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Ferrocement With Grouped Reinforcement t 

Z. Rei chverger• and I. S oroka+ 

In order to ai•oid the possible displacement of rhc reinforcement meshes and thereby reduce 
the risk of corrosion. it is suggested to place the meshes in two separate groups at the bottom and 
top of the cross sectiuns of ferrocl'ment eleme11ts, 11•ith rite meshes in each group being placed 
direc tly one on top of the vther. A method is described by ll'hich such an arra11gcme111 can be 
achicred. The tests i111·nfrcd some tll'e11ty different series and indicated that the grouping of the 
reinforcement essentially did 1101 ajfccr the behaviour uf /erroceme111 clements subjected to 
tension. 

INTRODUCTJON 

Th.e durability of ferrocement con:.lltutes one of the main problems associated with its 
practical use. This problem of durability stems from the susceptability to corrosion of the 
reinforcing meshes which, in turn , is due to the slenderness of the elements and the small 
thickness of the cover of the external meshes. Hence, the durability of ferrocement elements 
1s mainly determined by the density of the concrete in the element and the actual thickness 
of the cover layers. 

Dense concrete can be produced by carefu l selection of materials and mix proportions, 
using a low w-c ratio (i.e. below 0.45), proper compaction and adequate curing. In practice, 
however, the main problem is the lack of adequate means to hold the reinforcement at the 
desired position and thereby to ensure sufficient covering of the external meshes. Consequently 
in many cases. the meshes are displaced to such an extent that some of its parts become fully 
exposed to the atmosphere. Under ~uch conditions an intensive corrosion of the reinforcement 
is to be expected and, indeed, such a corrosion takes place when such conditions do exist. ln 
order to overcome this problem of displacement , it is suggested to group the meshes at the 
bottom and top ends of the cross-section ofrhe element in lieu of the common practice of evenly 
distributing the single meshes throughout the whole section. 

A set of meshes is much more rigid than the single mesh and this increased rigidity may 
eliminate much of the displacement which usually takes place in the l.ingle mesh on compaction 
of the concrete. In other words, in adopting thi<; mode of placing the reinforcement. the depth 
of the cover over the outer meshes is much more closely controlled. the risk of corrosion is, 
therefore. reduced and durability is improved. Moreover. the present study showed that such 
grouping of the meshes did not adversely affect the performance of fe rrocement elements when 
tested in tension. 

Details of Proposed Method for Producing Ferrocement Elements 

ln line with the above mentioned considerations. the fo llowing method is proposed for 
producing ferrocement elements with grouped reinforcement (fig. I ). 

Reprinted courtesy of RIL'l:M and ISM'ES. Published in the Proceedings of the Lnternational S}'D1posium 
on Ferrocement (July 22-24, 1981. lkrgamo Italy). 

' Head, Central Building Laboratory, Standurds lnstitution of tsrnel, Israel. 
.,. Professor, Building Research Station, Faculty of Civil Engineering, Israel Institute of Technology, Haifa, 

Israel. 
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Fig. I . Placing of reinforcement in the mould. 

A. 3 mm diameter wires. which serve as bottom spacers. are drawn through holes in the 
opposite sides of the mould and are freely placed on the bottom or the mould. The 
distance between the wires depends on the rigidity of the speciftc set of meshes used and 
varied under conditions in hand , between I SO and 200 mm. 

B. Pre-assembled set of meshes is freely placed on top of bottom spacers. The meshes are 
placed directly one on top of the other either with or without alignment of the openings of 
the single meshes. (ln the tests described hereafter the openings were aligned.) 

C. Wires, which serve as spacers for controlling the distance between bottom and upper sets 
of meshes, are drawn through holes in the two opposite sides of the mould. 

D. The upper set of meshes is placed on the spacers. 

A movable frame, which travels ove r the mould, is used for placing and compacting the 
concrete and for securing the mesh reinforcement at the desired level (Fig. 2). Hence, a con
tainer for concrete and a vibrator are mounted on top or the frame and wire spacers are welded 
to bottom of the frame at its front end. The wires force down the set of upper meshes, acting 
against the uplifting forces which become operative on compaction, and thereby hold the sets 
in position. Both bottom and intermediate spacers are drawn out from the mould simultaneous
ly with the advancing frame. The channels left in the fresh concrete due to the removal of the 
spacers are closed on further compaction. 
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Fig. 2. Travelling frame for placing the concrete and securing reinforcement at the desired level. 

The proposed method is suitable for producing Rat elements only, but such elements can 
be bent to the desired shape immediately after completing the casting operation. 
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Testing Procedure 

It may be questioned whether or not the suggested mode of reinforcement adversely 
.ilfects cracking mechanism and structural performance of ferrocement elements. Accordingly 
the present study compared the behaviour of ferrocement e le ments with grouped reinforcement 
with aligned openings to the behaviour of similar elements with evenly spaced reinforcement. 
In addition to the mode or reinforcement. the study included the following variables: 

a . Size of mesh openings. Welded meshes with square openings of 6x 6, 8 x 8 and lO x JO mm 
were used . 

b . Woof density. Some of the woof wires of the square meshes were cut out to give rectangular 
openings of 6 x 12, 8 >: 16, 8x24. lO x 10 and 10 x 30mm. 

c. Number of meshes per section, namely, 4, 6 and 8. 

All elements were of the same size of 280 x 70 x 20 mm, and made of the same Portland 
cement mortar with a maximum particle size of L.2 mm and a water-cement ratio of 0.45 (for 
mix design procedure see reference [2}). 

Specimens were tested in tension, and the main problem with such testing is the axial 
application of the load. l mperfections in the geometry of the specimens, and their unsatisfactory 
positioning in the loading apparatus, resulted in asymmetric deformation. An additional 
difficulty was the prevention of rupture of the specimens near the clamps. Accordingly, a 
variety of cla mping and stress-transfer devices were considered . The satisfactory solution 
took the for m of special steel shoes which were bonded to both ends of the specimens by means 
of epoxy based glue. with great care being taken to align their axis with that of the specimen. 
f n addition. local stresses at the ends of the specimen were reduced by the e liptical configuration 
of the s hoes. The load was applied th rough bearing type hinges connected to flexible steel cables. 

In the te nsion tests the following parameters were observed and recorded: 

Deformation at the various stages of loading measured at one side of the specimen ; 

The load at which the first crack, and the successive visible cracks, were observed : 
The width of the .first visible crack on the formation of further cracks; 
Tbe average spacing of cracks before and after failure; 
Load at failure. 

The findings of preliminary tests, supported by other studies [3,4], indicate that, in the 
majority of cases, it is the first visible crack which attains maximum width. Accordingly, 
a nd in order to save time, the development of this crack only was followed at different stages of 
loading. 

Since the measurement technique did not permit the determination of the exact moment at 
which the first crack developed, but only that of the development of the first visible crack, 
it was also impossible to dete rmine the corresponding stresses in the concrete and steel at this 
exact stage. Under specific test condition the cracks became visible when reaching the width of 
0.03mm approximately, and the load (Pr), at this stage, was used for determining the average 
stress in the steel on cracking assuming that, at this stage, the entire tensile force in the cracked 
zone is taken up by the reinforcement. The corresponding stresses on the development of the 
final visible crack and on failure were determined accordingly. Generally, the number of 
cracks increased more or less proportionally to the increase in the load. 
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IL will be shown later that the relationship between the load, and the number of cracks and 
their width, yielded a fairly clear picture of the cracking process fo llowing the formation of 
the first visible crack. It was possible. for each separate case. to calculate the average stress 
in the steel when the cracks reached the width ofO.Imm (i.e. the maximum permissible width 
for ferrocement elements [5] exposed to a dry environment). In o ther words, in spite of the 
limitations o f the tests in hand, the findings permitted comparative analysis o f the 
behavio ur in tension of the diffe re nt ferrocemen t elements incl uded in the present study. 
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Fig. 3. Effect of K 1 on spacing of cracks at failure. Fig. 4 . Effect o r K 2 on spacing of cracks at failure. 

Results and Discussion 

For the sake of brevity the data are presented he re in a graphical form only. The average 
spacing of the cracks at failure is plotted in Fig. 3 against the reinforcemen t coefficient K 1 

(i.e. ratio of surface area of warp wires to volume of specimen), a nd in Fig. 4 against the 
coefficient K 2 (i.e. ratio of total surface area of a ll wires to vo lume of tbe specimen) for the 
specimens with the g rouped reinforceme nt. lt may be noted thal the spacing of the cracks ca n 
be rela ted solely either to K 1 or K2, but in the tests in hand a bette r correla tion was establish
ed between crack spacing and K 1• It can also be seen tha t the increase in K 1 beyond the value 
of 1.0 or in K2 beyond the value of 2.0 did not further decrease the distance between the cracks. 
It may be noted that these limiting values are usually recommended for ferrocement elements 
(3), and the reported data indicate that these recommendatio ns a re also applicable when 
grouped reinforcement is considered. 
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Fig. 5 shows an example of lhe average stresses in the steel at the different stages of visible 
craddng for different layouts of the reinforcement. The fi rst visible crack (about 0.03mm) 
formed al the average calculated steel stress of 225 to 240 N/ mm.? (i.e. at 55 to 65 % of the 
tensile strength of the wires). It can be noted that this stress in the steel was somewhat lower 
when a greater number of meshes were involved. and possibly also when the mesh opening 
mcreased to 10x30mm. 

The maximum permissible crack width of 0.1 mm was reached al about 65-70 % of the wire 
')trength. Stress in the \\ires at failure varied from 85 to 90% of the wire strength in air, and 
remained practically independent on the reinforcement ratio. This earlier failure of the wires 
is apparently due to the stagger in taking up the load and the corresponding stagger in the 
rupture or the wires. As one or more wires rupture, there is a jump in the stress in the others 
with the restllting premature failure of the specimen. 

As mentioned earlier, the relative stress level In the steel for a given width of the first crack, 
was practically independent on the number of meshes and the size of their openings. The 
!\Umber of cracks, hO\\ever, was dependent on the amount of the reinforcement and increased 
as the number of meshes increased. Hence, light reinforcement (i.e. K 1 < I or K2 < 2) may 
be used only when cracking pattern is not significant. 
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The influence of the spacing of the woof (lateral) wires is shown in Fig. 6. There was some 
i ndicalion that increased spaci ng was associated with some decrease in the steel stress at a given 
stage of crack formation. Under test conditions, however, where the aspect ratio varied from 
I : I to I :3, this decrease was rather low. being not greater than I 0 ~o · Hence, the use of rectan
gular mesh may allow a saving in steel without significantly affecting crack development in 
fcrrocement elements. 

The development of cracking in specimens with grouped and evenly distributed reinforce· 
ment is compared in Fig. 7. It can be seen that crack development, namely, the stress in the 
steel and number of cracks, were essentially the same for both variants under otherwise the 
same conditions. In this respect, therefore, the grouped variant may be regarded as comparable 
to tlie evenly distributed one. 
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Pig. 7. Tensile stress in steel at the various stages o f cracking for the same amount of grouped and evenly 
distributed reinforcement : 
(aJ Pour JO x 10 meshes; I-two groups of two, 21 - evenly dlstributed, 
(b) Six I 0 x IO meshes; 2-two groups of three. 22 - evenly distributed. 
(c) Eight JO x 10 meshes; J-two groups of four, 23 -evenly distrihured. 

CONCLUSIONS 

I. The behaviour of fe rrocement in tension comprises three distinct stages. The fi rst is the 
elastic stage which 1:ontinues to the development of the first microcrack. Tn 1he second 
stage more cracks are developed, but their width remains small. In the third stage, no 
additional cracks develop but the width of the already existing cracks increase up to fa ilure. 

2. Crack formation in tension in ferrocement elements, with grouped and evenly distributed 
reinforcement, is essentially the same. Accordingly, the grouping of the reinforcement is 
to be recommended because it facUitates a better control of the reinforcement cover. 

3. The tests confirmed Lhat crack formation is mainly governed by the surface of the wires 
expressed by the coefficients K1 and K2 . The number of cracks increased with surface co
efficients, but beyond the K1 = I or K2 = 2.0 there was no further increase in the number o( 

cracks. Hence, these values, which are usually recommended for ferrocement elements, 
are also applicable for elements with grouped reinforcement. 

4. The first visible crack occurs in ferrocement at a fai rly high level of stress in the steel, and 
this behaviour constitutes one of its distinctive features as compared with ordinary rein
forced concrete. Jn the specimens considered the first visible crack of0.03mm width occurr
ed at a stress level of 55-65 % of the wire strength in air. This stress level in the reinfor
cement increased as the mesh size decreased (Fig. 6). 

5. The average calculated steel stress. when the crack-width reached 0.1 mm, ranged from 
65 to 70 ° u of the wire strength in air. Somewhat lower values were observed for the higher 
reinforcement ratios. 

6. At fai lure the stress in the steel wall 85-90 % of the wire strengLh. The unexploited strength 
margin is apparently due to the stagger in ta king up the load, to eccentricity of the external 
load, and to asymmetry in the disposition of the meshes within the section. 

7. At a given width of the first visible crack, the number of mesh layers in the section had no 
practical influence on the stress level in the steel. This observation suggests that2-4 layer' 
per section may be used in elements where the crack pattern is not important . 
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8. The use of meshes with rectangular openings did not significantly affect crack development 
and average steel stress. Accordingly, the use of such meshes (i .e. with aspect ratio not 
greater than l :3) may be associated with some saving in steel. 
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Mechanical Characteristics of Ferrocement and 
Application to Offshore Structurest 

T . Murata•, M . Kawasaki ** and M . Minami 1• 

145 

With the purpose off11rnishi11g basic data in case of utilizing ferrocement for floating struc

tures, tesrs were performed on the static mechanical characteristics; fatigue resistance, impact 

resistance, and seawater resistance of ferrocement panels using lightweight mortar, and further, 

mod<'/ tests of a small vessel were carried out to confirm safety. 

INTRODUCTION 

A flexural member of ferrocement is not necessarily structurally efficient since steel is 

generally arranged uniformly throughout its cross section. However, crack dispersion, tough

ness and impact resistance a re excellent, while there is the advantage that it can be made with 

small-scale facilities, and therefore, it is su itable as a material for light watercraft. The criteria 

1n Japan for ferrocement vessels stipulate that the material may be used for boats not longer 

than 30 m. 

The study reported here was made aiming to furnish basic data for applying fer rocement 

lo floating structures such as watercraft with fundamental inquiries made into the static bending 

characteristics, dynamic characteristics regarding impact and repetitive loading, and resistance 

against seawater, while further, model tests were performed on parts of a small boat, and the 

result have been summarized herein. 

MATERIALS USED AND MORTAR MIXES 

Cement 

Ordinary, high-early-strength, and sulfate-resistant cements were used for the experiments, 

their relations with the test items being as shown in Table I. These cements all meet the 

requi.rements of JIS R 5210. "Portland Cement." 

Fine Aggregate 

The artificial lightwejgbt aggregate " Mesalite," a calcined expanded shale, was used. 

The maximum size was 2.5 mm, oven-dry specific gravity 1.54, 24-hour absorption 19.0% and 

fineness modulus 2.61. 

t Reprin1ed courstesy of RlLEM and ISMES. Published in 1he Proceedings of the International Symposium 
on Fcrroccment (July 22-24. 1981, Bergamo. Italy) . 

• Professor, Tokyo MetroPolitan University, Tokyo, Japan. 
••Assistant, Tokyo Metropolilan Universi1y, Tokyo, Japan. 

- Senior Research Engineer, Central Research Laboratory, UBE Industries Ltd., Tokyo, Japan. 
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Table I. Mix proportions of mortar. 
-

Unit content (kg/m3) Slump Unit 28-Day 

Cement W/C S/C w c s Admix range Wt st rength. 
NLl400 (mm) (kg/m3) mortar 

< I 03 (MPa) 

Highearly1 0.30 1.35 225 750 101 3 5.63 140 ± 10 1994 79.26 
Ordinary2 0.30 1.38 222 740 1021 5.55 140 ± 10 1989 80.15 
Sulfate resistant 3 0.30 1.67 202 666 1109 5.00 140± 10 1982 78.48 

I . Static and dynamic bending 1ests. Tests of structural members of vessels. 
2. Seawater resistance tests. 
3. Seawater resistance tests. 

Admixtures 

A high-range water-reducing admixture NL 1400 (polycyclic aromatic sulfonate) or NL 
4000 {high condensate triazine) was used. An expansive admixture ··Expan .. (lime base) was 
also used fo r part of the tests. 

Mortar 

The mortar w::is approx11nately 140 mm slump, 78.48 MPa compressive strength, and 
2000 kg/m3 unit weight. Although the required strength of mortar will differ depending on 
the variety, material a nd quantity of the wire fabric used , the ferrocement panels 20-40mm in 
thickness were considered in these experiments as being multiple-layer reinforced concrete, 
and on trial calculation of the mortar strength corresponding to yielding of the wire mesh, it 
was about 78.48 MPa and the results of the experiments indicated that mortar strength 
greatly influences the fl exural strength of a fer rocement panel (Fig. I). The principal mix 
proportions of mortars are shown in Table I. 
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Fig. I. Mortar compressive strength vs. ferrocement panel flexural suength. 
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Wire Fabrics 

Wire fabric!> \\ere of six commercial varieties of woven wire fabric and crimped wire fabric 
having bare wire~ of0.6J -to 1.6-mm dia meters and mesh spacings of 19 lo 22.5 mm. The mecha
nicnl properties o f these fabrics are given in Table 2. Since the tress-strain curves of bare wires 
<lid not indicate distinct yie ld poinrs, the strenglhs at 0.2 % of strains were taken to be the yield 
points . 

Table 1 Mechanical properties of wire fabrics and rebars . 

Bar v. ire Mesh spacing Yield point Ten ile Yield ratio Young's 
Type dia. (mm ) (MPal strength modulus 

(mm) (MPa) (MPa) 

0.63 9.5 206.01 438.50 0.47 -
Welded 10 287.43 308.03 0.93 1.08 x 104 

wire 1.2 12 441.45 500.31 0.78 2.45 x 104 

fabric 20 441.45 500.31 0.78 2.45 x 104 

Crimped 1.6 10 - 416.92 - -
wire 22.5 343.35 559.19 0.61 2.75 x 104 
fabric 

Rebar 06 - 333.54 539.55 0.62 1.78 >< 104 

STATIC BENOJNG PROPERTIES 

Test Specimens 

The dimensions of test specimens wt: re 150 mm widLh , 550 mm length, and 20mmand40 mm 
1hidness. wich wire fabrics arranged in four layers and ten layers, and the specimens were made 
with mortar o f the mix proportions in Table I using high-early-strength cement. The wire 
fabrics used were 9 1.2 mm - 12 mm, 9 1.1 mm - 20 mm and ip 1.6 mm - 22.5 mm. Jn making 
specimens, cover of 4 mm was provided with wire fabric arranged evenly throughout the cross 
~cetion and maintained in position by spacers and binding wires, after which mortar was filled 
in and consolidation by vibrator was performed. Curing of specimens was done by moist cloths 
1n a 20' C constant humidity room and bending tests were performed at 14-day age. 

Loading Test M ethod 

Third point loading was done with s pan or 450 mm. The deflection at midspan was mea
sured by dial gage and crack width at the bottom fiber wire fabric location (4 mm from bottom 
surface of beam) by contact gage (gage point 20 mm). 

Test Results 

a. Ultimate Strength 

The experimental and calculated results of ultimate bending moments of the various 
s pecimens are shown in Table 3. T he calculated values were obtained considering ferrocement 
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to be reinforced concrete with multi-layer reinforcement. The maximum compressive strain 
of mortar in this case was assumed to be 0.4 %. 

The calculated values of ultimate bending moments ranged from 0.68 to 0.93 with the 
average of 0.82. The experimental values were slightly higher than calculated ones because wire 
fabric was moved downward by vibration when making ferrocement, and it may be considered 
that the ultimate bending strength of ferrocemeot ca n generally be computed in the same 
manner as with a concrete beam reinforced in multiple layer . It is shown in Table 3 that the 
ultima te strength of ferrocernent is influenced by diameter and spacing of bare wire, number of 
layers, strength of bare wire. etc .. and tha t using wire fabric of small openings within limits 
that filling of mortar is nor hindered is g~nerally effective. In this respect, a mesh spacing of 
about 10 mm is appropriate. 

Table 3. Cracking moment and ultimate moment of ferrocement bea m. 

Wire fabric Layers Steel Crack Moment (kNm) Ultimate moment(kNm) 

Thickness Bare Spacing ratio Test Cale. MCC' Test Cale. M,,c 
-

(mm) wire dia. (m m) <%) value value Afn value value M u, 
(mm) MCI M ,c M,,, MllC 

20 1.2 12 1.81 4.41 4.97 J.13 20.91 18.76 0.89 
1.2 20 4 1.06 4.41 4.94 l.12 16.55 11 .69 0.71 
1.6 22.5 1.71 5.88 4.97 0.85 18.39 15.82 0.86 

40 1.2 12 2.26 19.86 20.03 1.01 97.08 89.97 0.93 
1.2 20 IO 1.32 17.65 19.64 I.I I 84.63 51.37 0.68 
1.6 22.5 2.14 22.44 19.95 0.89 91.19 78.10 0.86 

40 2-06 . - 1.05 23.54 23.88 1.02 83.47 71.13 0.85 
3-06 - - l.58 23.54 25.65 1.09 130.J 7 105.10 0.81 

Nole: Values indicated arc average values of 2 specimens each . 

b. Cracking Properties and Deflection 

The experimental and calculated values of cracki.ng moments of the various specimens are 
also given in Table 3. The calculated values were determined by the equation below ignoring 
tensile plasticity of mortar, and good a pproximations with experimental values were obtained. 

M.-c = a,u l ; 
.''., 

where, M ... = calculated value of cracking moment, 
cr,u = tensile strength of mortar, 3.43 MPa 
11 = geometrical moment of inertia of convened cross section (taken as n : I) 
Yu = distance from botto m fiber to centroid of section 

The cracking moment of ferrocement is t to t of ultimate moment and is slightly 
larger than for reinforced concrete. Accordingly, the effect of prestress through the use of an 
expansive admixture was examined. The test results are shown in Table4, and by using SO kg/m 3 

of expansive admixture, the cracking load was increased by approximately I. 7 times to be more 
than I /3 of failure load . This indicates that it is possible to make a member which does not 
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Table 4. Effect of expansive admixture. 

Welded wire fabric Expansive adm ix. Crack load Max. load P~IPu 
(Pa) (kN) (kN) 

¢ 1 .2 mm - 12 mm 0 2.74 13. 15 0.21 
362.84 4.48 14.45 0.31 
490.33 4.83 14.69 0.33 
725.68 5.28 14.45 0.37 

rp l .6 mm - 22mm 0 3.04 12.36 0.25 
362.84 4.98 14.69 0.34 
490.33 4.48 12.25 0.37 
725.68 5.28 14.15 0.37 

Specimen thickness= 40 mm. 

c rack when design load normally considered is acting. Bending cracks were produced at 
locations of transverse wires, and maximum crack spacing was approximately 40 mm in case 
of thickness of 40 mm with wire fabric of¢ 1.2 - I 2mm, for example, and a crack was produced 
a t every third or fourth mesh. 

Fig. 2 gives examples of relations between load ratios and maximum crack widths and 
are results for specimens of 40 mm thickness. rn Fig. 2, the load ra tios for maximum crack 
width of0.05 mm were 0.36 to 0.50 showing that load ra tio is genera lly higher the smaller the 
mesh opening. In case of mesh opening of approximately 10 mm, the load ratio was 0.74 when 
maximum crack width was 0.1 mm . A similar trend was seen in cases of specimens of thickness 
of20 mm. The cracking characteristics in this manner confirms this supe rior feature of ferro
cement. 

l.J ..---~--..,~-----~ 

$1.6mm-22.5mm 
~o.s.--~ 
<£: ..__ 
~ 0 6 
0 

~ 0. L 1-1+ r-t---i1---.i-----1-
ix; 

c 100 200 300 ~00 

Ma.;<. Cru1;k Width (xl0- 1 
mm) 

Fig. 2. Load ratio vs. maximum crack width. 
(Specimen thickness = 40 mm). 

c. Deflection 
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Fig . 3. Load r.ttio-deHect1on curve . 
(Specimen thickness "' 40 mm) 

The relations between load ratios and deflections or specimens of 40 mm thickness a re in
dicated in Fig. 3. ln case of wire fabric or narrow openings, the steel ratio will generally 
become high and bending stiffness great. With ferrocement using wire fabric of rp I .2mm - 20 
mm and reinforced mortar having two 0 6 re info rcing bars, ultimate strengths were equal and 
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deflection properties at initial loading simila r, but the deflection of reinforced mortar increased 
abruptly when load ratio became 0.6 and higher. This is thought Lo be due mainly to the 
difference in crack dispersion properties of the two. 

DYNAMIC BENDING C HARACTE RISTICS 

Fatigue Resistance 

l. Test Specimens 

The test specimens were of three kinds, one of dimensions 300 mm width, 1200 mm length 
and 40 mm thickness aod with wi.re fabric of <P I .2mm - IOmm arranged in 12 layers in the entire 
cross section (Type A, steel ratio 3.28 %), one with latticed 06 bars in grid form (pitch 50 mm) 
at the middle of the thickness with the before mentioned wire fabric a rranged above and bt-low 
in four layers each (Type B, steel ratio 3.24 %), and a double-re info rcement cross section with 
fi ve D6 bars each arranged at tension and compression sides (RM, steel ratio 2.73 %). High
early-strcngth cement was used for the mortar which had a compressive strength at 14-day age 
of approximately 78.48 MPa. 

2. Method of Testing 

Third point loading of span of 0.90 m was used, with upper limit loads P ma.< 0.8, 0. 7, 0.6 
and 0.5 of static failure load P,, and lower limit loads P'"'" I. I 7 to 1.47 kN and repetitive load
ing was carried out. The repeating speed was 0.125 Hz. During testing, repetitive loading was 
stopped at every 3x104 cycles as a rule, and deflection and crack widths were measured. 

l.Q 
Type A 

~ 0 . 8 Type B 
.....__ Type RM 

i::: o.6 ·rl 
E 

p.., 
I o.4 ~ 
E n. 

0.2 
Lower Limit Load : 120- 150 kg 

Number of Cycles 

Fig. 4. Amplitude vs. number of cycl~. 

3. Test Results 

The relations between load ra tios (Prnnx-Pm;nlPu) and numbers of cycles (log N) are 
shown in Fig. 4. Assuming that a linear relationship eitists between the above, and estimating 
the amplitude of load when rupturing occurred at 2 x 106 cycles, whereas they were 2.45 to 
2. 94 kN in the cases of Types A and B, the value was approximately 5.39 kN in the case of 
RM. To indicate this by static failure load ratio, the former resulted in 20 to 26 %. whjle the 
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latter was about 40 %. The reason such a difference was produced is thought to be thermal 
effects on the wire fabric during electroplating. 

The failure condition of specimens, in case of RM, was that of rapid failure due to brittle 
rupture of tension reinforcement, but in case of ferrocement, wire fabrics were ruptured in 
succession from the bottom, and considerable deformation was recognized up to final specimen 
failure. 

Impact Resistance 

1. Test Specimens 

The test specimens had dimensions of width of 150 mm, length of 600 mm, and thickness 
of 40 mm , and the arrangements of reinforcing materials were the three kinds of Type A, Type 
B, and RM as in the case of fatigue tests. However, the tension and compression reinforcing 
bars in RM were three 06 bars each . The steel ratios of these specimens were all 3.17 %. 
2. Method of Testing 

A Cbarpy impact testing machine (arm length, 850 mm ; penduJum weight, 19.8 kg) was 
used, and with a span of 450 mm, the pendulum was dropped from a position of 30°-110° from 
vertical to apply impact force (impact energy, 36.3-255 Nm) to the middJe point of the span. 

Impact resistance was evaluated by residual strength according to static bending tests after 
applying impact force and by energy absorption capability. For this purpose, dynamic strains, 
a datacorder, and an electromagnetic osciJlograph were connected to load cells and an 
inductance-type displacement meter for measurement of supporting point reaction and 
displacement of the span middle. The measurable frequency band was 0 - 20 kHz. 

3. Test Results 

The static flexural strength (residual strength) after application of impact force is indicated 
in Fig. 5. 
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Fig. .5. Impact energy vs, residual strength. 
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Fig. 6. Example of measurement results of res
ponse displacement and supporting point 
reaction (impact energy 87.28 kNm). 

lo Fig. 5, decline in residual strength was not seen in any type of specimen while impact 
energy was small, but in contrast to the case of Type A in which residual strength declined to 
approximately 0.27 with impact energy of 19 1 Nm, in the case 'of Type 8 and RM, with impact 
energy of 255 Nm the former dropped to 0.66, while with the latter, mortar spalled off in 
blocks. 
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Next, Fig. 6 indicates the supporting point reactions and waveforms of response d isplace
ments at mid-span when impact forces were applied to Type B and RM. Both supporting point 
reaction and mid-span response displacement became maximum immediately arter applying 
impact force and subsequently were rapidly damped. Fig. 7 shows loops drawn using inputs 
(twice supporting point reaction) to these simple beams and deflections (first wave) of mid-span 
deflection, and determining energy absorptions on the drawing they are 24.51 kNm in case of 
Type B, and 47.83 Nm in case of RM, the energy absorption of the former being approxi
mately 5.2 times that of the latter . 

;.o ~----.----...----Typ-.,-B-~ 

~ .o 1-----'-----4-

.. 
" ff 2 .0 

10 

--- Type RM 

15 

Reapon•• Displacement (IMI ) 

20 

Fig. 7. Supporting pomt reaction vs. response displacement (impact energy 85.90 Nm). 

l n effect, a ferrocemenl panel with a reinforcing bar grid arranged at the middle of the 
thickness has equal residua l strength to when impact force is applied compared with the rein
forced concrete type, while the energy absorption capability is five times or more, indicating 
superior impact resistance. However, the impact strength of ferrocement panels with only 
wire fabrics arranged throughout the cross section was somewhat lower. 

SEAWATER R ESISTANCE 

Test Specimens 

The test specimens were of two kinds, width of 150 mm , length of 550 mm, and thicknesses 
of 20 mm and 40 mm. The wire fabrics were four layers of ¢1 .2 mm - 10 mm for the former 
and ten layers of</> 1.6 mm - I 0 mm for the latter. The mortar mix proportions, of chose indicat
ed in Table I, were the ones using ordinary cement and sulfate-resistant cement, with 50 kg/ m3 
of expansive admixture used in part of the mixes. Specimens, after being maintained in moist 
condition a t 20" C for 4 weeks, were exposed to sea air o r seawater. Before exposure, a part of 
the specimens was preloaded to approximately I /3 offailure load to cause cracking (crack width 
0.02 - 0.03 mm) beforehand. The kinds of specimens and exposure conditions are shown in 
Table 5. 

M ethod of Testing 

The environments for the exposure tests were the three kinds of sea air, tidal zone and 
seawater. The tests were performed in a seawater pool where the water level was made to rise 
and fall more or Jess similarly to the open sea by an automatically controlled pump. The 
periods of exposure are 6 months, I year, 3 years, 5 years and I 0 years, the results up to 5 years 
of exposure being reported here . 
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Table 5. Kinds of specimen and exposure conditions. 

Cement Exposure condition 

Sulfate resistant Sea air 
Tidal zone 
Seawater 

Ordinary Sea air 
Tidal zone 
Seawater 

r = member 1hiclcness (mm) 
o = no expansive admixture • = witb expansive admixture 

No Preloading 

f = 20 t = 40 

- 0 

0 0 

- 0 

- 0 

0 0 

- 0 
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Preloading 

t = 20 t = 40 

0 0 -
0 0 • 
0 0 • 
- -
- • - • 

Evaluation of deterioration of specimens due to exposure was based on ultimate strength 
a nd restoring force characteristics obtained in repetitive bending tests of beams. That is, cyclic 
loading was done by third point loading with span of 450mm and deflection control. Restora
tion property was calculated by the equation below using total deflection cr a nd residual deflec
tion cr' obtained from cyclic loading. 

S-S' 
Restoration Property 'Y = -

s 

Test Results 

Examples of time-dependent changes in ultimate strengths of specimens for the various 
exposure cond itions are indicated in Fig. 8. Fig. 8 is for specimens of thickness 40 mm with 
ultimate strength indicated as being M ulbd2. This was because slight movements in the posi
tions of wire fabrics occurring during manufacture of ferrocement affect ultimate strength and 
this was corrected to an extent. l n rhe above, d was obtained from actual measurement from 
extreme compression fiber to centroid of full cross section of wire mesh on cutting the beam in 
the direction perpendicular to the axis afte r completion of bending tests. 
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Pig. 8. Time-dependent change in ullimate strength (sulfate-resistant cement, member thickness = 40 mm). 
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1n Fig. 8, the ultimate strengths of beams expressed by MJbd2 are shown to be 0.89 to 
1.17 of specimen strengths before exposure irrespective of exposure environments of specimens, 
existence of cracks due to preloading and use of expansive admixture, and deterioration was 
not recognized in up to 5 years of exposure. 

Next, on ill ustrating the relation between load ratio and restoration property y of beam, 
it is found that there exists a load ratio P,/ P., at which r abr~ptly decreases, and this can be 
used as a yardstick for deterioration. 
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Fig. 9. Time-dependent change in P,/P .,. (Member 1hickness = 40 mm.) 

Fig. 9 is an example of time-dependent change in P,/P,.. According to Fig. 9, values of 
P,/P., a re in the range of0.64 to 0.78 at 5 years of exposure and deterioration is not recognized. 
Specimens of other mix design and exposure conditions indicated similar trends. Consequently 
from the two aspects of ultimate flexural strength and restoring force characteristics of speci
mens, it may be said that seawater resistance of ferrocement is good up to 5 years of exposure. 

MODEL T ESTS OF SHJP MEM BER 

A small lerrocement ship of length of 30 m was designed on a trial basi!"> and the strength 
of the hull against longitudina l bending moment and the planar shear strength of the ship's 
side were tested . 

Des ign ofFerrocemeot Ship 

a. D esign Conditions 
Type of ship : Water transport barge 
Length of ship: L = 30 m 
Specific gravity of hull, : p = 2.42 
Waveform: trochoidal wave 
Maximum wave height: Ii., = 1.50 m 

b. Determination of Principal Dimensions 
Beam of ship, : B = L/6 + 1.0 = 6.0 m 



Journal of Ftrrocement: Vol. 11, No. l. April 1982 

Heighl of ship, : H = L/ lO = 3.0 m 
Thickness of member, : t = 6.0 m 

155 

Reinforcement: Reinforcing bar grid (pitch 50 mm) of ¢6-mm bars placed at mjddle of 
thickness, with 8 layers of ¢J.2 mm - 10 mm wire fabric provided at both sides. 

c. Calculation of Stress by Longitudinal Bending Moment 

Load curves for sagging and hoggjng states were plotted, and a shear force diagram was 
obtained by integrating these along the length of the ship, and upon integrating a second time, 
the bending moment cliagram was determined. Fig. 10 shows the load curve, shear force 
diagram and bending moment diagram in the state of saggjng resulting in maximum 
shear force of Smax = 217.2 kN and maximum bending moment of M max= 2072.5 kNm. 
The maximum shear stress at the ship's side was found to be t = 0.65 MPa and the maximum 
bending stress at the bottom cr = 1.56 MPa. 

fe~rocemen~ Vessel 

Fig. 10. Lond curve, shear force diagram and bending moment diagram. 

d. Unit Stress Based on Local Bending Moment 

The supporting point shear force and bending moment, considering the bottom 
plate of the ship to be a continuous slab of 500 mm span supported by the keel, were 54.8 kN 
and 4.48 k m, respectively, with shear stress being 0.23 MPa and bending stress 1.25 MPa. 

Table 6. Shear and bending stresses of ship members. 

Ship member Stress Longitudinal bending Local bending Total 
stress (MPa) stress (MPa) (MPa) 

Ship's side 't 0.65 - 0.65 

Bottom plate t 0.0098 0.23 0.24 
C1 1.56 1.25 2.81 
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e. Examination of Stresses 

The maximum shear stresses and maximum bending stresses acting on the ship's side and 
the bottom plate are shown in Table 6. The experimental value of bending stress at the time of 
crack formation when third point loading at span of 900 mm was done on a ferrocement panel 
of width of 300 mm, length of I 200 mm, and thickness of 60 mm having the same cross section 
as a ship's hull member was 4.9 MPa. The maximum bending stress of the bottom plate was 
not more than 490.33 x 2/3 = 326.88 N, meeting the requirements oftbe "Tentative Criteria for 
Ferrocement Ships." 

l 

@5x30=150 
165 :1 

(i) Specimen for Alternating Flexure 

20 ll2 . 5 31.5 

ll70 
(ii) Specimen for Shear Tests 

Fig. 11 . Specimens. 

Loading Tests of Ship Hull Members 

a. Test Specimens 

The test specimens we re the two kinds of ship-hull model and ship-side model. Although 
the ship-hull model shou ld properly be a hollow-sectioned girder, an I-shaped gLrder with web 
width double the side wall was adopted in order to avoid difficulties in fabrication. The di
mensions, as shown in Fig. 11 , were flange width 500 mm, thickness 30mm, web width 60 mm, 
girder height 500 mm, and girder length 3.2 m. As reinforcement, a grid of ¢6-mm bars was 
placed at the middle of' the panel thickness of 30 mm wilh two layers each of</> 1.2 mm - 10 mm 
wire fabric arranged at both sides. The dimensions of the shipside model, as indicated in Fig. 
11 , were girder length 3.4 m, girder height 750 mm and thickness 60 mm, with the arrangement 
of reinforcement exactly the same as in the cross section of the actual ship designed. The mortar 
used for the two specimens had unit high -early-strength cement content of 870 kg/m3, ex
pansive admi.xturc content of 50 kg/m3 and compressive strength of 76.52 MPa. 
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b. Loading Method 

The hull-model girder was of a span of 3.0 m, with the loading positions at two points 
in the middle each 1.2 m distant from the two supporting points. With such an arrangement, 
in case of load of P = 26 kN, the results were cr = l.56 M Pa and 't = 0.64 MPa, and it was 
possible to reproduce the stress of the actual ship when subjected to design longitudinal bending 
moment (Table 6). 

T he method of loading was to apply one cycle of positive and negative at design load of 
26 kN, ten cycles at 1.1 times the cracking load, and subsequently increasing load monotonously 
up to failure. Jn case of the ship-side model, the span was made 3.0 m, with two points 
at the middle each 1125 mm djstant from tbe two supporting points. Consequently, the shear 
span-girder height ratio was 1.50. The load was increased monotonously up to failure of the 
g irder. 

c. Test Results 

With the ship-hull girder, the load at which cracks were produced at the flange portion 
was 96.65 kN, approximately 3.7 times the design load. The ultimate load was 254.08 kN and 
development of diagonal cracks was not recognized at the web section until failure , The 
diagonal crack development load of the ship-side model girder was 289.92 k.N, the shear 
stress 4.57 MPa, and a degree of safety of7 was possessed for design shear stress of0.65 MPa. 
Failure was in the form of bending failure at the middle of the span. 

Based on the above test results, it may be said that using an expansive admixture in ferro
oement for watercraft is extremely effective in increasing cracking strength. Further, since 
ferrocement generally has steel arranged equally in both horizontal and vertical directions, it 
is thought special reinforcement against planar shear force is not necessary. 

CONCLUSIONS 

As a result of carrying out te~ts on statica l and mechanical characteristics and seawater 
resistance of ferrocement, and model tests of ship members, the following were recognized: 

I . The ultimate bending moment of a ferrocement beam is greatly influenced by the 
strength of mortar, and by the type and arrangement of wire fabric, but it may be calculated 
considering the f errocement as being a reinforced concrete cross section of multi-layered bar 
arrangement. It is effective to use wire fabdc of small mesh spacing, about 10 mm generally 
being desirable. 

2. Since bending cracks are formed at locations of transverse-direction wires, crack dis
persion is extremely good. For example, in case of using wire fabric of spacing of 10 mm in a 
ferrocement panel of thickness of 40 mm, the load ratio at maximum crack width of 0.1 m m 
was 0.74. 

3. The fatigue strength of a ferrocement panel, because of thermal effects during the 
process of electroplating of the wire mesh is lower than for a reinforced mortar panel. In effect, 
when expressing fatigue strength by the ratio of amplitude in repetitive loading to statical 
bending failure load, whereas the 2 x 106 - cycle load ratio of the reinforced mortar panel was 
0.40, the load ratios of ferrocement panels were 0.20 to 0.26. 
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4. In case of evaluating impact resistance by statical flexural strength (residual strength) 
after application of impulsive bending and by energy absorption capability, the residual 
strength of a ferrocement panel with a reinforcing bar grid at the middle of its cross section 
was equal to that of a reinforced mortar panel, while energy absorption capability was more 
than five times greater. However, the impact resistance of a ferrocement panel with wire fa
brics arranged throughout its cross section was somewhat smaller. 

S. Ferrocement panels were exposed for long periods in sea air, at the tidal zone, and in 
seawater, and the deteriorated states were studied by ultimate bending strength and restoring 
force characteristics, but up to exposure of five years, deterioration could not be seen 
regardless of type of cement, existence of expansive admixtures, and existence of cracks, 
and the condition was good in relation to the offshore environment. 

6. A small ferrocement vessel of length of 30 m was trial-designed and loading tests were 
carried out on models of the ship's hull and sides. As a result, it was found that ferrocement 
members employing expansive admixture have extremely great safety against cracking to be 
suitable as ship-body material, while since ferrocement is of a construction where it is densely 
reinforced by steel in the horizontal and vertical directions, special shearing reinforcement is 
not needed even for members subjected to planar shear force as at the side of a ship. 
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Development and Calculation of Ferrocement 
for Hydraulic Engineering in Chinat 

Z. Guofan* and L. Shuyao+ 
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This paper presents a brief review of development and research work of ferrocement used in 
shipbuilding, industrial and civil buildings, particularly in hydraulic engineering construction. 

The results of studies on nwc/1anical behaviour of ferrocement and the methods for calculating 
Strrictural members made of ferrocement are briefly discussed. The construction methods and 
service conditions of some typical ferrocement strucrures are also introduced. 

INTRO DUCTION 

Since 1958, many kinds or ferrocement structures have been widely used in People's Re
public of Cbina. 

At first, they were used in building boats and ships. Since then, they have been gradually 
used in industrial and civil buildings and hydraulic engineering constructions. 

By using ferrocement, the delicate-looking thin wall structures have been built up with 
more economic effect and good characters on capacity of osmosis-proof and durability. 

APPUCATIONS 

Shipb uilding 

The applications to shipbuilding will be introduced in detail in other paper . T here we 
shall describe briefly some work in that region. ow, the ferrocement agricultural boats are 
being widely used in China. The chief sorts of such boats arc 1-15 tons agricultural boats in 
which the technology of prestress i~ widely used, fishing boats. irrigation and drainage boats, 
multipurpose agricultural boats, etc. Meanwhifo, the ferroccment tugboats (up to 1320 h.p.) 
and the working boats have a lso been built. A 3000-ton passenger ship was built in 1974. 

Industrial and Ch•il Buildings 

Ferrocement is also being widely used in the industrial and ~a vii buildings in China to build 
water tanks, silos and thin shell roofs (e.g., hyperboloidal flat shell roofs, folded plate roofs, 
etc.). 

Here a span of 24 m hyperboloidal wave arch roof made of ferroeemen t is briefly intro
duced (Fig. I). This structure consists of ferrocement arch shells, tension elements and edge 
beams. The span length of the circular arch, with a radius of curvature R "' 20 m, is 24 meters 
and every span of shell is precasted in three segments, put together in 1 he fie ld. The shape of the 

t Reprinted courtesy of RJLEM and ISMES, Published in the Proceedings of the Internat ional Symposium 
on Ferrocement (July 22-24, J98J, Bergamo, Italy). 

• Professor, Head of Division of Structur.:s. Ocean Engineering Research Center, Dalian Institute of Techno
logy, China. 

• Associate Professor of Civil Engineering, Dalian lnslitute of Technology, Chtoa. 
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Fig. I. Setting up the precasl ferrocement arch shell. 

cross section of the arch is of messenger cable shape. Two steel bars of diameter 25 mm are used 
for tension elements of each arch. Edge beams are designed in uniform cross section. The 
height of each edge beam is designed as short as possible and the width of each beam in cross 
direction is increased for enhancing the stiffness and durability of the whole roof. This type of 
the new structure is more economical in cost and more beneficial for carrying the applied loads. 

This type of roof acts not only as a hover of the buiJding but also as a part of the load
carrying structure, so that the cost of construction and the self-weight of the roof can be 
reduced greatly. 

A building of this roof was completed in 1965 and was examined last year. After chiselling 
the cement mortar, it was found that the wire meshes were still unrusted. 

Hydraulic Engineering Construction 

Ferrocement gates have been used since 1960s. Recently. they have been gradually applied 
to longer span and for higher head hydraulic construction. The ferrocement gates have the 
advantages of light weight, good crack resistance and ease of construction. Using these gates. 
the cost and steel content can be greatly reduced. For example, a ferrocement segmental gate 
with a span of 12 m and a design head of 5 m under the otherwise equal conditions can reduce 
the cost by 45 % and the steel content by 50 %. comparing with steel gate. 

There are many kinds ol' hydraulic gates made of ferrocement. These are slab-beam gates. 
folded plate gates, wave-plate gates, arch gates, short cylindrical shell gates, hyperboloidal flat 
shell gates, prestressed ferrocement slab gates, segmental gates, etc. 

The folded plate gate shown in Fig. 2 is an open thin wall structure. It can carry greater 
load by itself, so the cross beams are unnecessary. The folded plate may be idealized as an 
equivalent I section beam. 

In the wave plate gate, the wave plate is suppo rted on the cross beams (Fig. 3). The pur
pose of adopting the wave plate is that the stiffness and crack resistance can be increased by 
using the curved cross section with greater moment of inertia. 
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4 - 12mm0 

Note:all dimensions of all 

figures are in centimeter s 

Fig. 2. The design of a folded plate ferrocement 
gate. 
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Fig. 3. The design of a wave forrocement plate 
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An example of short cylindrical shell gate constructed in 1966 is given in Fig. 4. It was 
used as a repair gate, installed in a flood conduit. This gate consists of three parts. The ratio of 
the span in longitudinal direction to the wave length in cross direction is less than 0.5. Theory 
of elasticity is used for analyzing the internal forces of the shell. Since 1966, this gate has been 
examined by observations and has been proved to be in good service condition. 

The hyperboloidal flat shell gate also serves well. It is usually set with the flat shell in 
positive direction (i.e., the convex side is towards the water interface). Jn this case, the shell is 
essentially subjected to compression and the edge beam is under eccentric tension, so the steel 
content of the edge beam is much more and cracks may easily appear in the edge beam. To 
overcome this disadvantage, sometimes the flat shell is set in the opposite direction (Fig. 5). 
Then the shell is under tension and the edge beam is under compression. Thus the steel content 
of the edge beam is much less. But the drawback is that much water wi ll be stored in concavity 
and the hoisting force to lift the gate must be increased. 

An example of prestressed ferrocement slab gate with width)( height of 6.0 m x 2.4 mis 
shown in Fig. 6. T his gate is used in a river. There are three prestressed concrete cross beams. 
The size of the cross beam can be greatly reduced due to adopting prestress, so the weight of 
gate and the cost of construction are greatly reduced. 
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Fig. S. The design of a hyperboloidal flat ferro
cement shell gate, 

prestressed cross beams 

Edge 

Fig. 6. The design of a prestressed ferrocement slab gate. 

Now, we shall turn to the discussion of aqueduct. There are two kinds of ferrocement 
aqueducts : the thin shell ferrocement U-aqueduct and the prestressed thin shell ferrocement 
U-aqueduct. 

Since 1960s, the thin shell ferrocement U-aqueduct has been rapidly developed in China. 
The advantages of this kind of aqueduct are: light in weight, ease of construction, good 



Joum(I/ of Ferroceme11t: Vol. 12, No. 2, April 19112 163 

hydraulic conditions and less cost. In aqueduct construction, the precast units are casted in 
field workshop and put together in field of construction. 

The calculation of the thin shell ferrocement U-aqueducts may be classified by the ratio of 
span length to width of the aqueduct (Fig. 7). when 11/ 11 > 3-4, it belongs to long shell, when 
3-4 > 11/12 > 0.5-1-medium sized shell , and when /if/1 < 0.5-l -short shell. 

Fig. 7. The shape of a thin shell ferrocemenl 
U- Aqued.uct. 

200 

S-50mm0 hole 

Fig. 8. The cross-section of a presrressed thin 
shell ferrocement U-Aqueduct. 

For a long shell, the calculation of the internal forces in the longitudinal direction may be 
analyzed as a beam with, U section . 1f the tension element is added at top of the aqueduct, the 
structure in the cross direction may be analyzed as a statically indeterminate structure, for the 
purpose of more accurate calculation, the finite element method should be used. 

As for the calculation of the medium-sized thin shell and the short thin shell, the finite 
element method and the theory of elasticity should be used. 

By observations over a long period, many aqueducts have shown that they are in good 
service conditons. 

Another kind of aqueduct is the prestressed thin shell ferrocement U-aqueduct. For the 
purpose of increasiug the crack res.istance along the longitudinal directfon, prestressed steels 
are set. A design example is shown in Fig. 8. 

A ferrocement gate covered with glass fibre reinforced plastic was built in 1970. It is a 
ferrocement hyperboloidal ftat square shell with equal curvatures in the or thogonal directions. 
The size of the shell in plane is 5.6 m x 5.6 m. For the purpose of preventing rust and increasing 
strength of ferrocement, the gate is covered with glass fibre reinforced plastic (unsaturated 
polyester resin). The cover is made of two layers of 0.2 mm thickness coarse yarn checkered 
cloths. 

From the results of laboratory test , the formation of cracks may be delayed and crack 
widths may be reduced by the restraint action of the cover. By practical observations, the gates 
covered with glass fibre reinforced plastic are found in better service conditions than ordinary 
ferrocemeot gates and those gates covered with other materials. This paint not only can 
improve the mechanical properties of ferrocement. but also form a good cover to prevent rust 
and excoriation. The steps of painting are as follows. At first, the cleaned gate is painted 
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throughout with the adequate adhesive. Then a layer of glass fibre reinforced cloth is well 
paved on the adhesive layer. The above steps are repeated until the required thickness of the 
cover is obtained. 

Materials Used for Ferrocement 

The materials used for ferrocement are as follows: 

I . Cement mortar usually madefromordinary portland cement, fine aggregates and water, 
with compressive strength of 39.24-58.86 MPa, cement content of 400-800 kg per cubic meter 
of mortar, and water-cement ratio of 0.30-0.45. 

2. Wire meshes with wire diameter of 0.6-l .2mm, mesh lattice size of 6x6 mm-15 x 15mm, 
ultimate strength of 441.45-539.55 MPa for zinc-coated wires and 441.45-735.75 MPa for 
unzinc-coated wires, modulus of elasticity of wire 1.57 x I os MPa. 

3. Reinforcing bars in small d iameter. 

Calculation for Designing Members 

According to the steel content, there are two categories of calculations. 

The first category of calculations is used for designing the members with higher steel 
content, G > 300 kg/ m3, where G = (n1 q/lt - 111 d1) x 1000 (kg/ m3), q = unit weight of wire mesh 
in kg/ro2, h = thickness of ferrocement member in mm, 111 and 111 = number of layers of wire 
meshes a nd reinforcing bars respectively, d1 = diameter of reinforing bar in mm. lo this 
method, according to the different stages of loading there are three groups of calculating 
formulas for designing the members subjected to pure tension or bending. 

At the first stage of loading, a higher resistance to the growth of microcracks of not more 
than 0.005 mm wide is required, and the design formulas are given by 

K, N ~A cr1 .......... ..... .... .. ( I ) 

(2) 

where K1 = factor of safety, usually taken as J .25, N and M are applied tension load and 
bending moment respectively, A = area of cross section of ferrocement member, W1 = elastic 
section modulus of the cross section for the extreme tension fibre. 

cr1 = (1-µ1 -µ1) R ,1 + 2 (V E81 µ1 + £1 2 µ2 ) x J0-4 

~l1 = A8 t/A and µ1 = A 81/A 
A11 and A,1 = area of longitudinal wires and longitudinal bars respectively 

Rs, = tensile strength of mortar 

t/r '"' l + 0.9 (/J - 200) x 10- J 

(J = G/d, 
d1 = diameter of wire in mm 

(/1 is limited in the range 250-500) 

£11 and £81 = modulus of elasticity of wires and reinforcing bars respectively. 
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At the second stage of loading a resistance to the growth of visible cracks of not more tban 
O.Ql mm wide is required, and the design formulas are given by 

K1 N $ A 0 1 ..................... (3) 

K, M < y W1 0 1 ..................... (4) 

where cr1 = ( 1 - µ1 - µ1 ) R,1 + {i/I' E,1 µ1 + Ell1 µ2) f.f 

r.1 = (0.6 + ( {J -100)2 x 10-s1 R,1 x 10- s 
y = 1.9 for rectangular section and 1.5-1.6 for U section. 

The other notations are the same as given in equations I a nd 2. 

At the third stage of loading, the crack widths are limited to 0.05 mm, and the design 
formulas are given by 

where 

K1 N ~A crJ 

K1 M $ y W1 cr3 

0.91(l -µ 1 -µ 1)Rs1 + (Jfr-1) x 

E11 , µ, er+ Elli µ1 Eo.os + E92 µi Eo.os 

r.0.os = [0.6 + 1.8 (/J - 200)2 x 10-5) x R.,1 x to-s 

The other notations a re the same as given in equations 1-4. 

..................... (5) 

(6) 

For designing the members subjected to axial compression load, the formula is given by 

..................... (7) 

where K 0 = factor of safety, usually taken as 1.8, N = applied compression load. 

era = </> [( 1 - µ / - µi) + 111 µ , + Iii µz]R" 

<P coefficient indicating the effect of slender rat io of the member, which is given in 

n1 = E81/E01 and n2 = E,if £01 

Ea,= (l - µI - µ2) £, + µI E,1 + µ} E,z 

E, = modulus of elasticity of mortar 

R,, = 0.9 RI 

R,, = compressive strength of mortar in standard cubic specimen. The other notations 
a re the same as given in equations I and 2. 

For designing the members subjected to bending combined with compression, the fo.rmulas 
are given by 

M -~ ~ </> 'Y cr1 

W1 A K1 

M + ~ ~ </> cra 
WO A x .. 

....... .............. (8) 

....... .... ... ....... (9) 

where y <J re taken as 1.0 for the first stage of loading and as 1.9 or 1.5 - 1.6 for the other stages 
of loading as mentioned above. 
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cr, = cr1, cr1, or cr3 , according to the above mentioned stages of loading respectively 

Wu= elastfo section modulus of the cross section fo r the extreme compression fibre. 
The other notations are the same as given in equations 1-7. 

For designing the members subjected to bending combined with tension, the formulas 
are given by 

M + y N < y cr1 

W1 A - K 1 

M _ !!_ :::=;; cr0 

Wa A Ka 

The notations appeared here are the same as mentioned above . 

...... .... .. .. .. .... . (10) 

.......... . .... . ..... ( 11 ) 

T he second category of c.alculations is used for designing the members with lower steel 
content, 150 :::=;; G :::=;; 300. In this category, according to the different stages of loading, the re 
are two groups of calculating formulas for designing the membe rs subjected to pure tension 
or bending. 

At the first stage of loading, a resistance to visible cracks of not more than 0.0 I mm wide 
is required , the formulas are give n by 

where 

K1 N::::; A cr; 
K1 M < y W1 cr; 
cr~ = [0.45 (G - 150)2 x 10- 4 + 0.5] R.1 

cr; = [0.45 (G - 150)2 x J0-4 + 0.75] Rs1 

T he other notations are the same as given in equations 1-4. 

. ....... . ...... . ..... ( 12) 

.. ...... .. ........... ( 13) 

At the second stage of loading, the crack widths are limited to 0 .05mm. the formulas are 
given by 

where 

K1 N::::; A cr~ 

K1 M::::; y W1 a; 
cr~ = [0.6 (G - 150)2 x I0- 4 + 0.6] R,1 

cr; = [0.8 (G - I 50)2 x 1 o-s + 0.09] R, 

The other notations are the same as given in equations 1-4. 

. . . .... ... .. .. ....... (14) 

...... .. . . .. ......... (15) 

For designing the members with lower steel content subjected to axial compression load, 
the formula is the same as equations 7. 
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A Minimum Mould Technique For Ferrocement 
Boat Construction 

G.L. Bowen* 

INTRODUCTION 

167 

Construction of ferrocement boats require some sort of a mould. These moulds are 
usually described as ope-n or closed. An open mould may consist of temporary or permanent 
frames made from pipe, sawn lumber, or welded steel rod . A complete or closed mould may be 
either a male plug or a female cavity type. 

It is worth noting that fo r a one-off boat, appreciable time and money can be spent 
framing up. Although sometimes a portion of the investment can be recovered if temporary 
frames are used, generally this is not the case. Similarly, closed moulds generally require 
substantiaJ investment and a number of hulls need to be made to amortize them. 

It is of interest then when a new technique comes along to minimize mould costs. Jo a 
developing country situation where plant and materials are not readily available and any 
savings is welcome, this technique may find ready acceptance. 

THE MINIMUM MOULD TECHNIQUE 

The method to be described was devised by Mr Jack Yeates, a 70-year old pensioner , 
living near Opua in New Zealand's Bay of Islands. The technique of construction devised by 
him is ideaUy suited to a boat with a chine. Similarly, it is more readily adaptable to small 
boats of simple form. Fig. l shows Mr Yeates in his boat built by this method under sail. 
Fig. 2 shows the boat sitting on its bilge keels. 

Fig. I . Boat bui lt by the minimum mould technique under sail. 

• S:nior Water Resources Engineer of Tonkin & Taylor Consulting Engineers, Auckland, New Zealaod and 
New Zealand Correspondent of the Journal ofFerrocement . 
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Fig. 2. The boat sitting on its bilge keels. 

To build the hull of this boat, Mr Yeates first formed a depre.ssion in the ground. T he 
maximum depth at the center was only 460 mm and curved upwards to the sides. Most of the 
depression formation was done by eye but a centerline was put in and measurements made fo~ 

sy_mmetry. 

Next stakes were driven at the appropriate inclination and a batten put around to fair 
them up. T hese became the sides of the mould. A drain was also installrd to dewater the 

excavation. 

. . 

Fig. 3. H.ooking through : a common method for placing ties when they cannot be pushed through from the 
other si<:te. 
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To firm up the sandy 'oil, a paste of ce ment and sand was pread around the depression 
w11h a brush. Holes were dug for the bilge keels and wallpaper paste useu to firm up the hole 
edges. 

Next. the hole was lineJ with plasttc sheet a nd the fi rst four layer:. of 22 gauge ch icken 
wire placed. Rebar was next placed und then the final four layers of chicken wire. The 
armature for this bout \\al> made from X layers of chicken ''ire and 6 mm diameter rebar in 
1wo directions. 

The armature wa~ tied from the inside hy "hooling" materia l below from above as shown 
jn Fig. 3. The wire is then twisted with end nipper . The concept of the minimum mould 
technique is shown in an owrview in fig. 4. 

~ 

I 
Fig. 4. Donl meshcu and ready for plastering by minimum mould technique. 

Mr Yeates had no prcviou:, experit:nce wi th ferroccment and \\ashed by hand about 
50 bags of sand dredged from the sea. A friend advised him that the sand wo uld be unsui table 
due to it even grading ~o he abandoned hb previou~ ''ori.. and purchased a pre-bagged yacht 
plaste r. 

The boat wus pla ·tercd from the inside and wa!> then left for )even days. One s11.le of the 
hull was then levered up and back-pla~tercd . Thi!. was allowed to hydrate for seven days and 
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then the other side was done similarly. The hull was then coated with a coal tar epoxy and, 
with the help offriends, launched. 

DISCUSSION AND CONCLUSIONS 

Mr Yeates estimates the weight of his boat at about one tonne. He also estimates the 
total cost for the boat at about US $ 600. 

There is no doubt that the boat is very heavy for its size. The Jay-up is heavier than that 
usually used for boats up to four times longer. Except for several floors and a deck shelf, 
there bas been no effort made to make attachments to t~e hull and the internal woodwork is 
very heavily constructed. 

Jt is interesting to note that. for all practical purposes, this boat was built under circum
stances identical to what might be expected in an underdeveloped country situation. Only 
rainwater was available for mixing and curing, there was no electricity (and, as a consequence, 
no welding), and no road access. 

The boat has performed very satisfactorily and Mr Yeates has been very pleased with it. 
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This section provides illustrated information and details of construction (o help user to construct 
fcrrocement structures quickly, easily and economically. 

To Build or Not to Build a Ferrocement Boat 

L. Robles-Austriaco+ 

1f you are thinking about building a ferrocement boat, patience and perseverance must be 
two of your personal traits. To build a strong and sea-worthy boat takes time and money; 
and requires making many decisions. Building a boat should be dealt with much forethought 
and serious planning. 

BacJ<ground Information 

• Seek advice from experienced and amateur builders trefer to list of ferroccment experts 
pp. 210-222). 

• Read practical books on ferrocement; its advantages, design and construction (refer to 
Appendix A for bibliography) . 

• lf feasible, visit sites where ferrocement boats are being built. 
• Find out the total building cost. 

Design Selection 

· Decide on the function : houseboat, fishing boat, yacht, sailing boat. power boal 
(refer to Appendix B for descriptions and illustrations). 

• For the first project choose a small boat, i.e. Jess than 9m. 
• Choose semi-displacement hulls or displacement hulls. Ferrocement is unsuitable for 

light displacement hulls (refer to Appendix C for illustration). 
· Choose a well-tested stock plan; 

- not old, not out-of-date. 
- designer is experienced ferrocement boat builder and could be contacted. 
- discuss with designer any lechnical problems and changes. 
- if feasible, visit a boat built from this design. 

• Choice should have a pleasing appearance and good resale value. 

-+ Senior Information Scientist, International Ferrocement Information Center, Asian Institute of Tochnology 
Bangkok, Thailand. 
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Finance 

• Capital outlay decides the size of the boat. 

• Canvas hardward stores, shjp chandleries, timber yard, plywood outlet for best dis

count. 

Construction Site Selection 

• Ideal site - alongside water for ease of launching. 

• Site should have a firm level base. 

• Site should have natural drainage. 

A good and regular supply of water is essential. 

• Power on the site is advantageous. If not available, power could be supplied with 

portable power unit. 

Space for crane to enter and operate around the vessel. 

To build or Not to build ? If you have any doubt about building a ferrocement boat, then 

decide against it. If you believe you can, then take the big step. 
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APPENDIX B 

TERMINOLOGIES 

Amateur builders should know basic terminologies to avoid confusion. 

Parts of a boat* 

rudder 1tocll 

transom 
lleelson 

rud er 
horn 

""' 

Sample plans of boats 

... 

nib 

floor 

gunwhole 

prism ( deodli9ht) 

Por hole 

bulllheod 

Le•f table 

Benn 

Cutter. 

beltin9 

bulworll 

J 73 

• O'KELL Boat Plans, "Stone Boats and How to Build Them", A Manual of Ferrocement Construction by 
Pioneers, P.O. Box 1228, TounsviUe, Australia. p. S6. 
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Ketch. 

Lockers 

Fishing boal. 

Types of boatst 

The sloop{l.)and cutter(r.),both rigged with self- tend ing jibs. 

t BINGHAM, B., "Ferrocement- Design, Techniques and Applications", Cornell Maritime Press, Jnc., 
Cambridge, Maryland, U.S.A .. pp. 39-42. 
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Sailboat 

Sloop 

Cutter 

Ketch 

- a vessel having a sail or sails by means of which it is propelled. 

- a single masted vessel and flying a main sail and headsall. 

- a single masted vessel a nd two headsails distinguished from tbe sloop 

in having a mast further aft and in some cases is even found amidships. 

The kete~ os II 1s most commonly roooed 

- a vessel with two or more masts rigged with the main masts toward the 

bow a nd a relatively tall mizzen mast forward of the rudder part, 

toward the stern. 

The stays '1 schooner The boldheoded 9Chaoner The Moreon1 schooner 

Schooner - a vessel with two or more masts rigged with the main mast aft of the 

mizzen mast as distinguished fro m the ketch. 
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Yawl 

Yawl - a vessel rigged fore-and-aft, with a short mizzen mast astern of the 
rudder post as distinguished from the ketch. 

Powerboat - a vessel propelled by an internal combustion engine or other kind of 
motor. 

Houseboat. 

Houseboat - a vessel with particularly commodious living quarters aboard. 

Trawler. 
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Trawler - a fishing boat dragging a large baglike net along the bottom of a 
fishing bank. 

r--, ., _ 
-~ - ----:;:::/ 

I 
I 

0 

() e & <> 

---

i <i () -0 <> 

-.-.,- - -, 
I 

- - - - - - - - - - _, ------

Yacht. 

Yacht - a vessel for pleasure cruising, racing, etc. 

BASIC TYPES OF HULLS+ 

WAVE FORM 
-STATIC -

WATER LINE 

APPENDIX C 

C· c 

Light displacement hull - can be driven across the surface of the water at high speed. 

+ UNIDO, "Boats from Forrocemenl", Utilization of Shipbuilding and Repair Facilities, Series No. J, United 
Nations, N .Y, 1972, pp. 35. 
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WAVE. FOAM 
--sTirne -

WATER L.I NE -
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--

Semi-displacement hull - travels at normal displacing speeds and can be used econo
mically at slow speeds. 

WAVE. FOAM 

,/"" - - -- ......... 
STATIC WATER 

L.INE. -- -
Displacement hull - travels with the minimum power at the maximum water-line speed; 
it can carry heavy payloads and maintain the same maximum speed without very much 
increase in power. 
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lFrC NEWS 

IFlC Exhibit 

GUATEMALA 

Building Innovations of the Dry Family Com-

latrine are: elimination of offensive odor 
produced by wet excreta; avoidance of water 
table and fecal contamination and production 
of organic fertilizer. 

Interesting innovations in the construction 
of the upper slab are: bamboo reinforced 
concrete slab and slab made of bamboo rein
forcement and adobe as plaster. The use of 
the local materials has accelerated the diffu
sion of these designs. 

Matured bamboo are dried and then cut 
lengtl1wise through the middle of the reed to 
form strips. These strips are preserved with 
the application of either cinder paint (mixture 
of soot and water) or burnt oil. The strips are 
woven into the bamboo framework (Fig. I) 
used as reinforcement. The framework is put 
in-place and then mortar is placed to form the 
bamboo reinforced concrete slab. 

posting Latrines Fig. 

The Dry Family Composting Latrines 
(DFCL), promoted by the Mesoamerican 
Center for the Study of Appropriate Techno
logy (CEMA T) as an alternative to the pit 
latrine, is basically an adaptation of the 
Vietnamese Type. The advantages of this 

For the second case, reed-grass cane, abun
dant locally, is used as reinforcement. A 
layer of reed-grass cane are arranged trans
versally. then a layer of compacted adobe is 
added . On top of this another layer is ar-
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ranged longitudinally and a layer of com

pacted adobe is added (Fig. I). 

(Condensed from Newsletter Red, CEMAT's 

publication on Appropriate Techno/11gy, Year 

3, Vol.}, No. 8, January/March 1981). 

INDONESIA 

Ferrocement for Rural Water Supply 

T he local people of West Java are to benefit 
from the Rural Water Supply West Java 
Project. Before this project began, it was not 
uncommon for the local people to walk 
several kilometers to fetch water. 

It was to solve this problem and to prevent 
water borne diseases that the Ministry of 
Health, through the Directorate for Hygiene 
and Sanitation, has adapted ferrocement 
rainwater collector in its " Impress" program. 
Under this program, 500 units are planned 
for West Java in the fiscal year 1981-1982. 
The consultants of this project is the Inter
national Water Supply Consultants ( lWACO 
B.V.) from the Netherlands. 

Different types of ferrocement water tanks 
constructed for this project are shown in the 
following photographs: Figs. l and 2 show 
the first design developed where the water tank 

F ig. t . Ferrocemenl rainwater collector (Type I) 

under construction. 

Fig. :?. 3.5 m3 reservoir for a distribution system 
in the Masjid Kebon in Serang, West Java. 
This reservoir is used by 200 people. 

is constructed on a raised foundation. The 

advantage of this type is the ease tq fill up 

containers but the main disadvantage is the 

additional cost of the foundation. Fig. 3 to 

Fig. 5 show the recently developed des'ign 

where the tank is constructed on ground level. 

Water will flow provided a head of J .90 m is 

maintained. 

Fig. 3. IOm3 water tank for the lbu Kota Kecama
tan (capital of sub-district) West Java. 

{Information and photographs from Mr. H. 

Siswoyo, Training & Organization Section, 

Rural Water Supply West Java Project). 
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Fig. 4. 9rn3 water tank for lhe Masjid Tanjung 
Pura, lndramayu, West Java. 

in West-Java Indonesia for two days in the 
last week of February 1982. 

T he workshop dealt with ~he treatment 
process, distribution system, construction, 
operation and maintenance of a small scale 
water treatment plant. The distribution 
system is of a low pressure and decentralized 
storage type. The main construction material 
is ferrocement. T he choice of ferrocement is 
based on economy and suitability for village 
mutual aid (gotong royong) as one of the 
objectives is to achieve community involve
ment. 

The expatriate and Indonesian consultants 
who are directly involved with the small scale 
water treatment pilot plant in desa Kuta 
Ampel West Java contr ibuted to the Work
shop. Data obtained from an earlier pilot 
plant experiment were used as basis for the 
information. 

The workshop was sponsored by the Royal 
Netherlands G overnment through the West 
Java Rural Watersupply Project. The parti
cipants include: delegates from the villages 
and concerned government officials from 
different levels in the Ministry of Health, 
Ministry of Public Works and Ministry of 
Interior. Furthermore local consultants and 
interested individuals from local industries 
also attended. 

( Jnformatio11 from Ir. J.J.M. Mathijssen 
(/WACO B.V.), Depury Teamleader West 
Java Rural Watersupply Pro jeer) . 

Fig. 5. 9m3 water tank in Babela, Bekasi, West IT ALY 
Java . 

Workshop on Surface Water Treatment for 
West Javanese villages 

In cooperation with the Indonesian Minis
try of Health, the International Water Supply 
Consultants (JWACO) organized a Work
shop on Surface water treatment for villages 

Cement Fiber Conduit for Mineral Salts 
Dissolution 

In Calabria, near Belvedere Spinello in the 
Apennines, there is an important mineral 
salt lie, 600 m deep. Salt is extracted by 
drilling. In these drillings, fresh water is 
injected under high pressure and the dissolved 
salt is brought to surface as liquid. The 
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chemical composition of the dissolution is: 
300 g/I of sodium chloride (NaCl): 6 g/ I of 
calcium sulphate (CaS04) and 0.2 g/ I of 
magnesium chloride (MgC12). Its specific 
gravity is I 200 kg/m3 and its maximum 
temperature is about 20°C. 

The mineral salt dissolution is supplied to 
Montedison SA Factory through cement 
fiber conduits. The 40 km conduit connecting 
the tank and the factory runs along the Neto 
River valley and then along the Ionian Sea. 
Salt dissoluton of 6 500.00 tons are trans
mitted daily from the tank to the factory. 

The most important criterion for the choice 
of the material for tbe conduits was its resis
tance to chemical corrosion. The inner part of 
the conduits is protected by a thin cover made 
of epoxy resin. An alloy of cast-iron and 
nickel is used for point connection. A 500 mm 
diameter c'ist iron pipe is used to connect the 
tank and the conduit. The connection is 
provided with a valve and a stopping sluice. 
The cement fiber conduit can withstand a 
maximum pressure of 30 bars. 

(Condensed from: "Conduite en Fibres-Ciment 
Transport ant une Solution de Sels Mineraux". 
AC Underground. Article sent by Dr. G.L. 
Bowen, New Zealand correspondent of the 
Journal of Ferrocement.) 

JERUSALEM 

Jerusalem Dome 

This recently restored dome, crowns the 
Church of the Holy Sepulchre in Jerusalem 
which marks the site of the crucifixion, burial 
and resurrection of Christ. The church bas 
changed through the centuries: the main 
existing structure was built by the Crusaders 
during the 12th century, to replace the Basi
lica of Constantine completed in 335 AD. 
The Dome of the Anastasis which covers the 
Tomb of Christ was built in its present form 
in 1870 using Russian design and materials. 
This dome was well built with wrought-iron 
arches which have been repaired and re-used 

in the restoration work; it stood up well to 
periodic earthquakes but was severly damaged 
by fire in 1947. After attempts to patch it up, 
it was decided in f977 that total renovation 
was necessary. In 1978, the design and recon
struction were put out to tender to companies 
from the United States, France, Italy, Greece 
and the United Kingdom. The end product 
is a very creditable joint effort by a British 
team of designers and contractors. Because 
it proved very difficult to find craftsmen of 
sufficient experience and skill in Jerusalem, 
nearly all the labour on the contract -
including steelworkers, concrete sprayers. 
plasterers, welders and lead workers-came 
from the United Kingdom . 

Dtoyram'"ot;c rross sut101t, 

NEW CONCPETE SHELL 
WITH LEAD COVERING 

INNER 
PLASTER 
Sl<ELL 

Clients Greek Orthodox Pat11archate 
The Cus1odian of the Holy Lana 
(Catholic) 
The Armenian Patriarchate 

Architecis Jaques. Muir and Jorinson 
Panner-in·charge: John Jaques 

Structural engineers: Campbell. Reith & Panners 
Par1ner-in·charge: Ian Reith 

Contractors T R. Freeman Lid. Cambrtoge 
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The Structure 

The prime design objectives included a 
structural solution which would be Jong
lasting and attractive in appearance, strongly 
resistant to earthquake shocks and fire, at 
the same time making use of the very best 
materials within the permissible budget. 

The ability of the structure to withstand 
earthquakes is determined by its lightness and 
stiffness. The design of the dome incorporates 
a very thin (115 mm) reinforced concrete shell 
of considerable stiffness linked with steel 
connections to the existing wrought-iron 
arches. The arches and the shell are each 
capable of supporting the total loading in
dependently of each other. Combined to
gether, they produce a structure of immense 
rigidity and structural redundancy, ensuring 
that even if corrosion of the arches were to 
take place in the future and the members 
become weakened, the overall structure would 
not be seriously affected. 
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Beside stiffening the structure, the team was 
able to reduce the total weight of the dome by 
something like 100 tons, thus also reducing 
the loading due to earthquake shock on the 
masonry rotunda which supports the dome. 
From the fire resistance point of view, no 
wood or other inflammable material were used 
anywhere in the structure. 

Externally, the dome is covered with lead
a requirement by the client - as the most 
durab.:: and attractive external finish in this 
particular context, after discussion with the 
Lead Development Association in London. 
Lead is, in fact, a traditional fin ish for the 
dome of the Holy Sepulchre. The lead was 
installed using the hollow roll method of 
jointing and is hand finished: the clients 
requested that the structure should not look 
too precise and machine-made inside and out 
and should be sympathetic to the natural 
stone surroundings of Jerusalem. Inside, the 
dome has a plaster shell of about 25 mm 

Tht' restored dome irr the foregrourrd with its new lead-covered concrete shell. 
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thickness on an expanded metal mesh mecha
nically fixed to the interior of the wrought
iron arches, so that the plaster can be deco
rated in the original style with either frescos 
or mosaics. 

( Reprinted ji-0111 "Jetusa/em Do111c-C/111rcll (1j' 
the Holy Sepulchre, Jerusalem" Co11cre1e 
Quarterly, July-August 1981). 

KENYA 

The Uses of Sisal-Cement for School Building 
in Kenya 

Sisal Fibre is the only type of organic fibre 
which has been investigated in Africa accor
ding to the African Regional Workshop on 
Natural Fibre-Cement Construction Mate
rials held at the Kenyatta University College. 
Nairobi. Research and development have 
been concentrated to a large extend on corru
gated roof sheets similar in configuration to 
asbestos cement sheets. Sisal-cement roof 
tiles and wa ll reinforcement have a lso been 
developed. 

At Hlekweni in Zimbabwe. research and 
development have been on sisal-cement 
gutters and permanent shuttering for lintels 
and beams. 

Savings in cost of school building can also 
be made by using sisa l-cement instead of 
concrete in a number of building components 
that are normally made of precast concrete. 
A number of uses of sisal reinforced cement 
for school building are revie" cd in a paper 
presented in the workshop under the fol
lowing headings: 

a . Sisal-cement roof ti les: It is suggested 
that until the long term qualities of sisal
cement are known, its uses in the form of roof 
tiles provides a safer and probably more 
fruitful avenue for research and development. 
Any subsequent degradation of the fibres 
would not conslilule a danger because of the 
closely spaceu support ing battens. 
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b. Permanent forms for beams and lintels. 
Permanent moulds for lintels have been made 
a nd used at Hlekweni of a U-shape. with 
thicknesses of lO mm forthe sides and bottom. 
Into this the usua I reinforcement is positioned 
and the concrete placed. It has the advantage 
of less limb.er being required. Only that 
necessary for support on the underside is 
needed, and a lintel of a better finish results. 

c. S is al-cement paving slabs. Normally 
precast paving slabs are made 35-50 mm thick 
because of the stressed involved in handling 
and placing. Sisal reinforced paving slabs 
could be made 18-25 mm thick. Any possible 
subsequent deterioration of the sisal w9uld 
not materially affect the strength or the paving 
slabs once in place. 

d. S isal-cement surface water channels. 
Similarly surface water channels could be 
made 18-25 mm thick compared to the normal 
50 mm for concrete channels. with a conse
quent saving in cost. 

c. Sisal-cement floor screed. The use of 
sisal reinforced cement as a floor screed 
inhibits cracking. 

f. ShelJ-form permanent shuttering in sisal
cement. This is the most innovative proposal 
of the paper. The proposal is based upon the 
use of the early stress sharing qualities of the 
sisal-cement matrix to make a shell-form 
structure. When this sisal-cement 'shell' (of 
25 mm thickness) is set and curc:d, masonry 
walling can be built up over the sisal
cemenr shell. This can consist of brick, stone, 
coral, pumice or stabilised soil blocks depen
ding upon local availability. An outer weather
proofing bitumen coat and layer of sisal
cement tiles can be appli.ed for protection. 
A c ross-vault structure is proposed as being 
most suitable for the normal classroom 
fu nction. 

The paper finally indicates areas for further 
resea rch which include: accelerated weathe
ring tests ; means of preservation of fibres 
against degradation; and investigation of 
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other fibres available in Kenya such as those 
of the Bourn Palm which is reputed to be 
resistant to alkali attack. 

(Condensed from "The Uses of Sisal-Cement 
for School Building in Kenya··. Article sem by 
Dr. Noel Vietmeyer, Commission on lnrerna
tional Relations, National Academy of Sci
ences). 

NEW ZEALAND 

Cathodic Protection 

Informed research shows that the cost of 
corrosion in New Zealand is of the order of 
3.5 % of GNP or in excess of S 600 million 
annually, and of this vast sum something like 
40 % is avoidable. 

A very significant proportion of this avoid
able cost results from the corrosion of buried 
or submerged steelwork or structures holding 
water. 

The huge amounts of wasted energy always 
associated with such costs are clearly into
lerable in New Zealand"s current economic 
climate. 

The technique of Cathodic Protection (CP), 
applied either to bare steel or coated surfaces 
as proper economic evaluation dictates, is 
becoming more widely appreciated by in
formed structure owners. But there are still 
many owners and designers not yet fully 
aware of its absolute effectiveness in the hands 
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of a fully experienced CP designer. 

One hundred percent corrosion prevention 
can certainly be achieved and proven by 
measurement. 

Dimet. a division of Actec Industries Ltd. 
with a growing list of New Zealand projects 
behind it over many years, has the necessary 
expertise through professionally qualified 
engineers with long standing international 
experience on onshore, offshore, harbour 
marine and industrial structures. 

Dimet offers a total service from investiga
tion through to commissioning on typical 
structures s uch as onshore and submarine 
pipelines, wharf and jetty piling, bridge piling, 
buried tanks, tank bottoms, hot and cold 
water tanks, ships and many other applica
tions, including the special case of concrete 
reinforcement in specific environments. 

(Reprinted ji-om New Zealand Concrt•te Con
struction, September. 1981). 

Floating Wharf and Oil Tanker in Ferrocement 

High tensile wire reinforced fibrous ferro
cement was used efficiently and economically 
for a floating wharf and oil tanker by the 
Alexander & Poore Consulting Engineers. 
Fig. l shows the Jam bi floating wharf. fig. 2 
shows the I 000 ton fuel oil barge. This barge 
is equipped with an 800 H p engine. Ferroce
ment was a lso used to construct the deck house 
of the oil barge (Fig. 3). 

Fig. I. 
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F ig. 2. 

Fig. 3. 

( Information from Mr. Douglas Alexander, 

editorial board member of the Journal of 

Ferrocemelll and principal, Alexander & 
Poore Consulting Engineers) . 

inspired by Ferro Boats and Tanks 

An interest in ferrocement boal construc

tion , economical housing and functional in

novation has inspired Napier Architect Max 

Bognuda to design a house based on concrete 

tanks. 

The cost of a tank house is much lower than 

a timber construction. A very basic US $ 

30,000.00-35,000.00 timber house can be built 

in concrete for USS 24,000.00 or so. In fact, 

the cost could be lower according to the 
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architect. The cost of a tank house is lower 

because concrete is cheaper than timber and a 

tank house does not need foundations. The 

house itself is the foundation. 

The architect believes that the tank house 

could offer a solution to the housing problems 

for New Zealand and the rest of the world. 

Building tank houses could provide both 

better accommodation and employment, with 

the basic shells being built at small plants and 

then taken by rail to the house site. 

Concrete houses can be kept warm with 

flow heating and colorful rugs. 

Fig. I . The 1ank house. 

(Condensed from "Inspired by Ferro Boats aJJd 

Tanks", Building Materials News, October 

1981. News item sent by Dr. G.l. Boll'en, 

New Zealand correspondent of the Journal 

of Ferrocement). 

No-fines concrete 

Work has started on investigating the use of 

no-fines concrete as an embankment protec

tion. Some work has already been carried oul 

by the Wellington City Council, but the work 

of the Association involves the design of the 

formwork and subsequent grass seeding. 

A trial section has been produced I .2 m 

high x 600 wide and 75 mm in thickness. 
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Fig. I. Shutter for no-fines concrete. 

Fig. 2. Trial section of embankment protection. 

A shutter (Fig. I), utilising mesh and metal 
lath was used. This was extremely light to 
handle and relatively easy to fabricate and fix, 
since the concrete pressure in no-fines con
crete is very low. Six metre high pours are not 
uncommon in the UK utilis;ng a mesh form 
system. 

Fig. 3. Close-up appearance or surface. 

A 20 mm aggregate was used, i.e. elimina
ting 10 mm and sand, in an 8: I mix with 
cement and a water cement ratio of 0.42. The 
all up material cost for a 75 mm thickness is 
approximately S 2.5 per square metre. The 
stages in the process are illustrated in Figs. 
2-4. 

A top sea l of the no-fines u5ing morta r was 
used to prevent possible wash-out of the soil/ 
seed mixture. It is felt that no-fines concrete 
technique could be applied to a considerable 
number of small embankments where surface 
erosion could be a problem. 
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Fig. 4. Surface treated with soil/seed. 

{ Reprinted from rhe New Zealand Concrete 
Constr11c1io11, December 1981 ) . 

NZCS Fir t Technical Conference 

Two papers presented in the New Zealand 
Concrete Society first technical conference 
are on fibrous reinforcement. Mr Alexander 
presented a paper on the applications of high 
tensile steel wire reinforced fibrous ferroce
ment. He showed slides which illust rated the 
way in which steel fibre concrete, ferrocement 
techniques and post-tensioning had been 
successfully combined to produce ships and 
barges in Indonesia and Sabah. 

Barges for carrying palm oil with capacities 
of 450 and 550 tonnes had been constructed 
under very isolated conditions up to 100 miles 
away from the nearest road. The barges were 
constructed from precast panels either of 
reinforced concrete or pretensioned concrete. 
The panels were fully insulated by using cores 
of polyurethane which had been previously 
cast on site. 

Panel assembly was accomplished by means 
of grouted joints and two way post-tensioning 
usi ng 5 mm wires individually anchored with 
one wire anchorages. Sections with specia l 
shapes such as bows and bilge corners were 
cast insitu with high tensile steel wire rein
forced fibrous ferrocemenl using 2.5 mm 
diameter high tensile wires. 

The barges being constructed in Indonesia 
had a natural cement finish with no other 
protective coatings. 

Fibrousferrocement fishing boats and work 
boats did have applied finishes, but only for 
the sake of appearance. Recommended 
finishes were chlorinated rubber and polyure
thane rubber. Epoxy resins were too brittle 
to be used as a suitable fi nishing material. 

In answering questions, Mr Alexander said 
that corrosion was not a problem with fibrous 
ferrocement. Because of the very high crack
ing load, any cracking (if any) was very fine 
and insufficient to cause corrosion. All 
vessels including conventional ships hulls 
were prestressed and this further controlled 
crack formation. 

The cement mortar should have a high pH 
to assist in the prevention of corrosion. and 
for this reason the use of pozzolan was not 
recommended because il reduced alkalinity. 

All barges and ships were designed to ABS 
classifications even if such classification was 
hot obtained. The strengths of mortar ob
tained were in the order of 95 MPa on cylin
ders. 

The operation of constructing these vessels 
was not as Jabour intensive as may have been 
thought, and the material was now being 
investigated for the production of railway 
sleepers using 24 No. 5 mm wires and fibrous 
ferrocement. 

D.P. Barnard of the New Zealand Concrete 
Research Association (NZCRA) presented 
a paper on methods of embankment protec
tion under investigation by NZCRA. 
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According to their findings, the use of EE 
(Enla rged End) fibre eliminated the balling of 
the fibres in the mix which was a problem 
with uniform thickness fibres. If necessary 
the cement content could have been reduced 
by using fly ash but this would probably have 
been more expensive. 

The mortar was placed using a standard 
mortar pump and while being very cohesive 
it was easy to work. Slump was not a good 
method of test fo r the material which required 
experience to judge consistency. 

Tt was found that when placed on co areas 
which were dry the adhesion was very good, 
but not so in wet areas. 

Accurate cost information was difficult lo 
prepare due to the varying value of the dollar. 
but was approximately as set out below: 
18 mm EE fibre cost$ 955/ tonne FIS. Price 
to mortar supplier : 

say $ 1200/ tone at 75 kg/ m3 
plus handling 

90.00 
5.00 

$ 95.00 /m3 

Therefore extra cost per square metre of 
surface 

(50 mm thickness) = s 4.75 

Against this the following economies had to 
be evaluated: 

J. no mesh required 
2. no fixing of mesh 

3. less material used due to contours of 
subgrade being followed. 

The suggested quantity of75 kg of fibre per 
cubic metre was required to make the sprayed 
concrete stick, and a reduction in quantity 
could not be recommended even though 
strengths were high. 

Mr Barnard then briefly covered test work 
on the use of no-fines concrete to protect the 
base of cuttings on roadways. 

This was based on an 8: I mix of 20 mm 
aggregate and cement placed using a mesh 
shutter. The top surface was plastered to 
prevent water penetration, and the finished 
bank could be sprayed with soil a nd grass 
seed to blend the protection into the surroun
ding country. 

Problems of using butynol sheets to protect 
embankments in water reservoirs was also 
briefly covered. Saturated berms moved 
under the sheets due to wave action resulting 
in failure of the ground . The construction of 
such reservoirs was not just a matter of dig
ging a hole and lining it with butynol. Cement 
stabilised granular fill 150 mm thick should be 
used on the slopes with adequate provision 
for drainage being provided. 

( Exrerprs }i'om "NZCS Conferenre - State
of-the-Art Review" New Zealand Concrete 
Construction, Decnnber 1981). 

Remodelling a Ferrocement Boat 

Mr. G. Kenyon, proprietor of the firm 
Ferrocement Constructions, purchased a used 
ferrocement boat with the intent to use it as a 
fishing vessel. Altair, the ferrocement boat, 
was a Hartley South Seas design with a n 
overall length of 37 ft 9 in. (11.5 m) (Fig. I). 
There is no transverse skeletal steel in this 
design although the vessel is framed. 

Fig. I. The ALTAlR ready for repair. 
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Mr. Kenyon decided to make some altera
tions in order to make the vessel more suitable 
for commercial fishing. He shortened the 
overall length to 35 ft ( 10.70 m) by cutting off 
10 in. (254 mm) from the bow and I ft 11 in. 
(0.58 m) from the transom. Fig. 2 shows the 
old bow being broken away while Fig. 3 shows 
an employee using sledge hammer to remove 
the transom. Fig. 4 shows the vessel with 
transom removed. 

Fig. 2. The bow being broken away. 

Fig. 3. Using sledge hammer to remove transom. 

Fig. 4. The stern ready for repair. 

Fig. 5. cw bow being wired up. 

Fig. 6. Transom wired up prior to plastering. 

Figs. 5 and 6 show the reinforcement for the 
bow and stern respectively prior to plastering. 
T he result was a transom ideal for access to 
the water (Fig. 7) and a bow (Fig. 8) better 
suited for a power capstan. This work is a 
simple illustration of the ease with which 
ferroc.ement can be repaired. 

Fig. 7. The Lone Gui/at launching showing the new 
stern. 
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Fig. 8. The new bow of Lone G1tfl. 

( Reporred by Dr. G.L. Bowen, New Zealand 

correspo11de111 of rhe Journal of Ferrocement) . 

SENEGAL 

Agricultural Training Centre 

The ce ntre , completed in 1977. is a prototy

pical series of buildings based on a relatively 

simple structural system of solid load bearing 

sand and cement block walls, parallel to one 

another and supporting short spa n barrel 

vaults. T he vau lts, whose thickness at the 

crown is only a little over 38 mm, were formed 

using three layers of cement mortar stabilised 

with wire mesh a t the top of the vault. 

As shown, prounded lywood struts wer:i 

used to suppon the shuttering of millet 

matting. The walls are either pierced by large 

arches, or solid with buttresses to counteract 

the hor izontal thrust of the vault. The client 

was the Ministry of Education; the sponsor, 

Frere P icard of CARITAS ; and the 

architects, UNESCO/ BR EDA. 

(Excerpt from The Indian Concrete Journal, 

Vol. 55, No. 10, October 198 1). 

Schematic diagram of barrel vaults, Naining, Senegal 

S RI LANKA 

Self-help in the S hantie 

The squatter settlements which grow up 

around la rge cities such as Colombo contain 

some of the poorest and most socially dis-
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turbcd of all communities. The US Save the 
Children Federation was looking for a new 

approach LO the multiple problems of the 
shanty settlement; problems such as poverty, 
ill health and crime. 

The ideal objective was to turn what were 
essentially non-durable structures made up of 
largely degradable materials into more per
manent dwelling houses. Key structura l and 
cladding elements would. therefore, have to 
withstand the wear and tear of the climate and 
biological and physical degradation. 

The almost entire absence of building craft 
skills from the shanty community was a 
major influencing factor in the choice of 
building materials and techniques. 

Experiments have been conducted to try to 
make an existing mod block wall more dura
ble. ln the existing wall the non-stabilised 
mud blocks reach right down to grouml level. 
A damp proof cour~c was inserted about nine 
inches abo.ve ground level and a barrier step 
or burnt bricks erected from the ground up to 
the damp proof course. The whole wall was 
then treated with white wood ad hesive and 
stability is achieved by the use of fibre 
reinforced cement plaster. 

Production workers operate with minimal 
supervision once they a rc conversant with 
their equipment and the production methods 
have reach maximum output within a few 
months. Jt is normally possible to train fibre
reinforced-sheet production reams within ten 
days whilst brickmaking can be learned 
within one week. 

The target for the construction of houses 
ha& risen to ten per m0rtth and the production 
of roof sheets rise from 15 sheets per day in 
December 1979 to 25 sheets by March 1980. 

( Condensed jrom ALASTA IR GUJLD "Se{f 
help in t/1e Slla11111·.\"·, Asian Building & Co11-
struct iv11 , September ICJ81 J· 

1ANZAN IA 

Ferrocemcnt for Danish Volunteers 

The Danish Volunteer Training Centre 
was established in Tanzania mainly 10 provide 
Danish Volunteers working in Africa with the 
necessary language skills and an understan
ding of problems related to deve lopment to 
be a ble to perform their jobs effectively. 
Currently, 120 Danish Volunteers are trained 
each year prior to their con tracts of service in 
Kenya, Tanzania, Zambia, Botswana, Leso
tho a nd Mozambique. A number of volun
teers from other countries also attend the 
courses. The tra ining is conducted by Oanish 
experts and development workers from other 
organization. 

All volunteer course participants are given 
brief introduction in appropriate technology 
(AT). These introduction~ are usually done 
in the field. The trainees are introduced to the 
subject by project visits and discussions with 
experts, technicians and development workers. 
Besides learning of the economic justification 
for AT as opposed to western-style indus
trialization, there were specific tliscussions 
and project demonstrations of more efficient 
wood stoves, gassificarion from partial com
bustion, solar water heating. windmills and 
biogas, including ferrocement. 

In 1981, about 25 trarnecs elected to parti
cipate in the on-goi ng alternative energy 
project- the design and construction of a 
biogas digester. So far the most notable 
success is that volunteers who have worked 
with biogas are now integrating biogas into 
1heir projects in Kenya and Zambia. 

(/11for111atio11from Mr. Roger Mann, .Develop
ment Studif!s, Danislt V11 /1111teer Training 
Ct'nfre). 

THA ILA ND 

An El·aluation Report 

In 1978. a training program on fe rrocement 
technology for Indonesia n was conducted by 
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the Division of Structural Engineering and 
Construction, Asian Institute of Technology 
and sponsored by USAID. The training 
consisted of lectures, laboratory experiments, 
field demonstration projects and field trips. 

Last June 1981, tbe Division of Structural 
Engineering and Constructon conducted a 
ferrocement field evaluation survey in diJfe
rent parts of Jndonesia. The evaluation team 
of Dr. Pichai Nimityongskul and Mr. Chalat 
Choeypunt visited the following: Mr. Maasri 
Sutan Bandaro and Mr. Bustans Husin of 
University of Syiah Kuala; Mr. Arifin Taber 
and Mr. fskandar of the Indonesian Road 
Research Institute; Mr. Syarifuddin Harahap 
of the University of North Sumatra; Mr. 
Muhammad Amen Hayat and Mr. John 
Biring Manga of Hasanuddin University; 
Mr. Anshori Djausal of the Institut Teknologi 
Bandung and Mr. Winarto of Yayasan Dian 
Desa, Appropriate Technology Group, Yog
yakarta. The participants affiliated to institu
tions which are associated with some funding 
organizations have been actively and exten
sively working on both the introduction and 
dissemination of ferrocement technology. 
The participants have confirmed that the 
knowledge gained during the training course 
has enabled them to carry out ferrocement 
projects with confidence. Moreover, they 
have been conducting training for local 
engineers and technicians in their region. 

Fig. l. Ferroccmcnt pontoon ferry carrying a truck: 
across a river in Sukabumi. 
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The evaluation report entitled: "Ferroce
ment Field Evaluation Survey in Indonesia, A11 
E11aluatio11 Report" by Pichai Nimityongskul, 
Chalat Choeypunt and Pisidhi Karasudbi 
was submitted by the Division to the Develop
ment Technology Center, Institut Teknoligi 
Bandung and USAJD/Jndonesia. 

Figs. 1-20 show some of the projects under
taken by the participants. 

Fig. 2. Ferroccmcnl bus shade in Bandung. 

Fig. 3. Ferroccment minaret in Bandung. 
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Fig. 4. Foot bridge reinforced with bamboo and 
chicken wire mesh in 13uniwangi. 

Fig. 5. Ferrocement mural in Jakarta. 

Fig. 6. Ferrocement channel for irrigation purpose. 

Fig. 7. Water supply system for villagers in 
Buniwangi. 

Fig. 8. Two-story ferrocement house in North 
Sumatra. 

Fig. 9. Ferrocement house in Tapak Tuan. 
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Fig. 10. Ferrocement shophouses in Banda Acch. 
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Fig. 13. Ferrocement slide for the Children's 
playground in Banda Acch. 

Pig. 11. Ferrocement mosque domes in Banda Aceh. Fig. 14. Ferrocement terrace in Banda Aceh. 

Pig. 12. Ferrocement shell roof for ship garage. Fig. 15. Reinforcement for a ferrocement table and 
a fcrrocement bench in University Syiah 
Kuala. 
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Fig. 16. Ferrocement benches in South Sulawesi. 

Fig. I 7. Ferrocement wall in Banda Aceh. 

Fig. 18. Reinforcement for the ferroccment wall 
in the University of Syiah Kuala. 

Fig. 19. Flowers pots with bamboo mesh in South 
Sulawesi. 

Fig. 20. Ferroccment bins used in the coffee-making 
process. 

Ferrocement for a Temple 

Wauranee Thammagayaram Temple, in 
Klongluang, Pathum Thani, Thailand is a 
Buddhist meditation center. All structures in 
this temple of nine monks were constructed 
from donations. To enable the construction 
of more structures for the same amount of 
money, Pra Phubate Sharaphinyo ·and Pra 
Chitchai Mahachito, who are civil engineers 
considered ferrocement as a construction 
material. 

Using the book Ferroce111e11t by Paul and 
Pama as the only reference material, the two 
monks designed and constructed out of 
ferrocement two rainwater collectors, two 
sinks, solar water heater and four pavement 
panels. 
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Two- 1 m3 rainwater collectors were con
structed to meet the daily needs of the monks. 
The unique shape selected for the tank (Fig. J) 
was based on the design of the residential 
units of the monks (Fig. 2). The 7m x 7m 
cement tile roof served as catchment area. 
The water from the roof flows through a 
stainless steel downspout (Fig. 3) connected 
to a plastic hose (Fig. 4). After the initial 
downpour, when clear water flows through the 
hose, the hose is put-in-place (Fig. 5). The 
two tanks are conected by a pipe so that there 
is always equal amount of water in both. 
Water can be drawn from the water tap 
attached (Figs. I and 5). 

060 

1 
010 I 

1 
0 .20 

1.20 

Fig. I. 

Fig, 2. 
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Fig. 3. 

Fig. 4. 

Fig. S. 
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The reinforcement cage was constructed 
from 9 mm diameter steel rods at 0.40 m grid 
and one layer of square wire mesh on each 
side of the skeletal steel. The bottom rein
forcement was cast on to the reinforced 
concrete stub column with starting mesh and 
steel bars. Wood forms were used on both 

sides and mortar with 3:5 cement-sand ratio 
was placed between the forms. This resulted 
in a very neat workmanship for the 40 mm 
thick wall. 

The water tank were complemented with 
two ferrocement sinks (Fig. 6). The sink is 
supported by galvanized iron pipes that also 
serve as drains. The design of the sink was 
based on the stainless steel sink available 
commercially (Fig. 7). 

Fig. 6. 

050 

Fig. 7. 

The monks also devised a simple method of 
heating water for daily use. A ferrocement 
rectangular container (Figs. 8-9) is filled with 
water. This is covered with glass and exposed 
to the sun (Fig. I 0). 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Four panels of the existing concrete pave
ment leading to the temple were damaged, 
Pra Chitchai used ferrocement pavement 
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panels, 30 mm thick, for replacement. lnspite 
of the construction Jorry regularly using this 
roadway, the ferrocement pavement panels 
have not exhibited any cracks after almost a 
year of use (Fig. 11). 

Fig. 11. 

Ferrocement Lotus 

The fountain in the pond of the Asian 

Fig. I. The ferrocemcnt lotus fountain. 

Institute of Technology (AIT) was given a 
new base- a lotus flower (Fig. I). The lotus 
Oower was constructed in ferrocement by 
Mr. Surin Wonghoon, a fcrrocemcnt techni
cian in the Division of Structural Engineering 
and Construction of A IT. The lotus was 
constructed in the laboratory (Figs. 2 and 3) 
and mounted to the original base (Fig. 4). 

Fig. 2. The reinforcement under construction. 

Fig. 3. The completed ferrocement lotus ready for 
transport. 

Fig. 4. The fcrrocement lotus mounted to the 
original base. 
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Dr. Pisidhi Karasudhi and Mr. Chalat 
Choeypunt of the Division of Structural 
Engineering and Construction provided the 
structural design for the ferrocement lotus 
designed by Mr. Kriengkrai Pbimolmas, 
AIT Project Architect. The fountain and the 
ferrocement lotus were donated by the AlT 
Alumni Association, Thailand Chapter. 

UN ITED KINGDOM 

Ferrocement Sculpture 

This sculpture constructed in fe rroccment 
by Raymond Myerscough - Walker, a carto
grapher, sculptor and artist from Chichester 
was in fact fo rmed from a square sheet cut 
and twisted to this complex looking shape. 

This, along with others, was commissioned 
by retired builder and property developer, 
Charles Kearley, fo r his country house near 
Goodwood, Sussex. 

( Reprinted from Concrete Vol. 15, No. JO, 
October I 981) . 

U.S.A. 

Underwater Fast Setting Cement 

Hydro Stop is a patented new formulation 
of hyd raulic cement. It creates no heat 
generation during the curing cycle and, 
therefore, is ideal for underwater work or 
where large amounts of hydraulic material 
are necessary. Hydro Stop stops leaks in 
concrete or masonry instantly. Although it 
reaches an initial set in 3-5 minutes it can be 
shaved and shaped for up to one hour after 
mixing. 

Hydro Stop is used for repairing disinte
grated concrete in dams, piers, tanks, water
ways, pilings, abuttments, water and sewage 
mains, catch basins and manholes, bridges, 
etc. It is easy and fast to mix with fresh or 
salt water. It will adhere to concrete, masonry 
and in some cases steel and wood . l t contains 
no calcium chloride. l/ydro Stop will set in 
five minutes under-water. 

Hydro S top is a product of Tamms Indus
tries Co., Jllinois, U.S.A. 

Worldwide Fibrous Concrete Projects 

This summary article condenses a detailed 
report which describes I J 2 fibrous concrete 
projects and applications throughout the 
world. It includes descriptions of construction 
procedures, mix proportions and properties 
for both steel fibrous concrete and glass fiber 
reinforced concrete. 

ACI Committee 544 members believe that 
the report will be useful to their assigned 
mission: " to review, correlate and encourage 
research and development work on the 
behavior and application of concrete rein
forced with short, randomly dispersed 
fibers". 

Data in a number of projects are briefly 
described below: 

·Parking garage - Heathrow Airport
first structural use of fibrous concrete. 
Tbe st ructure is 15 m wide by 134 m 
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long. made up of I.Im square by 64 mm 
thick panels of steel fibrous concrete. 
After 5 years the slab show no sign of 
cracks. There is some surface rusting 
apparent on the underside of the slab. 

· Spillway deflectors - Snake River Dam. 
The spillway deflectors ("flip-lips .. ) were 
constructed with about 380 mm to 
450 mm steel fibrous concrete topped 
to resist cavitation and erosion impact. 
Inspection after two seasons of major 
spillage revealed no visible damage o r 
erosion. 

·Airfield paving - Las Vegas Airport. 
In 1976 at McCarran International 
Airport, las Vegas, an existing asphaltic 
- paved aircraft parking area of 52 700 
m2 was overlaid with 150 mm of steel 
fibrou:, concrete. Performance of the 
overlay was considered excellent. A" a 
re:.ult, airport authorities authorizc<l in 
1979 the paving of a newly con:.tructcd 
base of asphalt on an aggregate founda
tion with I 75 mm thick steel fibrous 
concrete. 

• Rock slope stabilization - Steel fibrous 
shotcrete. 
Two large areas of rock slope stabiliza
cion are reported. one in Brofjorden, 
Sweden and the other at a railroad cut 
along the Snake River io the State of 
Washington. The job in Sweden placed 
4 500 m2 of steel fibrous shotcrete con
taining fibe rs at 55 kg/ m3 whereas the 
Snake Ri ver job placed a larger amoun r 
to an area of 5 770 m2. After 2~ years, 
the condition is described as excellent 
with only three hai.rline cracks in the 
472 m length. 

·Mine cribbing- Sunnyside Mine, Utah, 
U.S.A. 
A novel trial use of steel fibrous concrete 
was made with cribbing members in
stalled by the U.S. Bureau of Mines in a 
coal mine near Salt Lake City. The 
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cribbing members, 800 pieces in all, were 
designed to crush slowly and thus utilize 
the high ductility of fibrous concrete 
while supporting a mine room that is 
slowly subsiding. 

·Glass fiber reinforced cement (G FRC) 
building panel. 
Several projects are reported for building 
wall panel con trueted of glass fiber 
reinforced cement (GFRC) made by the 
··spray up" process. The panels, which 
provide a light weight, attractive exterior 
to the building are only 9.5 mm thick. 
Some of the panels were made for build
ings in Rosewillc. Minnesota; Ancho
rage, Alaska; Houston, Texas and San 
Francisco, California. 

·Glass fiber reinforced concrete (GRC) 
placements. 
At Rossford, Ohio, a railroad cro sing 
was repaired with a GRC mix using 27 
kg/ml of akali-resistant glas:- fibers. In 
another GRC placement, an industrial 
floor was placed in Newark, Ohio, using 
24 kgof25 mm fiber per m3. The reason 
for using GRC was to reduce shrinkage 
cracking and allow an increase in joint 
spacing. 

· Storage tanks for water, oil, and wine 
were built of steel fibrous concrete 
in Bologna, Italy. Wall thickness was 
70 mm with J50 mm deep ribs. 

· A precaster in Slough. England, manu
factures a steel fibrous concrete manhole 
cover and frame called the Wexham 
manhole cover. Units are ·hydraulically 
pressed with a 400 metric ton force. 

. Both glass fiber and steel fiber reinforced 
concretes were extruded through a 
stationary die at the University of Miami, 
Florida. Asbestos was added as a lubri
cant to assist rhe extrusion process. 

• Steel fibrous concrete was used to im
prove shear strength of the roof on a 
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nuclear reactor building in Dounreay. 
Scotland. Deformed steel wire fibers 
0.50 x 40 mm were used . 

• Machine tool frames were made of steel 
fibrous concrete to imp.rove delivery 
time over frames made of cast iron. 
Zagar, Joe., Cleveland, Ohio, reported 
that the frames had better sound and 
vibration dampening properties than 
cast iron and the finished machines were 
quieter. 

·Several tunnel linings and lining repair 
projects in Japan and the U.S. using 
steel fibrous shotcrete are described. The 
first underground use of steel fibrous 
sbotcrete in the U.S. was by the Corps of 
Engineers in a 1.8 x 2.4 x 12 m long 
tunnel adit at Ririe Dam, Idaho. The 
76 mm thick liner was used to maintain 
the tunnel's integrity during a blasting 
operation. 

• Bri,tish Rail Authority uses steel fibrous 
shotcrete to repair deteriorating brick 
a rches under its railway bridges near 
Birmingham, England. It is applied up 
to 152 mm thick directly to the brick. It 
is also used to repair some deteriorating 
railroad tunnel linings. T he elimination 
of mesh reduces costs and eliminates 
scaffolding so the rail traffic does not 
have to be interrupted. 

• Precast, stay-in-place forms of steel 
fibrous concrete were used to form the 
underside of a bridge deck near Rose
burg, Oregon in 1975. The thin slabs, 
19 mm thick x 0.6 m x 1.2 m were 
supported on ledges cast into the top 
flange of T-beams. One layer of 

25 x 25 mm galvanized wire mesh was 
included to improve the safety factor 
against failure. 

• Other projects described include airport 
paving at the John F . Kennedy and other 
airports, aircraft parking slabs at Port
land International Airport, forge furnace 
doors using refractory concrete and 
stainless steel fibers, insulating column 
covers using glass fibers in the spray up 
process, expansion joint dams or nosings 
for resu rfaced bridge decks to resist 
studded tire wear, bridge deck overlays. 
highway overlays, stilling basins for 
dams, shotcreted houses, and tilt-up wall 
construction. 

( Condensed from HENAG ER. C.H. "World
wide Fibrous Concrete Projects", ConcretP 
lntemationo/, September 1981) . 

WESTER N SAMOA 

Ferrocement Tanks for W. Samoa 

Ferrocement rainwater tanks have been 
found to be a successfu l means of storing 
collected rainwater in We&tern Samoa as a 
result of work carried out as part of the Gov
ernment's Rural Development Programme. 

The UN Capital Development Fund asked 
New Zealand specialist ENEX Public Health 
Consultants (EPHC) to advise on the feasibi
lity of such a rainwater collection programme 
in a number of villages. 

( Reprinted from World Water. October 1981. 
News item sent by Dr. G.L. Bowen. New 
Zealand correspondent of the Joumal of Ferro
cement) , 
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CALL FOR PAPERS 

Housing is one of humanity's basic needs. 
The provision of decent shelter in a healthy 
environment remain as one of the major 
concerns of all nations, developed as well as 
developing countries. There is an urgent 
need for a breakthrough in housing construc
tion through the introduction of such tech
niques as prefabrication. Prefabrication 
connotes that a structure is assembled in 
total or in part from factory or site-made 
components. 

The use of ferrocement and prefabrication 
in building construction offers numerous 
advantages such as: elements are light hence 
can be erected manually or with light equip
ments; simple and rapid erection; durability ; 
easy maintenance and the technique of con
struction could be one with labor intensive 
having part mechanization, factory-prefabri
cated or site-prefabricated whichever will 
achieve better economies. 

A great number of ferrocement experts 
have directed their efforts towards improving 
design with local materials, introducing 

}OURNAL OF 
FERROCEMENT 
JANUARY 1983 

• S,1dll lsw • 

advanced techniques and innovations to suit 
the society. I FIC is convinced that prefabrica
tion technique in ferrocement construction is 
a solution to solve housing problem and aims 
to provide the opportunity for international 
dissemination of developments through the 
Journal of Ferrocement Special Issue on Pre
fabricated Ferroceme111 Housing. 

SUGGESTED TOPICS 

. innovative Applications. 

. Innovative material: mechanical pro
perties and performance. 

· Detailed construction information. 
• Research and developments. 

DEADLINES 

Submission of completed manuscripts: 
June I, 1981 

Notification of fin;il acceptance: October 
J, 1982 
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IFIC Consultants are individuals who are willing to entertain referral letters from IFIC 
on their field of expertise. 

R ESEARC H, DEVELOPMENT and DESIGN 

Dr. B.S. Basavarajaiah 
Professor and Head 
Dept. of Civil Engineering 
Karnataka Regional Engineering College 
Surathkul, P .O . Srinivasnagar 574 157 
India 

Dr. J .F. de Bock 
P .O. Box 50154 
Porirua 
New Zealand 

Mr. V. Debeuckclaere 
Product Manager , 
Building Products 
N.V. BeKaert, B8550 Zwevegem 
Belgium 

Mr. Anshori Djausal 
O TC - lTB, P.O. Box 276 
Bandung 
Indonesia 

Dr. Ripley D. Fox 
La Roquette 
34190 St., Bauzille de Potois 
France 

Mr. Michael Edward Freddie 
T he R oyal Danish Academy of Fine Arts 
The School of Architecture 

Institute of Building Science 
Koagens Nytorv I 
D K 1050 Copenhagen K 
Denmark 

Dr. Grabowski Jan 
Stupecka 7m35 
02-309 Warszawa 
Poland 

Dr. Jaiio Bento Hanai 
Av. das Azaleas, 456 
13560 Silo Carlos - SP 
Brazil 

Mr. Kazi Ata-ul Haque 
H ousing & Building Research Institute 
Darus - Salam Mirpur 
Dacca, Bangladesh 

Dr. Nilyardi Kahar 
Research Scientist and Assistant Director 
for Scientific Affairs 
Lembaga Fisika Nasional-LTPl 
JI. Cisita - Kompleks UPI 
Bandung, Indonesia 

Dr. Surcndra Kumar Kaushik 
Civil Engineering Department 
University of Roorkee 
Rookee 2776 72 
India 
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Mr. Ron rnn Kcrkvoordcn 
Water Supply Engineer 
DHV Consulting Engineers 
Rural Water Supply Project 
West Java (Indonesia) 
P.O. Box 59. Bandung 
Indonesia 

M r. M uhammad Misbahuddio Khan 
Housing & Building Re~earch Institute 
Darus-Salam Mirpur 
Dacca, Bangladesh 

Ms. Kerstin Kohkr 
Architect/ Designer 
John Ericssonsga1an 4 
11 2 22 Stockholm 
Sweden 

Mr. M ichael H enry Leacb 
Partner - East African Practice of Consulting 
Engineers 
MBEGA MELVIN Consulting Engineers 
P.O. Box 425, Anisha 
Tanzama, East Africa 

M r. Huj-Xiang Li 
Research Jostitute of Cement Products 
Soochow. China 

Dr. Aodrzej MacKfowicz 
BonifratersKa 10 8/ 54 
00213 Warszawa 
Poland 

Dr. J ohn Lindsay Meck 
Reader, Civil Engineering Department 
University of Queensland 
Brisbane, Queensland 
Australia 

Dr. Antoine E. Naaman 
Professor, Materials Engineering Department 
University of lllinois at Chicago Circle 
P.O. Box 4348, Chicago llli.no1~ 60680 
U.S.A. 

Mr. Charles Nakau 
Research Engineer 
Appropriate Technology Development In
stitute, P.O. Rox 793. Lae, 
Morobe Province 
Papua New Guinea 

Dr. Pichai imit)•ongskul 
Associate Professor 
Division of Structural Engineering and 
Construction 
Asian Tnstilute of Tech nology 
P.O. Box 2754 
Ba ngkokT Thaila nd 

Or. Yoshihiko Obama 
Associa te Professor 
College of Engineering 
Nihon University 
Koriya rna, Fukushima 
Japan 

Dr. P. Paramasham 
Associate Professor 
Department of Civil Engineering 
National University of Singapore 
Kent Ridge 
Singapore 6511 

Mr. Caspar L.P.M. Pompe 
Rural Wate r Supply West Jawa 
Project OT A 33/ E-7 
Trornol Pos 59 
Bandung, Jndonesia 

Dr. K. Ra~·indran 

Fishing Craft Materials 
Central I nslitute of Fisherie Technology 
Cochin 682029 
Jndia 

Dr. Michal Sando" icz 
Ferrocement Research Laboratory 
WarsK.iego 25, 02-645 
Warsaw, Poland 
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Mr. Raj Dass Shrestha 
Associate Research Officer 
Research Cenlre for Applied Science and 
Technology (RECAST) 
Tribhuvan University 
Kirtipur, Nepal 

Mr. J ean Paul Sterck 
Project Manager. Division New Product 
14, Ruitersolreef 
B-8550 Zwevegem 
Belgium 

Mr. Narong Sukapaddnadhi 
Thailand Institute of Scientific and Techno
logical Resea rch (TrSTR) 
196 Phahonyothin Road 
Bangkok, T ha iland 

Mr . A.K.M . Syeed-ul-Haque 
Housing & Building Research Institute 
Darus-Salam, Mirpur, 
Dacca, Bangladesh 

Mr. Jack Thomas 
11 Addison St., Moonee Ponds 
Victor ia 3039 
Australia 

Mr. H.V. Venkata Krishna 
Karnataka Regional Engineering College 
Surathkal (D.K.) Srinivasager 574 157 
Karnataka, India 

Dr. Bernard Ryszard Walkus 
Matachowskiego 80 
90-159 Lodz 
Poland 

Mr. David James Wells 
P.O. Box 410 
Jayapura, frian Jaya 
Indonesia 

Mr. Winarto 
Scientist 
Yayasan Dian Desa Appropriate Technology 
Groups 
P.O. Box 19, Bulaksumar 
Yogyakarta, Indonesia 

Dr. Ronald F. Zollo 
Department of Civll Engineering 
University of Miami 
Coral Gables, Florida 33 124 
U.S.A. 

MA RlNE APPUCATIONS 

Mr. Douglas Alexander 
Principal, 
Alexander and Poore Consulting Engineers 
2 Whitaker Place 
Auckland 7, New Zealand 

Dr. Gary Lee Bowen 
c/o Burton, Pomona R oad 
Kumeu Rd . 1, 
New Zealand 

Mr. Peter E. Ellen 
Director 
Peter Ellen and Associates Ltd. 
17/F HongKong, Macau Bldg. 
156-7 Connaught Rd. 
H ong Kong 

Mr. John. R. Gusler 
Principal, John R. Gusler & Associates 
6893 S Sectionline Rd. 
Delaware, Ohio 

U.S.A. 43015 

Mr. Martin E. Iorns 
1512 Lakewood Drive 
West Sacramento 
CA 95691 , U .S.A. 
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HOUSING APPLI CATIONS 

Mr. Denis Backhouse 
Griffith University Nathan 4111 
Queensland, Australia 

M r. J ens Overgaard 
EAO, United Nations, H uman Settlements 
Economic and Social Commission for Asia 
and the Pacific (ESCAP) 
Bangkok 2, Thailand 

Mr. V.G. Gokhale 
Chief Executive Officer 
Bombay Chemicals Pvt. ltd. 

CASTONE - Precast Concrete D ivision 
129 Mahatma Gandhi Road 
Bombay 400 023 
India 

M r. J ohn R. Gusler 
Principal, John R . Gusle r & Associates 
6893 S Sectionline Rd. 
Delaware, Ohio 
U.S.A. 43015 
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Tb is is a partial list of ferrocement experts in the current survey conducted by 1 FIC on the 
current status of ferrocement scientists, designers, builders of fcrrocement structures and 
manufacturers of ferrocement materials. The aim is to provide communication and collabora
tion within the field. Entries were received before December 30, 1981. 

Guide to Format 

A. Scientists/Designers-Nine categories of information constitute each bibliographical 
entry for each individual. Each category of information is designated by a number and 
within each category the following format has been employed: 

(I) sex: year of birth ; country of birth: nationality; marital status; mailing address, 
(2) degree, institution; field or discipline, 
(3) current position. organization; (duration) previous position only related to ferro

cement, organization, 
(4) I total number of papers published I ; five latest papers on ferrocement and related 

materials, 
(5) title of current research project, (date of completion) 
(6) name of language followed by A B C or D or all 

A means "ability to deliver lectures and speeches" 
B means "ability to converse with ease" 
C means "ability to conduct a very small group or one-to-one conversation" 
D means "ability to use written materials for research in his own field", 

(7) IFIC Consultant; IFIC Resource Speaker, 
(8) awards, 
(9) structures completed. 

B. Builders/Manufacturers-Seven categories of information constitute each entry for each 
organization. Each category of information is designated by a number and within each 
category the following format has been employed: 

(1) address; telephone number; telex number ; cable address; contact person. 
(2) classification of organization; year of establishment; geographical coverage; location 

or production plants in operation, 
(3) scope of activities, 
(4) description of structures/product, 
(5) mechanical properties: advantages; construction method; production system; 

number of structures; location ; date of completion; unit cost, 
(6) patent and license situation. 
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SCIENTISTS/ DESIGNERS 

BACKHOUSE, Denis 

{1) M ; 1946; Great Britain ; British ; m; Griffith University Nathan 4111 , Queensland, 
Australia 

(2) B.Sc., Griffith University, Aus1ralia; Post-Gradua te Student, School of Science, Griffith 
University. Austra lia 

(3) Builder of Ferrocement D ome H ousing 
(4) [3] 
(5) Capital and energy costs of buildings (1982) 
(6) English ABCD 
(7) IFIC Consultant 
(9) Two ferrocement domes - 12 m diameter, 6 m high and 18 m diameter, 6 m high 

BOCK, J .f. de 

(I) M : 1947 ; Netherlands; Dutch; m; P.O . Box 50156, Porirua (New Zealand Concrete 
Resea rch Associa tion) New Zealand 

(2) B.Sc. ; M.Sc. ; Ph.D. ; Geology 
(3) Re~arch Officer, New Zealand Research Association 
( 4) [4] 
(5) Ferrocement applications for South Pacific region: Coral aggregates of South Pacific 

region and their applications; concrete admixtures; concrete aggregates 
(6) English ABCD; Dutch ABCO : French CD; German CD; Spanish D ; Italian D 
(7) lFIC Consultant; IFIC Resource Speaker 

BOWEN, Gary Lee 

(I) M; 1942; USA ; American; m; c/o Burton, Pomona Road. Kumeu Rd. I, New Zealand 
(2) B.Sc., University of Alaska , USA ; M.Sc., Stanford Universi ty, USA ; Ph.D ., University 

of Minnesota, USA ; Engineering 
(3) Senior Waler Resources Engineer, Tonkin & Taylor Consulting Engineers, Auckland, 

New Zealand: ( 1970 - 1978) Universily of Auckland ; ( 1976 - 1979) Director, New Zealand 
Ferrocement Services; (1972 - 1977) Secretary, New Zealand Ferrocement Marine Asso
ciation 

(4) [26] "Ferrocement Slope Protection" Journal of Ferrocement, Vol. 12. No. I, January 1982 

"Some Additional Uses of Water Miscible Epoxies in Ferrocement" Journal of 
Ferrocement, Vol. 11, No. 4, October 1981 
"A Wire Fiber Reinforced Mortar Stove" Journal of Ferrocement, Vol. 11 , No. 2, 
April 1981 

" Boat Beyond Repair ' ' Journal of Ferrocement, Vol. 11, No. 2, April 1981 

" Sealing of Reinforced Concrete Penetrations with Ferrocement" Jou rnal of Ferro
cemeot, Vol. 11 , No. 2, April 1981 

(5) Examination of ferrocement for aqueducts and canal linings; Examination of a crack 
resistant stacking ferrocement water tank 

(6) English ABCD; French D ; German D 
(7) IFIC Consultant : IFIC Resource Speaker 
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DJAUSAL, Ansbori 

(J) M ; 1952; Indonesia : Indonesian: m; DTC-ITB, P.O. Box 276, Bandung. Indonesia 
(2) BSCE, Institute of Technology, Bandung, Indonesia; Civil £11gi11eeri11g 
(3) Sub-team Leader, Ferrocement Development Project, Development Technology Center, 

institute of Technology Bandung, Indonesia; ( 1977-1978) Ferrocement Project Staff 
(4) [IO] "Fibre Cement Pipe" OTC-ITB (In Indonesian) 

''Ferrocement, History and Application"' DTC- lTB. (In Indonesian) 

" Fibre Cement Roof Sheet" A manual, DTC-ITB, (ln Indonesian) 

"Ferrocement Technology in Jndonesia", OWIC, Singapore (In English) 
(6) English ABCD; Indonesian ABCD 
(7) IFIC Consultant ; IFIC Resource Speaker 
(9) Ferrocement Canoe 1978; Bamboo Cement Bridge 1979; Fibre Cement Pipe 1979; Ferro

cement Pontoon Ferry 1980; Ferrocement Dome 1981 ; Ferroccment Ghotic Vault 1981. 

F O X, Ripley, D. 

(1) M ; 1920; USA: American; m; La Roquette, 34190 St. Bauzille de Putois, France 
(2) BA, Pomona College, UCLA ; Ph.D., University of Strasbourg; Microbiology 
(3) D irector, Laboratoire de la Roquette 
(4) [5] "The Karla High-Temperature Prototype D igester' ' Laboratorie de la Roquette 
(5) Integrated Village Heath and Energy Systems - experiments underway at Karla. India, 

Ronkh, Senegal and Farende, Togo; Effect of electrical potential on algal growth 
(6) English A BCD ; French CD 
(7) JFIC Consultant 

F RE DDIE, Michael Edward 

( I) M ; 1946; Denmark ; Danish; m; The Royal Danish Academy of Fine Arts, The School of 
Architecture, Institute of Building Science, Koagens Nytorv I. DK 1050 Copenhagen K, 
Denmark 

(2) Bricklayer ; the High School of Building Technic: The Royal Danish Academy of Fine 
Arts, The School of Architecture 

(3) Researcher, Architect m.a.a., The Royal Danish Academy of Fine Arts 
(4) (7] 
(5) Development of fe rrocement building components 
(6) Danish ABCD ; Norwegian ABCD; Swedish ABCD; English BCD ; German CD 
(7) IFIC Consultant; IFIC Resource Speaker 

GRABOWSKI, Jan 

( l) M ; 1944; Poland ; Polish ; s; Stupecka 7m35, 02-309 Warszawa, Poland 
(2) MSc., Technical University of Warsaw, Poland; Ph.D., Technical University of' Warsaw 

Poland ; Civil Engineering, Theory of Structures 
(3) Associate Professor, Technical University of Warsaw, Poland 
(4) (11 ] "T he Properties of Composite Columns Made of Ferrocement Pipes Filled Up with 

Concrete, Tested in Axial and Eccentric Compression'· (co·author) Proceedings of 
the International Symposium on Ferrocement, Italy, July 1981 
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''Investigations of Eccen1rically Loaded ~·errocement Pipes Filled with Concrete" 
Tnz.i. Bud. No . 8, 1978 

"Physic<il and Mechanical Properties of Ferrocement io Axial Compression" Prefa
bricated T hin-Walled Elements and Building Constructions Part J, Poland, 1974 

.. Mechanical Properties of Ferrocement in the Light of Foreign Research Work~" 
Jnz.i. Bud. No. 4, 1974 

''Statical Analysis of Underground Ferrocemcnt Tank for Liquid Fuels' ' (co-author) 
l nz.i. Bud. No. 4, 1974 

(5) lmpact resistance of fe rrocemcnt (1982) 
(6) English ABCD; Russian BCD; Polish ABCD 
(7) JFJC Consultant ; CFJC Resource Speaker 

HAGENBACH, Thomas Macdonald 

(I) M : 1910; U.K., British; widower ; The Manor House, WROXHAM, Norwich, U.K . 
(2) B.A., Cambridge University ; M.A., Cambridge University 
(3) Chairman, Wind boats Ltd; Chairman, SEA CRETE Ltd; ( 1946-1980) Managing Director, 

Wiodboats Ltd. ; (1960-1980) Managing Director, SEACRETE Ltd. . 
(4) "Fcrrocement Boats" Interna tional Convention on Fishing Boats, Montreal Canada, 1968 
(6) English A B; French AB ; G erman C 

HANAI, Joiio Bento 

(I) M ; 1949; Brazil; Brazilian; m; Av. das Azaleas, 456, 13560 Sfo Carlos - SP, Brazil 
(2) Civil Engineer, Master in Structural Engineering, Doctor in Structural Engineering, Sao 

Paulo University, Braz.ii ; Srructural engineering 
(3) Professor, Universidade Federal de Silo Carlos, Brazil ; Assistant Professor and Labora

tory Director, Escola de Engenharia de Sao Carlos, Universidad de Sao Paulo - Brazil 
(4) (7J "Undulated Wall Reservoirs" (in Portuguese) M .S. Thesis, Sao Paulo University, 

Brazil, 1977 

"ferrocemenl: Situation, Perspective and Research Needs'' (in Portuguese) Doctoral 
Dissertation, Sao Paulo University, Brazil, 1981 

'"Ferrocement Structures by the Sao Carlos Group" (co-author), Proceedings of the 
lnternatioaal Symposium on Ferrocement, Bergamo, Italy, July, I 98 l 

CS) Road and pedestrian bridges with precasl ferrocemeot beams (1982); Undulated wall 
reservoirs with precast ferrocement elements ( 1982); Performance characteristics of 
fe rro cement ; General applications of ferrocement 

(6) English CD; French CD; Spanish CD; Portuguese ABCD 
(7) 1FJC Consultant 

HAQUE, Kazi Ata-ul 

{I) M ; 1933; Bangladesh; Bangladeshi; m; Housing & Building Research I nstitute, Daru!l
Salam, Mirpur, Dacca. Bangladesh 

(2) B.Sc. C.E., Bangladesh University of Engineering and Technology, Bangladesh: Research 
(3) D irector, Housing & Building Research Institute 
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(5) Experiments on precast/cast-in-situ water tank, silos, pans and roofing element 
(6) English ABCD 
(7) IFJC Consultant; IFJC Resource Speaker 

JORNS, Martin, E. 

(1) M; 1909; USA; American; m; 1512 Lakewood Drive, West Sacramento, CA 95691, USA 
(2) B.Sc., University of Washington, USA; Graduate Study (3yrs), University of California, 

USA; Sci<?nc£' and Engineering 
(3) Building System Consultants, Ferrocement Laminates; ( 1963-1981) President, Fibcrsteel 

Corporation; (1960-1963) Ferrocement Research and Production 
(4) (23] "Shotcrete Laminating" Proceedings of the International Symposium on Fcrroce

ment, Bergamo, Italy, July, 1981 

"Some Improved Methods for Building Ferrocemcnt Boals" Journal of Ferroce
ment Vol. 10, No. 3, July 1980 

"Cost Reduction and Quality Control in Ferrocement and Marine Concrete" Procee
dings of Concrete Ships and Floating Structures Convention, Thomas Reed Publi
cations Ltd. (Reprinted in the Journal of Ferrocement, Vol. 10, No. 1, January 
1980) 

"Ferrocement - Does This Material Have Real Promise for Commercial Use?" 
The Planimeter, Vol. 30, No. I. Summer 1979 

"Ferrocement Update'' Seaworthy Dreams. Vol. III No. 1, March 1979 
(5) Horizontal flo:.tting slip-form moulding of ferrocment pontoons; Use of strap and high 

tensile wire in conjunction with core materials 
(6) English ABCD; Spanis h D 
(7) I FIC Consultant; IFIC Resource Speaker 

KA lJSlllK, S urendra Kumar 

( I) M; 1944; India; Indian : m; Civil Engineering Department, University of Roorkee, 
Roorkee 247672, lndia 

(2) B. Tech, Indian Institute of Technology (Kanpur), India; Ph.D .. Indian I nstitute of 
Technology (Kharagpur), India; Strucrural engineering 

(3) Reader in Civil Engineering, U niversity of Roorkee 
(4) (20] "Ferrocement Building Elements for Low-Cost Housing" Second Australian Con

ference, Sydney, July 1981 

"Ultimate Strength Behaviou r of Ferroccment Beams" (co-author) Proceedings of 
the £nternational Symposium on Ferrocement, Bergamo. Italy, July 1981 (Reprinted 
Journal of Ferrocement, Vol. 12, No. 1 January 1982) 

"Limit Analysis of Ferrocement Slabs" (co-author) Journal of Ferrocement, Vol. 
11, No. 2, April 1981 

"Flexural Behaviour of Ferrocement Grid Flooring" submitted to the Magazine of 
Concrete Research, London 
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(5) lnvestigations on solid and spaced timber columns (July 1982): limit analysis of fcrroce
ment building elements under flexure (July 1982): Structural characteris1ics of steel 
fibre reinforced concrete (November 1981) 

(6) English ABCD; Hindi ABCD 
(7) JFIC Consultant; IFIC Resource Speaker 

KHAN, Muhammad Misbahuddin 

(I) M: 1955: Bangladesh; Bangladeshi; m: Housing & Building Research lnstitutc. Darus
Salam. Mirpur, Dacca, Bangladesh 

(2) B.Sc. Engg. (Civil}, Bangladesh University of Engineering & Technology, Bangladesh, 
Research 

(3) Research Engineer, Housing & Building Research Institute 
(5) Experiments on precast/cast-in-situ silos, water tanks. pans and rooting elements 
(6) English BCD 
(7) I FIC Consultant. I FIC Resource Speaker 

LI, Hui-Xiang 

(I) M; 1925; People'~ Republic of China; Chinese; m; Resea rch Institute of Cement Pro
ducts, Soochow, China 

(2) Civil Engineering, Qing Hua University: Civil engineering 
(3) Head of Department, Research Institute of Cement Products. Ministry of Building 

Material Industry: { 1965-1971) Research Engineer in charge of the experimental factory 
on ferrocement agricultu ral boats, Resea rch [nstitute of Bu ilding Materials: ( 1957-1964) 
Research Engineer in Resea rch Institute of Building Material engaged in behavior of 
ferrocement and fcrrocemenl boats 

(4) ' 'The Development of Ferrocement Produds for Buikling Construction in China'' Pro-
ceedings of the International Symposium on Ferrocemcnt , Berga mo, Italy, July 1981 

(5) Ferrocement lab and clements applied to multi-story building and rural hou e 
(6) English BCD ; Russian D ; Japanese D ; Chinese ABCD 
(7) IFIC Consultant 

MACKIE Wl CZ, Andrzej 

(I) M ; 1936; Poland; Polish; rn; Bonifraterska IOB/54 00 213 Warszawa, Poland 
(2) Master of Science. Technical University of Warsaw. Poland ; Doctor of Science, Building 

Research Institute. Poland: Cil'il e11gi11eerl11g, Building construction 
(3) Research Scienti I, Building Research Institute - Warsa\\, Poland: ( 1975-1980) Head of 

the Research Group on Ferrocernent 
(4) [25) "New Criteria of Dispersion of M 1cro reinf'orcemcnt in Ferrocement" (co-author) 

Proceedings of the International Symposium on Fcrroccrnent, Jtaly, July 1981 

"Composites as Applied to the Thin-W<illed Structures in Poland" (co-author) LASS 
World Congress on Shell Enclosures, Canada, 1976 and IASS Bulletin No. 64. 
Spain, 1978 

"Rheology of Ferrocement in the Light of Existing Resea rch" (in Polish) Building 
Information Centre, Bulletin No. l / 197 Poland 
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''Strength and Rheological Properties of Ferrocement'' (in Polish) Symposium Tech
nical University of Lodz, Poland, November 1974 

" Ferrocement- Material for Thin-walled Structures" (in French) Ecole Federate 
Polytechnique de Lausanne, Switzerland, October 1973 

(5) Ferrocement application in individual housing, (December J 981) 
(6) Polish A BCD; French ABCD ; English CD; Russian CD 
(7) IFIC Consultant; IFIC Resource Speaker 

POMPE, Caspar L-Odewije Paulus Marie 

(1) M: 1952: The Netherlands; Dutch; m; Rural Water Supply West Java Project, OTA 
33/J-7, Tromol Pos 59, Bandung, Indonesia 

(2) M.Ce., Technical University D elft, Netherlands, Civil engineering 
(3) Assistant Expert, Rural Water Supply West Java Project, Dutch Minfatry of Development 

Corporation; (1973-1980) Member of the Center or Appropriate Technology 
(4) [3) "Vraagkaak'' (Foundation Tool) nr. V-3 

"Ferrocement. un golde aansliniting op plaatselijre techmicken'· (Ferrocement, a 
good condition to local techniques-Dutch) 

"Fcrrocement Applications in the west Java Rural Water Supply Project", (co
aurtbor) Journal of Ferrocement, Vol. 12, No. 1, January 1982 

(6) Dutch ABCD ; English ABCD: French BCD ; German BCD ; Indonesian BCD; 
Portugese D 

(7) lFlC Consultant, IFIC Resource Speaker 

RA VlNDRAN, K. 

( 1) M; 1940: India; Indian: m; Scientist, Fishing Craft Materials, Central Insti tute of Fi herie 
Technology Cochin - 682029. India 

(2) M.Sc., Universiry of Kera la, India: D.Sc., University of Louvain, Belgium; Fishing Craft 
and fishing gear materials 

(3) Scientist, Central Institute of Fisheries Technology, Cochin 682029, India; Deputy Direc-
tor, Marine Products Export Development, Cochin, 682016 India 

(4) (12) 
(5) Protection of fishing crafts against deterioration 
(6) English A B: French CD 
(7) IFIC Consullant; I FJC Resource Speaker 

SA DOWICZ, Michal 

( I) M: 1939: Poland ; Polish; m: Ferrocement Research Laboratory, WarsKiego 25, 02-645 
Warsaw, Poland 

(2) M.Sc., Warsaw Technical University, Poland ; Ph.D., Warsaw Technical University, 
Poland; Civil engineering, Tunnel and bridge building 

(3) Head of Ferrocement Laboratory, Warsaw Technical University 
(4) [28] " The Properties of Composite Columns Made of Ferrocement Pipes Filled Up with 

Concrete, Tested in Axial and Eccentric Compression'' Proceedings of the Interna
tional Symposium on Fcrrocement, Italy, July 1981 
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"Fibre Concrete with Regular Reinforcement·Ferrocement" Symposium on 
Concrete-Like Composite Materials and Its Applications in Construction (in 
Polish) lTB Warszawa, J 979 

"[nvestigations of Eccemrically Loaded Ferrocement Pipes Filled with Concrete' ' (in 
Polish, co-author) lnz.i Bud. No. 8, 1978 

" Precast Ferrocement Elements Appl ied as Forms for R.C. Bridges" (in Polish, 
co-author), lnz. i Bud. No. 8, 1978 

"Execution ,of.the Prototype Ferrocement Tank fo r Liquid Fuels, 25 m3 Capacity'' 
(in Pol.sh, co-author), lnz. Bud. No. 8, 1978 

(5) Manufacturing process offerrocement pipes; Ferroccment U-shape elements, manufac
turing and application in house construction ; The properties of impregnated ferrocemenc 

(6) Polish ABCD : Russian ABCD: German BO: English D 
(7) IF1C Consultant. IFlC Resource Speaker 

SMITH, R.B.L. 

(I) M ; 1923; England; British; m; Department of Civil Engineering, University of Nairobi, 
P.O. Box 30197, Nairobi, Kenya 

(2) B.Sc., M.Sc. Tech, Ph.D., Universfry of Manchester, England; Civi I engineering 
(3) Professor of Civil Engineering, University of Nairobi; ( 1968-J 970) 

Professor, Structural Engineering & Mechanics, Asian Institute ofTechno logy, Bangkok, 
Thailand 

(4) (28) "Hermetic Storage of Rice for Thai Farmers'' (co-author) ThaiJournal of Agricul· 
tural Science Vol. 4, No. 3, July 1971 

"Silo Etanche pour le Stockage des Cereals" C. Agr, Pays Chands 1969-4, Technolo
gie-75, Paris 

" Observations on the Storage of Paddy in Hermetically Sealed Ferrocement Bins" 
Journal of Structura l Engineering, Vol. 2, No. 4, January 1975 

" The Use of fcrrocement for Local Storage of Rice" Asiao Institute of Technology, 
Bangkok 

" Hermetic Storage of Rice for Tbai Farmers'' Applied Scientific Research Corpora
tion of Thailand, Miscellaneous Investigation No. 40, Report No. 1, l 970 

(5) Sisal reinforcement to cement mortar for wall and roof construction and for earthquake 
resistant construction 

(6) English ABO: French BC D ; German CD 
(71 IFlC Resource Speaker 

UKAPADDHANADHI, Narong 

( l) M ; 1941 ; Thailand; Tbai; m; Thailand Institute of Scientific and Technological Research 
(TISTR), 196 Phahonyothin Road, Bangkheo. Bangkok, Thailand 

(2) B.Sc .. Chulalongkorn University ; M.Sc., London University; Metalfurgy 
(3) Acting Head, Metallu rgical and Ceramic Engineering Laboratory;(l968-1969, 1972-1973) 

Experimental officer 
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(4) (200); "Ferrocement for Construction of Fishing Vessels," Report No. I, TlSTR, T hailand 
" Ferrocement Roofing Element". Report No. I, TfSTR, Thailand 
"Ferrocement Roofing Element'' Report No. 2, T ISTR, Thailand 

(6) Thai BCD; English BCD 
(7) IFIC Consultant; I FIC Resource Speaker 

SYEED-UL-HAQUE, A.K.M. 

(I) M; 1953; Bangladesh: Bangladeshi; m; Housing & Building Research Institute. Darus-
Salam, Mirpur. Dacca, Bangladesh 

(2) B.Sc. C.E .. Bangladesh University of Engineering and Technology, Bangladesh; Research 
(3) Research Engineer, Housing & Building Research Institute 
(5) Experiments on precast/cast-in-situ silos, water tanks, pans and roofing elements 
(6) English ABCD 
(7) JFIC Consultant; JFIC Resource Speaker 

THOMAS, Jack 

(1) M; 1921 ; Australia: Australian : m; II Addison St., Moonee Ponds, Victoria 3039, 
Australia 

(2) Diploma (Metallurgy). Sydney Technical College (Newcastle); B.Sc. (Hons.), University of 
Melbourne: Diploma Naval Architecture. Royal Melbourne Institute of Architecture, 
Royal Melbourne Institute of Technology; Materials engineering 

(3) ( 1957-1981}. Tech nical lecturing, Caulfield and Footscray Institute of Technology ; (1950-
1957} Coal Mining Laboratory; (1938-1950) Steel Industry: (1974) President, Australian 
Ferro-Cement Marine Association;( 1973) Vice-President, Australian Ferro-Cement Marine 
Association 

(6) English ABCD 
(7) IF IC Consultant ; I FIC Resource Speaker 

VENKATAKRISHNA, H.V. 

( I) M; 1943; India ; Indian ; Karnataka Regional Engineering College, Surathkal (D.K.) 
Srinivasnagar-574 157, Kamataka, India 

(2) B.E., University College of Engineering, India: M.E .. Indian Institute of Science, India; 
Srructural £11gi11eeri11g 

(3) Assistant Professor of Civil Engineering, Karnataka Regional Engineering College 
(4) [8] "Experimental Study of the Applicability of Ferrocement for Precast Folded Plate 

Elements" Journal of Structural Engineering, January 1975 
" Behavior of Ferrocement V-Shaped Folded Plate Elements"' submitted for publication 
"Behavior of Ferrocement Ribbed Roof Elements in Flexure .. submirted for publication 

(5) Flexural behavior of precast ferrocement channel type slab and beams unit (1982) 
(6) English ABCD 
(7) IFIC Consultant: I FlC Resource Speaker 

W ALKUS, Bernard Ryszard 

( I) M ; 1922: Poland ; Polish; m: Matachowskiego 80, 90-159 Lodz, Poland 
(2) M.Sc.C.E., Technical Universi ty of Warsaw. Poland; O.Sc., Technical University of 

Warsaw, Poland ; Civil engineering 
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(3) Professor of Civil Engineering, Technical University, Lodz, Poland 
(4) [85] "The Efficient and Economical System for Producing Ferrocement Elements" 

Journal of Ferrocement, Vol. IJ. No. 2, April 198L 

.. New Criteria of' Dispersion of Microreinforcemcnt in Ferrocement" (co-author) 
Proceedings o f the International Symposium in Ferroccrnent. Italy, J uly 1981 

"Criteria for Choice of Microreinforcemenl in Concret~ Composites" (co-author). 
Journal of Ferrocement. Vol. 9. No. J, Janua ry 1979 

"Composites as Applied to the T hin-Walled Structures in Poland" Bulletin of the 
International Associa tion for Shell and Spatial Structures ( IASS) No. 64, 1977 

" Prefabricated Long Shell Elements Made of Ferrocemen(' (co-author) Journal of' 
Structural Engineering. Vol. 3, No. 5. October 1975 

(5) The ferrocement boat ( 1982) 
(6) Polish ABCD; Rum:inian ABCD; English ABCD : Russia n BCD : Germun D 
(7) l FIC Consultant : IFIC Resource Speaker 

WELLS, David James 

(I) M; 1929 : New Zealand : New Zealan<ler; m: P.O . Box 410, Jayapura, Trian Jaya, Indonesia 
(3) UN Advisor, UNDP : (1969-1975) Manager/ Director. Madang, Ferrocement: (1975- 1981) 

UNDP Ferrocement Advisor 
(6) English ABCD 
(7) IFIC Consultant: I FIC Resource Speaker 

Z OLLO, Ronald, F. 

(I) M: 1941: USA ; American ; m; Department of Civil Engineering, University of Miami , 
Coral Gables, Florida 33124, USA 

(2) 8.S. C.E., Carnegie lnstilute of Technology: M.S.C.E., Carnegie lnstLtutc of Technology: 
Ph.D., Carnegie Mellon University; Civil t>ngincering 

(3) Associace Professor, Univcrsily of Miami 

(4) [13] "Fibrous Concrete Flexural Testing" Journal of the American Concrete Institute, 
September-October 1980 

''Extrusion of Glass Fiber Reinforced Concrete" (co-author) Journal of the American 
Concrete Institute. November 1977 

"Extrusion of Scee! Fiber Reinforced Concrete" .Journal of che Ame ric:an Concrete 
Inst itute, December 1975 

"Fiber Reinforced Concrete Extrusion" Journal of the Strucwral Division, American 
Society of Civil Engineers, December 1975 

' 'Wire F iber Reinforced Concrete Overlays for Orthotropic Bridge Deck Type 
Loadings", Journal of the American Concrete l nstitute, October 1975 

(6) In-plane and transverse loading of ferrocement plates 
(7) English ABC D 
(8) JFIC Consultant; I F IC Resource Speaker 
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BUILDERS 

ARCH - TECH 

( I) Gentoflegade 66, DK-2820 Gentofte, Copenhagen , Denmark; - ;-;-; Michael Freddie, 
Architect m.a.a. 

(2) Private company: 1980: Scandinavia, northern part of Europe 
(3) Ferrocement technical advising and contractor; Roof and wall-element and sculpture of 

artist 

BRICELAND TANK COMPANY 

(1) P.O. Box 424, Redway, California 95560, USA;-; -;-; William Eastwood, Owner 
(2) Private company; 1977; Northern California, U.S.A. ; Briceland, California U.S.A. 
(3) Ferrocement Water Tanks 
(4) Water tanks ; 1500 ga l, 2900 gal , 11 000 ga l, 21 000 gal. 
(5) Advantages: Rapid and one piece construction, lightweight 

Construction method: Uses Fibersteel laminating process 
Production system: Site built tanks constructed with portable equipment (I I 000 gal and 

2 1 000 gal.) 
Portable tanks built at one plant ( 1500 gal and 2900 gal) 

Number of Structures: 11 5 tanks completed as of October 1981 
(6) Licensee of Fibersteel lami.nating process 

FERROCEMENT LAMINATES 

(1) 1512 Lakewood Drive, West Sacramento, G .A. 95691 ; (916) 371-456; -; -; M.E. Iorns 
(2) Limited Liability Corporation; 1981; International 
(3) Consultants for construction methods fo r ferroce ment and marine concrete 
(4) Boats, pontoons, water tanks, roof domes etc. 
(5) Advantages: No limit on section thickness or reinforcing content; 

No voids;complete quality control; Low labor requirement 
Construction method: Shotcrete laminating 
Production system: Male, fema le or integral moulds 

FERROCEMENT RESEARCH LABORATORY 

(1) Warskiego 25,02-645 Warsaw, Poland; 44-40-22 ; 813307 PWPL: -; Dr. lnz. M. San
dowicz 

(2) Foundation (non-profit); 1971 ; Poland;-; 
(3) Structural Design, Analysis and testing of ferrocement elements and structures, design of 

manufacturing processes of ferrocement pipes, tanks and light structural elements 
(4) Ferrocement pressure pipes 
(5) Advantages : H igh strength of ferrocement improved through addition of glass fibers and 

impregnating with plastic leads to obtain a pipe resistant to pressure, to 
external loads and to corrosion. 

(6) Subject of Patent Application No. P. 158.517 
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HOUSING & BUILDING RESEARCH INSTITUTE 

(I) H & BRT, Darus-Salam, Mirpur, Dacca; 382504; -; -; -; 
(2) Research Institute: 1967 : Dacca, Bangladesh: Mirpur, Dacca , Bangladesh 
(3) Btperimenting, developing, generating new materials and techniques to provide solution to 

housing problems 
(4) Si.los, water tanks, biogas holder. pans. manhole cover, roofing elements 
(5) Advantages: Low cost by e liminating the centering and shuttering materials to the maxi

mum ; Savings in materials like cement, steel etc. 
N\lmber of Structures : 3 silos, 3 water tank!:, I dome for gas plant, manhole cover. pan 

and roofing element 

ICM MARINE SENDIRIAN BERHAD 

( J) Suite A 1207 Wisma Lim Foo Yong, .Jalan Raja Chulan, Kuala Lumpur, Malaysia ; 428505, 
428313 ; MA 37348, KONPRO ; T . Byrne, Managing Director 

(2) Priva te company; 1978; Southeast Asia. South Pacific, Middle East; Malaysia 
(3) Barge, tank and boat building; Low-cost housing 
(4) Storage tanks in prefabricated panels; low-cost housing in prefabricated panels; barges; 

prestressing and post-tensioning panels filled with expanded polyurethane foam 
(5) Advantages: High degree of flexibility and impact rel.istancc; will not corrode in seawater; 

low maintenance cost ; cheaper manufacturing cost 
Number of Structures: I 00,000 gallons storage tanks, 4 off. Malacca, Malaysia; currently 

under construction one-off diesel ca rrying barge 

IRIAN JA YA JOINT DEVELOPMENT FOUNDATION 

(J) P.O . Box 410, Jayapura, lrian Jaya , Indonesia,-: 76122 Airfastia: -: UN Expert 
(2) Foundation (non-profit); 1971 : I rian Jaya, Indonesia: Jayapura. lrian Jaya, Indonesia 
(4) Boats and waler tank.s 
(5) Number of Structures: 30 boats for Papua New Guinea 

15 boats for lrian Jaya 
many water tanks for both places 

LABORATORlE D E LA ROQUETTE 

(I} La Roquette, 34190 St. Bauzille de Putois, France ;(67) 737060: -;-;R.D. FOX. Director 
(2) Private laboratory supported by the Association pour Combattre la Malnutrition par 

Algo-culture Simplifice ; 1969: Tropical developing countries;-; 
(3) Design and construction or integrated systems for village level production (by the Villagers) 

of the protein and vitamin-rich blue-green alga, spirulina, as u means of com batting malnu
trition. Developers and transmitte rs of appropriate technology for villages 

(4) Ferrocement biogas digesters 
(5) Advantages: Allows construction or complicated form and economical 

Number of Struciures: Seven ferroccment biogas digesters 

RURAL WATER SUPPLY WEST J AVA PROJECT OTA 33/J -7 

(I ) Tromol Pos 59, Bandung, Indonesia: 83717, 58725: -: -; Mr. Ben van Bronckhorst, 
Project Manager & Senior Consultan1 

(2) Government; 1976; West Java, Indonesia 



222 Journal of Ferroceme11t: Vol. 12, No. 2, April 1982 

(3) Developing rural water supply system for West Java 
(4) Ferrocement rainwater collectors ; ferrocement water reservoirs ; ferrocement lining of 

ponds and filter containers; ferrocement sanitary units; ferrocement slow sand filter 
(5) Number of Structures: A number of ferrocement rainwater collectors; One-ferrocement 

small scale water treatment plant; ferrocement community water 
supply system for 2000 people and another for 500 people; three 
ferrocement slow sand filter 

SEACRETE Ltd. 

(1) Port of Wroxham, Near Norwich, U.K. ; 06053 - 2542; -; - ; Managing Director 
(2) Private company, Limited liability; 1960; Worldwide; 27 manufacturers in 23 countries 
(3) Licenced manufacturer of ferrocement products by the "SACRETE" Process 

WINDBOATS LTD. 

(I) Windboat Works, Port of Wroxham, near Norwich, U.K.; (06053) 2542; -; Windboats 
Wroxham Norwich; T.L. James, Managing Director 

(2) Private company, Limited Liability; 1933; Worldwide ; U.K., US, Bermuda, Nigeria, 
Seychelles, Sri Lanka, Pakistan, Singapore, Hong Kong, South Africa, Tokyo, Iran, Spain 

(3) Building ferrocement boats and other products commercially 
(4) Boats 

(5) Number of Structures: 1600 crafts 
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Gary L. ROWEN 

Dr. Bowen is the New 
Zealand correspondent of 
the Journal of Ferrocement 
and a senior water resources 
engineer of Tonkin & Tay
lor Consulting Engineers 
in Auckland, New Zealand. He was a former 
member of the editorial board of the Journal 
of Ferrocement ( 1976-1978) and a correspond
ing member of the ACI Committee 549 on 
Ferrocemenl. He had been active in the re
search and development of ferrocemcnt tech
nology since he was a senior lecturer in civil 
engineering at the University of Auckland. He 
was a member of the editorial committee of 
the Journal of Ferrocement published by the 
New Zealand Ferro Cement Marine Associa
tion (NZFCMA) until 1976. Home for Dr. 
Bowen is a 15 toone, 13 meter ferrocement 
yacht "The Wind Is Free'' built by him and 
his wife. 

Michio KAWASAKI 

Mr. Kawasaki is an 
assistant at the Tokyo 
Metropolitan University. 
He graduated with M.S. in 
Civil Engineering from 
the Toyo University in 
1977. 

Zhao GUOFAN 

Mr. Guofan is a pro
fessor of civil engineering 
and head of Division of 
Structures, Ocean Engi
neering Research Center. 
Dalian lnstitute of Tech
nology, China. He joined DIT faculty in 

1950. Since 1953 he has been actively engaged 
in teaching and research in reinforced and 

prestressed concrete. Currently, he is a 

member of the Executive Committee of 

Reinforced and Prestrcssed Concrete Divi
sion of the Chinese Civil Engineering 

Society and member of the Executive 

Committee of Structures Division of the 
Chinese Architectural Engineering Society. 

Makoto MlNAMI 

Mr. Minami is a senior 
researcher at the Central 
Research Laboratory of the 
UBE lndustries Ltd. He 
graduated from the Yama
guchi University, Depart
ment of Physics, in 1958. 
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Jiro MURATA 

Dr. Murata is professor 
at the Tokyo Metropolitan 
University and president 
of the Japan Society for 
Gas-Pressure Welding of 
Reinforcing Bars. He ob
tained his Doctor of Engineering from the 
University of Tokyo, Department of Civil 
Engineering in 1947. He is an active member 
of the Concrete Committee in the Japan 

Society of Civil Engineers. Dr. Murata 
received the Yoshida Medal from the Japan 

Society of Civil Engineers in 1962 for his 
"Studies on the Water Tightness of Concrete·· 

and in 1979 he was awarded the JCI Medal 

by the Japan Concrete Institute for his " Rheo
logical Analysis of Fresh Concrete .. . 

Z. REJCHY ERGER 

Dr. Reichverger is the 
head of the Central Build
ing Laboratory of the Stan
dards Institution of Israel. 
He obtained his Diploma 
Engineer from USSR in 
1963 and his D .Sc. from Technion - 1.1.T., 
Haifa, Israel in 1978. He has served as 

engineer, Design Group of Organization, 

Kiev, USSR, engineer and senior engineer, 
Zone Research Institute, Kiev. USSR and 

research fellow, Building Research Station, 

Technion, Haifa, Israel. He has published 

several papers in the fie ld of ferrocement, 

slip-form technology and lightweight con

crete and has attended many international 
technical conferences. 

Lilia ROBLES -AUSTRIACO 

Mrs. Austriaco is the 
senior information scien
tist of the International 

Ferrocement Information .. 
Center. She obtained a 

Bachelor of Science in Civil 

Enginee ring (Cum Laude) from the Mapua 

Institute of Technology and a Master of En

gineering, major jn Structural Engineering 

from the Asian Institute ofTechnology. Mrs. 

Austriaco served as civil engineer, Bureau of 

Public Works Philippines; associate professor 

and reviewer, School of Civil Engineering. 

Mapua fnstitute of Technology, Philippines ; 

fn forma tioo scientist, Asian Information 

Center for Geotechnical Engineering, Asian 

Insti tute of Technology, T hailand and lec

turer in the undergraduate and graduate 

program of the School of Housing, Building 

and Planning, Universiti Sains Malaysia, 

Malaysia. She is a member of the Philippine 

Institute of Civil Engineers and the Ameri

can Society for Engineering Education. 

Li SHUYAO 

Mr. Shuyao is an asso

ciate professor of civil en
gineering and vice-head of 

Division of Structures, 

Ocean Engineering Re
search Center, Dalian In

stitute of Technology, China. He joined DIT 

facu lty in 1953. Since 1955 he has been 

engaged in teaching and research in reinforced 

and presrressed concrete. 
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ltzbak SOROKA 

Dr. Soroka is professor 
and dean of the Faculty of 
Civil Engineering at the 
Technion Israel Institute 
of Technology. He ob
tained from the Technion 
Israel Institute of Technology his B.Sc. in 
1950; Civil Engineer in 1953 and M.Sc. degree 
in 1958. Jn 1962 he received a Ph.D. degree 
from King's College, Durham University, 
where he studied on a Brilish Council Scholar
ship. After a few years of practice, he 
joined, in 1953, the Building Research 
Station of the Technion as a research engi
neer and the Faculty of Civil Engineering 
as a part-time lecturer. Since then Dr. 
Soroka has been engaged in teaching, 
research and consulting activities in the 

field of buiJding materials with particular 
reference to cement and concrete. He has 
authored some sixty-five scientific and 
technical papers and five textbooks, and 
has been a member of international com
m1ss10ns on mortars and renderings, 
statistical control of concrete quality and 
observation of structures. In 1965-1967 he 
was appointed building research expert 
under UN Programme of Technical Assis
tance and advised the Ministry of Recon
struction and Resettlement. Government 
of Tuikey, on the establishment of a 
building materials laboratory. In 1966-67, 
he was a visiting scientist at the Division of 
Building Research, National Research 
Counci.t of Canada, and in 1975-76 a 
visiting professor at the Department of 
Civil Engineering and Building Techno
logy, University of Wales, Institute of 

·science and Technology, Caidiff. 
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3rd ASTM/CIB/RILEM Symposium on the 
Performance Concept in Building, Lisbon, 
Portugal, March 29-April 2, 1982. 

This symposium is organized by the Labo
ratorio Nacional de Engenharia Civil (LNEC) 
and is structured arou nd three main toplcs: 

I. methods of deriving performance re
quirements and criteria, 

2. methods of eva luating performance 
against criteria, 

3. applications of the performance concept 
to rehabilitation. 

Further details may be obtained from : 
Secretariat 

ASTM/CIB/RILEM Symposium 
LNEC, Avenida do Brasil 101. 1799 
Lisboa Codex, Portugal 

International Conference on Concrete at Early 
Age , Paris, France, April 6-8, 1982. 

An international conference on Concrete 
at Early Ages will be held in Paris, France, 
April 6-8, 1982. Topics will include mechani
cal properties; deformations and cracking, 
overloading and insufficient curing, practical 
application and models for calculating 
different properties as functions of the degree 
of hydration. Further details may be obtained 
from: 

L.J . Parrott 
Cement and Concrete Association 
Fulmer Grange, Fulmer 
Slough, SL2 4QS 
Great Britain 

International Conference on Technology and 
Technology Exchange, Pittsburg, U.S.A., May 
3-6, 1982. 

Sponsors of the conference include the 
International Technology lnstitute, the Engi
neers' Society of Western Pennsylvania and 
the International Trade Administration of 
the U.S. Department of Commerce. Appro
priate topics include: productivity techno
logy; the planning, transfer and exchange of 
technology; energy: natural re ources and 
their optimal utilization; re-use and recyling 
of raw materials and the development of 
substitute materials; transportation of people 
and materials and the study of natural disas
ters. 

For further information, contact: 

JCTTE 
Engineers' Society 
WiUiam Penn Hotel 
530 Wjlliam Penn Place 
Pittsburg, PA I 5219 
U.S.A. 

6th I nterna tional Brick Masonry Conference, 
Rome. May 16-19, 1982. 

The conference is sponsored by the Euro
pean Federat ion of Brick and Tile Tndustries, 
and subjects to be covered will be: 

I. mechanical properties and behaviour or 
materials; 

2. properties and behaviour of structural 
elements and whole structures; 
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3. behaviour of masonry under cyclic actions 
and seismic design : 

4 . thermal properties of buildings and energy 
conservation ; 

5. architectural design, economic considera
tions and various problem~. 

The official congres languages will be 
Italian, English, French and German. 

For furthe r info rma tion please apply to: 
AND IL, Segretaria 6th JBMAC, Via Cavour 
Fl, t-00184. Rome, Italy. 

RlLEM/lABSE/CEB/IASS ymposium on 
Concrete S tructures Under fmpact and Impul
s ive Loading, West Berlin, Germany, J une 2-4, 
1982. 

This symposi um. organized by tht: Bunde
snnsrn lt fi.ir Material prufung (BAM). aims to 
stimulute the synthesis of experimental inves
tigation and numerical analysi of reinforced 
-.:oncrete sLructures under impact a nd impul
sive loading, to show the problems and the 
gaps in our knowledge of the behaviour of 
structures, components and materials and to 
give a ~timulus to the research in the near 
future. fnvited to attend ate material scien
tists who can contribute to the fundamental 
modelling of material behaviour as well as 
scientists who have applied structural mecha
nics to reinforced concrete in deriving numeri
cal models for ~trucLurcs due Lo impact and 
impulsive loading. Enginee rs who can report 
about application of recent knowledge on the 
design of structures, their conception and 
repair, are also welcome. 

For fu rther 111formation write to : 

Secretariat 
G. Plank 
Bundesanstalt ftir Material prufung 
Unter den Eichen 87 DI 000 
West Berlin 45 
Germany F.R. 

9th International Congress of the federation 
Internationale de la Precontrainte (FIP), 

tockholm, Sweden, Jllne 6-10, 1982. 

The FlP (Federation Internationale de la 
Precon lrainte) promotes the use and develop
ment of prestressing materials and prestrcssed 
concrete throughout the world. The most 
importan t technical activities or Fl P are 
organiled through its technical Commissions. 
These are set up to investigate particular 
problems a ffecting the development or prcs
tressed concrete . 

The fo llowing Commissions arc currently 
active: Concrete sea structures: Concrete 
pressure and storage vessels; Seismic struc
tures: Prefa brication; Lightweight concretes: 
Fire resistance; Practical construction: Pres
tressing steels and systems. 

Three simultaneous activities will be in
cluded in the technical sessions, namely: 

A. Se minars- reports from Commissions 
and from sessions wi th lechnical contribu tions 
(C below). 

B. Commission discussion meetings. Open 
meelings for each of rhe eight <:0mmissions of 
FIP. 

C. Technical contributions. Separate c:;
sions fo r each of the official languages of Fl P. 

The essions are open for contributions. 

The seminars us well as the sessions wirh 
technical contributions. will be held under 
the headi ngs: Design and construction of 
bridges, buildings and other structures. and 
research. 

A s well as the technical programme there 
will be a social programme, an accompa nying 
persons programme, post congress tours. 
colloquia and a technical exhibition cntil led 
'Concrete 82'. 

Funher information can be obtained from: 

FIP 82 
c/o Scockholm Convention Bureau 
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Jakobs Torg 3 
S-11152. Stockholm 
Sweden 

International Conference on Bond in Concrete, 
Pa isley, Scotland, June 14-16, 1982. 

The International Conference is organized 
by the Paisley College of Technology. The 
main topics will be: 

a. Theory and mechanism of bond, 

b. Method of testing of bond, 

c. Assessment of factors which influence 
bond, 

d. Bond in design and construction 
practice. 

For further details please directly contact: 

Dr. Peter Bartos 

Department of Civil Engineering 
Paisley College of Technology 
High Street, Paisley PA I 2BE 
Scotland, Great Britain 

International Conference on the Use of Fly 
Ash, S iUca Fume, Slag and other M ineral By
Products in Concrete, ~ontebello, Q uebec, 
Canada, J uly 31-August 5, 1982. 

The Conference will be sponsored by ACI 

and the Canada Centre for Minera l and 
Energy Technology, Ottawa, Canada. The 
purpose of the Conference is to bring together 
representatives from industry, universities 
and government agencies to present the latest 
information on these materials and ro discuss 
areas of needed research. 

For furthe r information, write to; 

Mr. V. Mohan Malhotra 
CAN MET 
405 Rochester St. 
Ottawa, Ontario 
Canada, KIA OGl 

7th International Conference on Experimental 
S tress Analysis, Israel Institute of Technology, 
Ha ifa, I srael, August 23-27, 1982. 

The International Conference is sponsored 
by the Israel Institute of Technology and 
Israel's National Council for Research and 
Development in cooperation with the Society 
for Experimental Stress Analysis. The main 
themes of the conference are experimental 
stress analysis for composite materials, 
engineering education and experimental stress 
analysis, experimental stress analysis in bio
engineering and experimental stress analysis 
under extreme temperature conditions. 

For information contact: 

or 

Society for Experimental Stress Analysis 
21 Bridge Square 
P.O. Box 277 
Saugatuck Station, Westport 
Conn. 06880, U.S.A. 

A.A Betser 
Dept. of Aeronaut ical Engineering 
Technion/ Israel Institute of Technology 
Haifa, Israel 32000 

1982 Symposium on Maintenance, Repair and 
Rehabilitation of Bridges, Washington, D.C., 
U.S.A., September 9-10, 1982. 

Sponsored by the International Association 
for Bridge and Structural Engineering and 
the U.S. Group, IABSE in cooperation with 
American Society of Civil Engineers, Ameri
can Concrete Institute, Prestressed Concrete 
Institute and Structural Stability Research 
Council, the symposium is intended for 
engineers, contractors, researchers, adminis
trators and owners and all those concerned 
with or interested in the maintenance, repair 
and rehabilitation of bridges and other 
structures. 

For further information contact: 

IABSE Secretariat 
ETH-H onggerberg 
CH-8093 Zurich 
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Switzerland Telephone 01 /377 26 47 
or 
F. H. Sterbenz, Secretary-Treasurer 
lABSE, U.S. Group 
1345 Avenue of the Americas 

ew York. N.Y. 10105 
U.S.A. Telephone 212-757-4060 

fotcmationaJ Symposium on Concrete Roads, 
London, eptember 13-16, 1982. 

The Symposium is being organized by the 
Concrete Society, PJARC (Permanent Inter
national Association of Road Congresses) 
and CEMBUREAU in conjunction with 
various British national organizations. 

The Symposium will cover design. construc
tion materials a nd economics and include 
visits to significant projects under construc
tion. 

Further information may be obtained from: 

Ms. Anthea Wright 
The Concrete Society 
Terminal House, Grosvenor Gardens 
London SWl W OAS 
Great Britain 

) mpo ium on fibre-Reinforced Concrete, 
Detroit. Michigan, U.S.A., September 19-24, 
1982. 

ACl Committee 544 is organizing an Inter
national Symposium on the topic during the 
ACI Fall Convention. 

The Symposium will con~ist of two half
day sessions which wi.11 be devoted to a general 
updating of current fibre-reinforced concrete 
(FRC) technology with special emphasis on 
the design of products, construction tech
niques, testing, long-term performance, and 
new applications for FRC. After 20 years of 
continuing growth in its use, information on 
the wide experience gained would be very 
appropriate and useful. 

Abstracts or complete manscripts should 
be sent 10 : 

George C. HolT 
Symposium Chairman 
U.S. Army Engineer Waterways Experi
ment Station 
P.O. Box 631 
Vicksburg, Mississippi 39180 
U.S.A. 

Jntemational Symposium on Bonds Between 
Cement Pastes and Other Materials, Toulouse 
(Tnstitut National des Sciences Appliquees), 
Nol'ember 3-S, 1982. 

The Principal themes include: a) Forrna
tion and bonds-structure-influence of chemi
cal and physical structures of binders, water, 
additives, admixtures and otber materials 
(aggregates, reinforcements, fibers); influence 
of curing conditions; b) Bond-development, 
influence of the time and environments; c) 
Relationships between the bond-structure and· 
the mechanisms of deformation and crack
developmcnt; d) experimental methods of 
study. 

The official language will be French and 
English. The number of participants would 
be lin1ited to J 50. Send enquiries to : 

Monsieu J . Graodet 
Department de Genie Civil, 1.N.S.A. 
L56, Avenue de Rangueil 
JJ077 Toulouse Cedex 
France 

CALL FOR PAPE RS 

ymposium on Ferrocement: R esearch, 
Design and Applications, Detroit, Michigan, 
U.S.A., September 19-24, 1982. 

ACl Committee 549 is solil.!iting papers for 
a symposium on Ferrocement : Research, 
Design and Applications, which will be held 
during the American Concrete lnstitute's 
Annual Convention, September 12-24, 1982 
in Detroit, Michigan. 

Papers are invited on the use of both metal-
lic and non-metallic reinforcement. The 
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intent of the symposium is to: 

I. Present the latest research results and 

developments on ferrocement. 

2. D iscuss design procedures, recommen

dations and standards of good practice 

and 

3. Describe various applications, prefera

bly larger scale, with particular empha

sis on reviewing improved and/or inno

vative methods of production . 

Publication of accepted papers will be 

encouraged through A Cf publication channels 

for the ACI Journal, Concrete International, 

or, if deemed appropriate, a special ACl 

publication of t he symposium proceedings. 

In addition to a two-session symposium on 

ferrocement, organized by ACl Committee 

549, ACI Committee 544 is organizing a two

session symposium on Fiber Reinforced 

Concrete. 

F or further info rmation, please contact: 

D r. Antoine E. Naaman 

Chairman ACI 549 

University of Ulinois at Chicago Circle 

Department of Materials Engineering 

Box 4348 

Chicago, Illinois 60680 

U.S.A. 

International Conference in Forming Econo
mical Concrete Buildings, Lincolnshire, Illi
nois, U.S.A., November 8-10, 1982. 

Papers on the following topics are solicited 
for presentation at the conference. The list is 
not necessarily all inclusive; a ll submitted 
papers within the scope of the conference will 
be considered by the Program Committee. 

• Optimum buildings layout for available 
forming systems. 

. Floor deflections due to early form 
removal. 

• Form removal and rcshoring schedules. 
• Form selection constraints/equipment 

selection. 
• Review of forming systems such as: 

Hying, gang, and tunnel forms. 
• Formwork tolerances . 
• Relative economics of forming systems. 
• Winter protection. 
• Vertical slipforming . 
• Architectural precast concrete forms for 

cast-in-place concrete. 
·Innovations in forming systems (inflated 

forms, etc.) 
• Formwork safety (fire protection, etc.). 

O ffers of papers should be submitted, 
along with 200-to 300-word synopses, to: 

William C. Panarese 
Program Committee Cbairman 
Portland Cement Association 
5420 Old Orchard R oad 
Skokie, Illinois 60077 
U.S.A. 
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APPROPRIATE BUILDING MATERIALS 

A Catalogue of Potential Solutions 

by R. Stulz 

Published by SKAT, Varnbullsrrabe 14, CH-9000 St. Gallen, Switzerland. 

231 

This catalogue is presented in two parts: the theoretical information on the different 
building materials and building elements and 55 different methods to produce building ele
ments. The first part includes an introduction to basic theories of the low-cost construction 
technology. Part II not only includes examples of appropriate building materials which are 
proven but also examples of promising methods which are still in an experimental stage. 

This well illustrated catalogue will be useful to: the practitioner to help him to identify an 
appropriate solution for a given construction problem; housing program organiz.ations and 
scientific organizations to help them choose a particular technology and to architects, engineers, 
producers and suppliers of building materials to give them a survey on the state-of-the-art . 

325 pp. 
English 

Flexicover edition 
1980 
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Abstract 
!.lllllll l Hlll l lll lUlll l lll lll Ul lll lll ll l lil lll lll lll llll ll l lll lll ll ltlllll lll Hlltllllll l Ull lll lll lll ll l lll lll lll lll Ul lll lllllllHl lll llllll l\111111 1111Htll l !ll Hll lll llllJllll ll l Ul ll l llllllO• I JFP 36 FERROCEMENT WITH GROUPED REINFORCEMENT I 
: KEYWORDS: Cracking, Ferrocement, Reinforcement, Mesh, Stress, Testing. i 
~ ABSTRACT: Jn order to avoid the possible displacement of the reinforcement meshes ~ 

~ and thereby reduce the risk of corrosion, it is suggested to place the meshes in two ;~;
i_ separate groups at the bottom and top oftbe cross sections offerrocement elements, with 
~ the meshes in each group being placed directly one on top of the other. A method is des- ~ 

--~ cribed by which such an arrangement can be achieved. The tests involved some twenty =-~ 
~ different series and indicated that the grouping of the reinforcement essentially did ~
~ not affect the behaviour of ferrocement elements subjected to tension. ~ 

~ REFERENCE: REICH VERGER, Z. and SOROKA, T., ''Ferrocement With Grouped i 
~ Reinforcement. " Journal of Ferrocement, Vol. 12, No. 2, Paper JFP 36, April 1982, ~ 
~ ~ 
~ pp. 137-144. ~ 
~ ~ 

~ ~ 
~ JFP 37 MECHANICAL CHARACTERISTICS OF FERROCEMENT AND AP- ~ ~ ~ 
~ PLICATION TO OFFSHORE STRUCTURES ~ 
~ ~ 
~ ~ 

~ KEYWORDS: Bending, Fatigue, Ferrocement, Impact, Mechanical Property, Mo- ~ I ment, Mortar, Panel, Resistance, Testing. j 
~ ABSTRACT: With the purpose of furnishing basic data in case of utilizing ferrocement ~ 
~ for fioating structures, tests were performed on the static mechanical characteristics; ~ 
~ fatigue resistance, impact resistance, and seawater resistance of ferrocement panels ~ 

~ using lightweight mortar, and further, model tests of a small vessel were carried out to ~ 
~ confirm safety. i 
~ -~ REFERENCE: MURATA, J., KAWASAKI, M. and MINAMI, M., "Mechanical ~ 
~ ~ 
~ Characteristcs of Ferrocement and Application to Offshore Structures,'' Journal of ii! 
~ ~ 
~ Ferrocement, Vol. 12, No. 2, Paper JFP 37, Apri.11982, pp. 145-158. ~ 
~ ~ 

~ i 
!.111111111u1111 11 1 111 111111 111 111111 111 111 11 11111 111 11 1 111 111111 111111 111 1 11111 111 1 11 11 1 111 11 1 111 111111 u1 1 11.i1 11111a .1 11 111 11 1 111 1 1 1 11111 1 111111 1 1 1011111 111111 11 1 111 111111 111 11 1 111 11 1 11 1 1111:1 ~ 

ERRATA 

J ournal of Ferrocemeot, Vol. 12, No. 1, January 1982. 

The year of publication of reference [4] in the paper "Agricultural Buildings of Ribbed 
Ferrocement Elements" by F. Blujer should be 1978. 

The year of publication of the references in the paper "A Ferrocement Digester: Biogas 
and Biomass Production'' by Polprasert,. K.anok-Nukulchai and Rajput should be (in 
numerical order) 1972; 1978; 1977 : 1974; 1979; 1973; 1959 ; 1977; 1978; 1975 and 1981. 

Apologies are due to the authors for these typographical errors and to the readers 
for any confusion caused. 



PUBLIEATIOD5 
001 FERROCEMENT 
B.K. Paul a11d R.P. Pama 

This publication discusses every aspect of rerrocc
mcnt technology: historical background, constituent 
m:uerials, construction procedures, mechanical pro
perties and potential a pplications. The flcxicovcr 
edition includes over 75 literature ref.:renccs on the 
subject. 149 pp., 74 illus. 

Subscribers 
No11-s11bscl'fbt'f'S 

Surface mail, 
usuz.oo 
usns.oo 

Air 111t1il 
USS l4.00 
USS17.00 

002 THE POTENTIALS OF FERROCE
MENT AND RELATED MATERIALS FOR 
RURAL l NDONESlA - A FEASIDILITY 
STUDY 
R.P. Pama and Opas Phromrata11apo11gs'' 

The report recommends seven potential applications 
of fc rrocem:nt and related m1terials found particu
larly suitable for rural lndonesia. Good reference 
for volunteer groups and government officers involved 
with rural development. 

S urface mni/ USS2.00 
Air mail USS4.00 

003 FERROCEMENT, A VERSATILE 
CONSTRUCTION MATERlAL:JT 'S I -
CREASING USE IN ASIA 
Edited by R.P. Pama, Seng-Lip Lee a11cl 
Noel D . Vietmeyer 

This report is the product of the workshop ·•1n-
1.roduction of Technologies in Asia-Ferrocemcnt, A 
Case Study", jointly sponsored by the Asian Institute 
of Technology (AIT) and the U.S. National Academy 
of Sciences (NAS). Thirteen case studies on the 
'State-of-the-A rt' of ferrocement technology and 
applications in nine countries in Asia and Australasia 
are presented. )()6 pp., 59 illus. 

Surface mail US$2.00 
Air mail US$4.00 

004 FERROCEMENT AND ITS APPLICA
TIONS- A RlBLIOGRAPHY. 
Volume l 

It presents a comprehensive list of references covering 
all aspects of ferrocement technology and its applica
tions. This first volume lists 736 references classified 
according to subject a nd autnor indices. Ali listed 
references are available at IF!C which can provide 
photocopies on request at nominal cost. Ideal for 
researchers and amateur builders. 56 pp. 

Surface mail US$2.00 
Air moil lfSS4.00 

005 DO IT YOURSELF SERIES 

P.C. Sharma a11cl V.S. Gopalaratnam 

To accelerate transfer of ferrocement tcchnolog,v 
to developing countries, IF!C has published the 
following four Dooklets in the Do it yourself series. 

Fe:rroccment Grnin Storage Din - Booklet No. I 
Ferrocement Waler Tank - Booklet No. 2 
Ferrocemcnt Blogas Holder • Booklet No. 3 
Ferrocement CanC>c - Booklet No. 4 

The descriptive text in each booklet is in a non
technical language. Material specifications, material 
estimations.construct ion and post-construction opera -
tion of each utility structures arc well discussed. 
Construction drawings and construction guidelines 
to ensure better workmanship and finished structures 
are presented. Also induded are additional readings 
and sample calculations. 

006 FOCUS 

Cost per Bookict 
S111facc mnil 
Air mnil 

USS2.00 
US$4.00 

This pamphlet introduces fcrroccmcnt as a highly 
versatile form ofrcinforccd concrcteuscdforconstruc
tion with a minimum of skilled labour. Published in 
Bengali, Chinese, English, French, Hindi, Indonesian, 
Nef\;tlcsc. Pilip111u Singhalcsc, Spanish Tam il, Thai, 
Urdu. The ·e pamphlds could be obtained FREE 
nf charge. 

007 SLID E PRESENTATION SERIES 

Construction of Ferrocement Water Tank 
Series No . I 

The \11dc -.ct rrc"<Cnh the matenah and tl>Ob of 
constrm:t1on, the 'wp-by.,,1cp dc"Cription of the con,. 
truction of u tcrr•l<Cllll'nt '':lier lank, te.\I for leakage 
:ind the me I hod 10 1 ep~it , The set rn"'hh of 30 
colored \lidc• and " booklet c.\pl11ining cai.:h. II i~ 
intended fur u~c in ~hool~. collcg~'· ttaining t:cnlcr~ 
and will be equully uwl'u l for uq,:an[L:Jlion~ involved 
in rural dcvl• lopmcnt. 

Deve/opinx countries 
Developed countries 

Air moil 

USS 15.00 

USS 20.00 
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Speciol /ssues 

• Marine Application ~ (Vol. 10, No. 3, July 1980) 
• Housing Applications (Vol. 11, No. I , January 

1981 ) 
• Water Decade (Vol. II, No. 3, July 1981) 
• Agricultural Applications (Vol. 11 , No. I , January 

1983) 

/11dividuol 
lnstiturional 

Back Wue5 

Vol. 8 (all issues) 
Vol. 9 (aU issues) 

Cost per issue 

Surface moil Air moll 

USS 6.00 USS 8.00 
USS 12.50 USS 14.50 

MODES OF PAYMENTS 

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

CoSt per issue inclusive of surface mail+ 

Developing countries 
Developed counrries 

Individual 

USS 3.75 
USS 6.00 

lnsrirutionol 

USS 7.50 
USS 12.50 

+Add USS 2.00 per issue for air mail postage 

Vol. 7. Nos. I and 2 are out of print. Photocopies of 
individual anicles from these 1ssi.1es could be ordered 
at USS 0. 15 per page for subscribers and USS 0.20 per 
page for non-subscribers. Cost inclusive of surface 
postage. 

Subscription rates (see page ii) 

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 any 
of the currency indicated in the table below. 

Cheque 
Currency 

In favour of Sent to 

USS International Ferrocement The Director 
Thai Baht Information Center (IFIC) IFIC/AIT 

P.O. Box 2754 
Bangkok, ThaiJand 

Philippine Philippine Center for Mr. B.G. Gertes 
pesos Appropriate Training Ground Floor, Manila Suit 
{US s 1.00=7 .S pesos) and Technology*(PCA TT) 1414 F Agoncillo Street 

Ernita, Metro Manila, Philippines 

Indian COSTED• The Scientific Secretary 
Rupees (Committee on Science COSTED 
(US $1.00=8.00 rupees) and Technology in Indian Institute of Technology 

Developing Countries) Madras 600 036, India 

• Please infonn IFIC of payment made to these institutions for prompt service. 




