable: AIT Bangkok 
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ASIAN information center for 
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AGE 
JEST 

~] 
News on Ongoing 
Geotechnical Projects 

Geo technical 
Bibliographies 

For efficient , economical reference & reprographic services, 

AGE 
offers 
a computerized 
database for 
information on 

• Soil Mechanics, 

• Rock Mechanics, 

• Foundation Engineerir 

• Engineering Geology, 

• Earthquake Engineerin 

Contact: The Director, AOE, AIT, O.P.O. Box 2754, Bangkok 10501, Thailand 
• Tel. 5290100-13 ext. 2869 • Pax: (66-2) 5290374 
• Cable: AIT-BANOKOK • Telex: 84276 TH 



JOURNAL OF FERROCEMENT 

Aims and Scope 

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

(a) Papers on Research and Development 
(b) Papers on Applications and Techniques 
(c) Technical Notes 
(d) Bibliographic List, News and Notes, International Meetings, Book Reviews, and Abstracts. 

Notes for the Guidance of Authors 

Original papers or technical notes on ferrocement and olher related materials and I.heir applications are 
solicited. Manuscripts should be submitted to: 

The Editor 
Journal of Ferrocement 
IFlC/AIT 
G.P.O. Box 2754 
Bangkok 10501 
Thailand 

Papers submitted will be reviewed and accepted on I.he understanding I.hat I.hey have not been published 
elsewhere prior to I.heir publication in I.he Journal of Ferrocement. There is no limit to I.he lenglh of contributions 
but it is suggested I.hat a maximum lenglh of 12,000 word-equivalent be used as a guide (approximately 
15 pages). 

1. The complete manuscript should be written in English and I.he 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 I.he paper only (preferably 81/2" x 11" bond paper) 
wilh double spacing between lines and a 1 1/2 in. margin on I.he left. 

3. Two copies of I.he manuscript and illustrations (one set original) should be sent to I.he Editor. 
4. The title should be brief (maximum of 150 characters including blank in between words or olhernon­

alphabetical characters) and followed by I.he aulhor's name, affiliation and address. 
5. The abstract should be brief, self-contained and explicit. The suggested lenglh is about 150 words. 
6. Internationally accepted standard symbols should be used. In I.he list of symbols Roman letters 

should precede Greek letters and upper case symbols should precede lower case. 
7. Each reference should be numbered sequentially and lhese numbers should appear in square brackets 

[ ] in I.he 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 Disalhien, 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. AC/ 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. Illustrations should be numbered consecutively and given proper legends and should be attached to 
I.he end of I.he manuscript. 
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