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ITJFITCC 

The lnternational Ferrocement Information Center (IFIC) was founded in OcLober 1976 at 
the Asian Institute or Technology under thejoint sponsorshipofthe lnstitute's Division of SLructural 
Engineering and Construction and the Library and Regional Documentation Center. IFIC was 
established as a result of the recommendations made in 1972 by Lhe. U.S. National Academy of 
Sciences' Advisory Committccon Technological Innovation (ACTI). IFIC receives financial suppon 
from the Canadian International Development Agency (CIDA), Government of France, and the 
International Development Research Center (IDRC) of Canada. 

Basically, IFIC serves as a clearing house for infonnat.ion on ferrocement and related materials. 
In cooperation wilh nationaJ societies, universities, libraries, infonnalion centers, government 
agencies, research organizations, engineering and consulting firms all over the world, IFIC attempts 
to collect information on all forms of ferrocement applications either published or unpublished. This 
information is identified and sorted before it is repackaged and disseminated as widely as possible 
through IFIC's publications, reference and rcprographic services and technology transfer 
activi ties. All information collcct.cd by JFIC are entered into a computerized data base using ISIS 
system. These information are available on requesL In addition, IFIC offers referral services. 

A quanerl y publication, theJourna/ of F errocement. is Lhe main disseminating tool ofl FIC. IFIC 
has also published the monograph Ferroccment. Do It Yourself Booklets. Slide Presenl:ltion Series, 
State-of-the-Art Reviews, Fcrrocemem AbstracL<\, bibliographics and reports. FOCUS, the 
information brochure oflFIC, is published in 19 languagcs as part of fFIC's attempllo reach out 
to Lhe rural areas of the developing countries. IFIC is compiling a dirccLOry of consultants and 
fcrroccmcm expcns. The first volume, International Directory of F errocement Organizations and 
Experts 1982-1984, is now available. 

To transfer fcrrocement technology LO Lhe rural areas of developing count.ries, IFIC organizes 
training programs, seminars, study-tours, conferences and symposia. For these activi ties, IFIC acts 
as an initiator; identifying needs, soliciting fonding, identifying experts, and bringing people together. 
So far, IFIC has successfully undertaken training programs for Indonesia and Malaysia; a regional 
symposium and training course in India; a seminar to introduce ferrocement in Malaysia; another 
seminar LO introduce ferrocement to Africans; study-LOur in Thailand and Indonesia for African 
of(icials; the Second International Symposium on Ferrocemenl and a Short Course on Design and 
Construction ofFerrocement Structures. CurrcnUy, IFIC is involved in establishing the Ferrocement 
information Network in Asia and Africa. lFIC has organized lhe Ferrocement Corrosion: An 
International Correspondence Symposium. 
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The ftrst use of ferrocemem was Lambol's boats for his 
horticultural garden pond in France in 1848. Ferrocement has made 
tremendous slTides since then, and a num bcr of factors, such as the 
ACI "Guide for Lhc Design, Construction, and Repair of 
Fcrroccment", indicate this progress is accelerating. Yet dispitc- this 
favorable growth, the marine appl ication of fcrrocmenL has lagged 
behind its progress on land. Although fcrroccmcnt is widely used for 
marine applications in several countries, majority of marine slruc,ures 
have been built primarily of steel. Perhaps the facLOrsaccountablc for 
this predominance have been the quality and quantity of research and 
development in design, fabrication and construction for steel 
structures. The comparative deficiency of knowledge for ferroccmcnt 
represents an obsUlclc to the more effective and extensive use of 
fcrroccmenl for marine applications. The objectives of this special 
issue arc to focus attention in the dcvelopme.nton marine applications 
of ferroccmcm and LO encourage ferrocement researchers and 
engineers to upgrade the level of ferrocemcnL marine technology. 

One major aspect of the marine applications of ferrocement is 
construction procedure. The effective use of the material requires a 
greater understanding of the design and construction techniques. 
Economy depends on the practicability and cost of construction and 
these in Lum depend on the methods selected and developed. 

The papers in this special issue include experience from China, 
Cuba, Indonesia, Thailand and Vietnam. The papers from China 
consider construction procedure and summarize the applications for 
the last thirty years. Recent developments in Cuba, Indonesia, 
Thailand and Vietnam are also reponed. This issue may serve as a 
guide Lo past practices and a stimulus Lo the development of new and 
beuer melhcxls. 

The Editor 

iv 
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Factors Influencing the Durability of Ferrocement 

o. Alexander* 

Corrosion of the ferrocement mesh has affected several ferrocement structures. A 
knowledge of the factors influencing the durability of ferrocemcnt is indeed vital. Jn this paper, 
the durability factors for reinforced concrete are first presented. Based on the discussion of 
reinforced concrete durability, the factors influencing the durability of ferrocement are set forth. 
The behaviours of reinforced concrete andferrocement with regards 10 the phenomenon of durability 
differ only in the degree of protection provided by their assembly. The superior resistance of 
ferrocement to invading acid ions and gaseous col is probably due to the use of galvanized 
steel.fine grained well-graded sands, low water cement ratios, chemical neutralization by the 
alkalinity of rich mortars, and to compaction which is readily obtained as a consequence of the 
reduced mass of theferrocement. In contrast, reinforced concrete uses coarse aggregate which 
makes void filling more difficult. lower cement ratios which may reduce the alkali content and 
greater mass which within the limits of economic constraint makes the probability of full 
compaction less likely. 

INTRODUCTION 

As a consequence of lhc importance of reinforced concrete as a structural material, there is a 
large number of analytical and U1corclical work supporting protective measures which are 
singularly directed toward the reduction in penneability of the concrete with the chosen 
thickness of cover reflecting the degree of permeability of the concrete. 

Because of the great disparity in thickness of cover in reinforced concrete and in 
fcrrocement, there are some arguments lhaL fcrrocement differs from reinforced concrete in 
its behaviour. However, the constituents of bolh composiLes arc identical and iL is likely that 
they differ only in the degree of protection provided by their assembly. The superior resisLance 
Of ferrocemenl lO invading acid ions and gaseous C02 is probably due lO the USC of galvanized 
slcel, fine grained well-graded sands, low water cement ratios, chemical neutralization by the 
alkalinity of rich mortars, and to compaction which is readily obtained as a consequence of the 
reduced mass of the ferrocement. In contrast, reinforced concrete uses coarse aggregate which 
makes void filling more difficult, lower cement ratios which may reduce the alkali content and 
greater mass which within the limits of economic constraint makes Lhc probability of full 
compaction less likely. 

This paper oullines lhe practice of using thick covers in reinforced concrete because of its 
much wider and longer-Lenn use Lhal gives a greater insight into lhe phenomenon of 
durability. Based on lhe durability of reinforced concrete, the resistance of fcrroccment against 
corrosion is discussed. 

• Principal, Alexander and Associaics Consulting Engineering, Auckland, cw z.c.aJand. 
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DURABil..ITY FACTORS FOR REINFORCED CONCRETE 

The model used in considering the structure of reinforced concrete contains pores and capillary 
channels which provide routes for the diffusion of moislure and gases, and for acid ions carried 
by the moisture. When the acid ions reach the steel. the condjtion for corrosion exists but the 
severity of auack will depend on the concentration of ions and the presence of oxygen. The 
ingress of moisture generally comply with Ficks Law of diffusion, but the diffusion of ions and 
gases arc probably more tenuously related. However Weyers and Cody [ 11 contend that the 
diffusion of chloride ions also complies with Ficks law. 

The different rates of diffusion of C02 and chloride ions in the presence of water and the 
arrest of C02 by the neuiralisation process indicate that physical and chemical conditions 
impede diffusion. Jn the case of col the higher capillary force of water results in preferential 
pore filling by water and impedence of C02 diffusion. It is noteworthy to mention that the greater 
mobility of the chloride ion is observed in a sharp rise in concenLration of chloride ahead of the 
carbonation front followed by attenuation (2]. 

Whjle the high concentration of hydroxyl ion is shown to neutralize C02 L3 J, the r<:action 
wi th the chloride ion is obscure. Browne [2] stated that hydrated cement provides a 
reservoir of alkali to "mop up'' penetrating chloride but Mehta and Gerwick [4J asserted that 
there is no change in pH in the presence of the chloride ion which is generally assumed LO 

dcpassivate the insoluble oxide film on Lhe steel by mechanisms not yet established. They stated 
that the diffusion of moisture persists while capillary channels exist. but that diffusion of 
chloride ions is impeded when the channel space rails below a critical widLh 14 l. Browne 
stated Lhat s.iJanes line, the capillary channels and pores inhibil Lhe ingress or the chloride 
ions which confirms that diameter is important in I.he diffusion process [2J. IL is considered 
that Lricalcium aJuminatc reacts with chloride ions LO form an insoluble precipitate which 
must further block diffusion [5]. 

The above effects could be monitored by measuring the difference between the moisture front 
and that of the chloride but present permeability determinations are not designed to evaluate 
I.hem. The influence of permeabili ty is clearly recognised by certain codes of practice, viz. 
BS 8110, but only in terms of grades of concrete which assumes that the permeabili ty 
decreases progressively with increasing sLrength of the concrete. Thus durability is primarily 
defined in terms of permeability. 

The basis of these assumptions has been clearly established for the major factors influencing 
durability and emanates from the proposiLion that concrete reaches maximum strength when it is 
void free (6]. Thus plots of strength versus degree or compaction and the use of void fillers 
such as polymer, silica fume, globularized fats, etc. show similar beneficial relationships. Curing 
under water greatly improves the impermeability of surface layers (71 but accelerated curing 
increases porosity L4J. 

The factors affecting durability arc as follows: 

1. Influence of hydroxyl ion concentrations using different cement Lypcs. 
2. Influence of hydroxyl ion concentr:uion due LO different cement contents. 
3. Incidence of capillary voids at different water LO cement ratios. 
4. Effect of compaction intensity on permeability. 
5. Influence of curing cycles on permeability. 
6. Effect of sil ica fume on void filling. 



JowrNJl of Ferroce~ni: Vol. 19. No. J, Jwly 1989 217 

7. The effect of the cricalcium aluminate content. 
8. Polymer additions to concrete. 
9. Effect of surface coatings including penctrant-lypc solutions (e.g. silanes). 

10. Cathodiz.ation. 
11. Temperature effects. 
12. Protective coatings on reinforcement 

The many [actors which affect the corrosion susceptibility of the steel underlines the 
complexity of the problem of specification. A relatively simple solution would be to specify 
mandatory permeability teslS to be carried out aft.er completion of the structure. The tests 
would be specific not only for moisture but also for harmful agents carried by the moisture. 
Some care would be needed to ensure that such tests represented real conditions. For instance 
in a series of diffusion tests carried out [7]. it is observed that employing a 7% col pressurized 
gaseous atmosphe.re and a 60% relative humidity, col penetrated 15 mm into the ferrocement 
specimens over the nine week period of the accelerated testing. It could be argued that the 
comparatively dry conditions used in the t.csts permitted deep carbonation which, in the 
absence of moisture, would not lead to corrosion. If, however, moist conditions existed, then it is 
likely that col would be precipitated as carbonate effectively stopping diffusion of col to the 
depths recorded. 

REPORT ON LONG TERM EXPOSURE OF FERROCEMENT SPECIMENS 

Before proceeding to the discussion on the durability of ferrocement, report on the 
examination of experimental test plates after a 10.4 year exposure to weather in a moderately 
severe coastal zone environment is given. 

The experimental plat.es, cast to explore the properties of high tensile wire reinforcement in a 
5% fibre mortar, were used in a flexural test [8]. Plain and galvanized wire reinforcements, 
2 mm and 2.5 mm respectively, were laid up in layers at 25 mm spacing bcLween wires. The 
concrete compressive failure stress of the plat.es was between 48 MPa and 54 MPa They were 
deflected to a constant point loading and after unloading showed crack spacings of 18 mm-22 mm 
and crack widths of approximately 0.05 mm which are generally sub-visual except when wetted. 
A few wider cracks with a width of 0.07 mm to 0.13 mm occurred in the vicinity of the load 
points. Although the material differs from mesh reinforced ferrocemenl its physical behaviour is 
similar and it is considered that it would reasonably model the corrosion behaviour of the mesh 
form. 

Examination Procedure and Results 

The plates selected for examination were locally pulverized to expose the reinforcing st.eel 
and fibres in the region of cracks. Observations were carried out in three such regions. 

Region 1 - where crack width > 0.07 mm occurred. 
Region 2 - where crack width > 0.05 mm occurred. 
Region 3 - where no cracks were observed. 

The results of the examination arc given in Table 1. 
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Table 1 Results of Crack Examination. 

Plate 1 2 mm plain HT wire; 3 mm cover 

Zone 1 Corrosion observed at intersections with crack width > 0.07 mm; pitting had 
commenced. 

Zone 2 Incipient corrosion observed at the sites of fine but visible cracks. No visible 
corrosion observed in sul>-visible crack zone. However, on re-examination four 
weeks later, fine line marking had occurred on the lines of fine cracks adjacent to 
the coarse crack wne. These markings showed Liule corrosion in contrast to the 
rest of the wire where rusling had occurred due Lo exposure Lo the atmosphere. 

Zone 3 No visible corrosion. No differentiation on re-examination. 

Plate 2 2.5 mm HT galvanized wire; 3 mm Lo 4 mm cover 

Zone J One single pit type corrosion observed on one wire in a crack width > 0.11 mm 
zone. No other corrosion observed in this coarse crack zone but on re--examination 
four weeks later, slight line corrosion was observed under Xl5 monocular 
magnification where the crack intersected the wires. It can be assumed that the 
galvanized coaling at these points had been largely consumed during the 10 year 
exposure. No markings were observed in less-width coarse cracks. 

Zone 2 No auack observed either visuaJly or on re-examination with X15 monocular 
magnifier. 

Zone 3 No attack observed. It was noted that the sample plates and all other plates had 
their fine cracks filled with a while substance. At 5 years exposure this effect 
was not noted and plates then had to be wetted to distinguish the cracks. Short 
sections of unfilled crack were locatable with XIS magnification. 

Wire-fibre The ungaJvanizcd wire fibres were totally uncorroded in aH pulverized samples 
up to near surface (1 mm) locations. lt was not possible to examine fibres from 
the crack zone but it seems certain that some corrosion would have occuncd in 
crack sites. As the plate no. I carrying plain HT wire showed the same characteristic 
absence of corrosion, it seems cathodic protection was not a fac tor. 

The conclusions drawn from the observations are: (1) Corrosion attack appears Lo be 
limited to crack zones. (2) Galvanized wire is significantly superior to plain wire in crack sites. 
The author reported further durability observations on warped plate tanks (9] some of which have 
now been 10 years in service. These tanks have a 22.5 m:i capacity and are formed (after curing) 
from 10 mm thick high Lensile wire reinforced fibrous ferrocement plates. When formed into 
tanks the plates show a pattern of just-visible cracks completely around !heir outer surface at about 
18 mm spacings. Destructive 1.esting has not been possible but the tanks show no distress. 

DURABll..JTY OF FERROCEMENT 

Based on the discussion on durability of reinforced concrete, I.he protection of Lhe steel is said 
to result substantially from the degree of irnpenncability of the concrete which in tum has been 
related to the compressive strength of the material. 
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The main line of defence against corrosion in concrete is the provision of substantiaJ covers Lo 
the steel. although in many codes these decrease with decreasing permeability measured in terms 
of compressive strength. These covers remain substantial. 

With ferrocement, covers arc minimaJ, usually between 2 mm to 4 mm. While the pcnncabiliLy 
of fcrrocement may be relatively low when well graded sand, high cement content and low water 
ratios arc used in conjunction with good compaction, evidence does not show Lhat these requirements 
arc effective in reducing the long term diffusion of moisture, col or chloride ions to depths below 
Lhan that of the usual 2 mm to 4 mm of cover. 

A study on depth of carbonation [7] shows that C01 pcnclration reached deplhs of 5 mm to 
15 mm for a fifteen year equivalent exposure with the lower figure applying to specimens with 
coated surfaces. 

Despite this. there is widespread evidence of long Lenn durability of ferrocemcnt. The 
results of a ten year examination of cracked Lest plates discussed earlier showed no deterioration 
in sub-visual crack zones or uncrackcd zones of specimens containing galvanized wire. 

This does not imply Lhat all fcrrocemcnt structures are durable. The result of an 
examination by Trikha et al. (10) on sevcraJ ferroccmcm structures showed substantial corrosion 
of the fcnocemcnt mesh. However, even in these cases the reduction in strength was of the order 
of 1 1/2% per annum from which it was concluded that the effective life on the structure 
would ext.end well beyond a liftccn year term. 

One of the difficulties of adopting permeability criteria is that testing is normally carried out 
on uncrackcd sections which m3y serve the monitoring of reinforced concrete; but fcrrocemcnt is 
designed cracked and exhibits a multiplicity of cracks when subject to working stress and should 
be tested in this state unless cracks are shown to have liLLlc influence on corrosion performance. 

For reinforced concrete, Bccby (11] suggested that cracks are not a dominant factor in corrosion, 
but Mehta and Gerwick (4) showed that crack development contributes to corrosion susceptibility. 
Brozent ct al. (12] showed !hat a marked increase in diffusivity occurs with cracking while 
the examination of test specimens after the Len-year exposure reported earlier in !his paper 
showed corrosion of ungalvanized wires to be confined to Lhe crack zones, and of gaJvanized 
wire to the coarse crack zone. 

It has been shown [13J that in prestrcssed slabs, corrosion is virtually non-existent in crack 
width less than 0.05 mm and non-existent in uncracked zones wilh 50 mm cover when subjected 
to cyclic exposure to salt solutions. 

In the context of relative immunity to corrosion, there are two important differences between 
reinforced concrete and ferrocement 

I. The reinforcement in ferrocement is historically galvanized, although the ACI Committee 
549 docs not make this mandatory and suggests it is not necessary in cement rich mortars. 

2. With fcrrocemcnt lhe mortar is cement rich and will therefore have greater reserves of 
alkalinity. 

Evidence of the effect of pH is confusing but Hope and Ip [14] suggested that lhe pH is 
not affected by the chloride ion concentration. However despite this experimental evidence, it 
Is unlikely depassivation of the steel would occur without a drop in pH [14). 

The part the hydroxyl ion concentration plays in lhe reaction between chloride and tricalcium 
aluminatc to fonn an impermeable precipitate bas not been fully established. The product of this 
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reaction should provide some blocking of pores. 

This latLer effect is obviously ineffecLual in reinforced concrete but Lhe finer capillary and 
pore sLructure of ferroccmcnt may pcnnit this function. The apparent deep penetration of C01 in 
f errocement [7) would not appear to support this thesis but the observation of that study may be 
invalid in the general case as the infusion of C0

2 
was carried out in dry conditions. 

It is stated (15,16] that the strongly calhodic protection afforded by galvanized surfaces 
causticizes the wire environment precipitating chlorides as chloro-aluminate salts. 

ln seeking an explanation to the comparative immunity of ferrocement to corrosion, the 
evidence shows that although chloride and col will penetrate to depths below the level of the 
reinforcement, they may not activate corrosion unless oxygen coexists. There is also evidence 
that corrosion in narrow cracks docs not proceed because of an absence of oxygen [12) although 
this absence does not seem likely at the shallow sites of cracks intersecting the steel reinforcement. 

IL may be conjectured that al the boundary of the mortar surrounding the steel reinforcement, 
the diffusion characteristics are innuenced by chemical reactions arising from the onset of galvanic 
activity. 

The rationale of this layer lies in the much grcatcr volume of influence created by the fine 
subdivision of the reinforcement in comparison to that of reinforced concrete. Thus fcrroccmcnt 
may consequently contain a greater quantity of reactive material of a type that promotes pore 
blocking. This function could also be invoked extraneously by the addition of globularized faLS, 
silica fume, polymers, etc., but these substances are ineffectual in arresting corrosion in crack 
zones. Where galvanized steel is used the cathodic nature of the coaling may create a caustic 
plenum lO the shallow reinforcement which would be evident at crack siles as well as internal 
sites. A study [14] concludes that once chlorides have depassivated the oxide film , the pH at 
the steel surface drops to between 5 and 9, leaving the system open to ongoing corrosion. This 
may not occur if a high concentration of hydro(l(yl ion is built up in the crack zones by the 
cathodic action of galvanizing. Of interest is the observation that the fine cracks in the specimens 
reported earlier are now extensively filled with a white deposit which is probably the symptom of 
the often reported autogenous healing of cracks in ferroccment structures. 

CONCLUSION 

1. One mechanism accounts for the protection of the steel reinforcement in fcrrocement. 
Evidence however suggcsLS that chemical and electro-chemical protection rather than physical 
auenualion of diffusion by depth of cover as in reinforced concrete, is the dominant mechanism. 

2. The use of fine grained mortar designed to reduce the dimensions of the pore and capi llary 
channel spaces should be maintained together wilh other devices assisting this process such as low 
water-cement ratios, thorough compaction in order to render the interslilial spaces more susceptible 
to pore blocking processes and a moist curing regime. 

3. A chemical environment conducive Lo neutralization of acid radicals entering the system 
should be employed. This is best accomplished by high cement content but the actual ratio will 
depend on the fineness of the sand used. ACI Commiuce 549, recommends a sand-cement ratio of 
1.5 to 2.5. The composition of the cement may need to be specified in tenns of available calcium 
and t.ricalcium aluminate content in which event, cemenLli suitable for use in reinforced concrete 
may not be appropriate to ferrocemenL The literature generally indicates the beneficial effect of 
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the chloride alkali reaction but Lhe aulhor is unaware that Lhe concentrations needed would in any 
event be related to the magnitude of Lhe porosity and Lhe channel occurring in the concrete. 

4. Despite the evidence of protection of near surface fibres it may be that neither the fibre 
(where used) or reinforcement wires are immune to attack in a crack zone when the steel is not 
galvanized. It can be concluded that insufficient hydroxyl ion is mobilized in these zones to afford 
protection by passivation. 

5. ACl Commiuee 549 recommends that cracking be limited to 0.05 mm width for outside 
exposures and to 0.10 mm for internal exposures. The evidence for Lhe effectiveness of the former 
limit appears established but the permissiveness of Lhe internal exposure limit has not been 
established in this review and has had doubts cast upon it [7]. 

6. Tl is not thought that devices such as polymer impregnation, or coatings, or surface 
impregnations by silanes would be effective in protecting the reinforcement if corrosion attacks at 
crack sites. The author's observations on coatings, especially elastomers such as chlorinated 
rubber, show fracture failure over time across bolh the visible and sub-visible cracks in the 
ferrocement 

7. 1n many cases sealing of cracks can occur autogenously. Sealing can also be achieved by 
the use of impregnating solutions such as Protectasilane [17] after they have developed. 

8. The introduction of pore filling substances, such as globularized waxes, silica fume, etc. in 
the event Lhat corrosion via cracks predominates but is prevented by subsequent crack sealing 
devices, contributes to an extended life. Neither device may be necessary. 

9. The line subdivision of the steel reinforcement in ferrocement may create a much larger 
effective volume of boundary layer than that surrounding the large diameter rods used in reinforced 
concrete and could contribute Lo the greater chemical protection apparent with ferrocement. 

REFERENCES 

1. Weyers, R.E., and Cody, P.D. 1987. Deterioration of concrete bridge decks from corrosion of 
reinforcing steel. Concrete International 9 (Jan.): 15-20. 

2. Browne, R.D. 1988. Dumbility of reinforced concrete structures. In the Pacific Concrete 
Conference, 8-11November1987, New Zealand. 

3. Cusens, A.R. 1985. Corrosion of ferroccment. Journal Ferrocement 15(4): 365-370. 
4. Mehta, PK. and Gerwick, B.C.,Jr. 1982. Cracking corrosion interaction in concrete exposed 

to marine environment. Concrete International 4(10): 45-51. 
5. Hope, B. B., and lp, A.KC. 1987. Corrosion of steel in concrete made from slag cement. 

ACT Materials Journal 84(6): 
6. Neville, A.M. 1979. Essentials of strength and durability of various types of concrete with 

special reference to sulfur. AC/ Journal, Proceedings 76(9): 973-996. 
7. Nagataki, S.; Mansur, M.A.; and Ohga, H. 1988. Carbonation of mortar in relation to 

ferrocement ACI Maierials Journal 85(1): 17-25. 
8. Atcheson, M.; and Alexander, D. 1979. Development of fibrous fcrrocement- Ferrocement. 

In Materials and Applications SP61, 81-101. Detroit American Concretelnstitute. 
9. Alexander, D. 1982. The rolling of ferrocement plates: An innovative technique. Concrete 

International: Design and Construction 4(1): 48-51. 
10. Trikha, D.N.; Sharma, S.P.; Kauskik, S.K.; Sharma, P.C.; and Tiwari, W.K. 1984. Corrosion 



222 JourMI of Ftrrocunen.t: Vol. 19, No. 3, July 1989 

studies of ferroccment structures. Journal of Ferrocement 14(3): 221-233. 
11. Beeby, A.W. 1980. Concrete in the Oceans, CIRJA/VEG Technical Report No. 1, Cement 

and Concrete Association, Wexham. 
12. Brozent, Z.P.; Senior, S.; and Kim, S.K. 1987. Effect of cracking on drying permeability and 

diffusivity of concrete. ACT Materials Journal 84(5): 
13. Breen, E. 1987. AC/ Materials Journal 84(4): 
14. Hope, B.B., and Ip, A.K.C. 1987. AC/ Materials Journal 84(4): 
15. Rehm, G. and Laemmke, A. 19??. Corrosion Behaviour of Galvanized Steel in Cement 

Mortars and Concrete (Translated from German), Institute for Baustoffkundc and Stahlbet.onbau 
der Technischen Universitat Braunschweig. 

16. Martin, H., and Rauen, A. 19??. Investigations of the Behaviour of Galvanized Reinforcement 
in Concrete, Technische Uoiversitat Muchen. 

17. Ciba Geigy. 1988. Protectasilane-Trade Pamphlet. 



Jo11rNJJ of F~"«~m~f!J: Vol. 19. No. 3 , Jw/y 1989 223 

Ferrocement Fishing Boat 

Oemar Handoyo• 

The demand for fishing boats to strengthen the growth of offshore fisheries is increasing, 
as a result , there is a need to identify alternatives to wooden boats. The DTC-ITB has 
developed six types of ferrocement boat to answer this need The ferrocement ft.Shing boats 
developed l7y DTC-ITB did not only serve as an excellent alterrwtive to wooden boats but the 
ceclmology is also found to be appropriate for the lndoriesian Developmenc Plan. 

INTRODUCTION 

Development Technology Center (OTC), lnstitul Teknologi Bandung (lTB) has undertaken 
development research on ferrocemenl fishing boal since 1974. Six types of boat have been 
developed up to a total capacity of 22 000 kg (22 tons). The field applications of various 
type or boats, construction materials and method of consLruction was developed in the preceding 
years. The objectives are lo answer Lhe need for fishing boats that will strenglhen the growlh of 
offshore fisheries in Indonesfa and to jdcnlify an alternative to wooden boats. DTC-ITB 
developed prototype that can equal the seaworthiness and the safety of wooden boats and can 
promote the government program on preservation of natural environment. 

The recent industrial development in Indonesia made all constituent materials for fcrroccmcnt. 
locally available, as they arc produced in Indonesia. 111e simple construction method of the 
fcrroccmenl fishing boat make the development scheme feasible. Local manpower can easily 
be trained for lbe construction. The technology is appropriate for Lhe Indonesian Development 
Plan. Based on those reasons, DTC-JTB developed the ferrocement fishing boaL as an alternative 
to wooden boat. 

FERROCEMENT FISHING BOAT 

Technical Details 

The following is the technical description of the boat adapl.Cd by DTC-ITB (Fig. I): 

Overall length 
Width 
Freeboard 
Height 
Net height 

12.38 m 
2.70m 
0.67 m 
JJ6m 
4.38 m 

• Research Staff, Development Technology Center, lnstitut Tcknologi Bandung. Jalan Gancsha 10 Bandung 
40132, Indonesia. 
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Hull thickness 
Longitudinal steel reinforcement 
Cross-sectional st.eel reinforcement 
Hexagonal wire mesh 
Frame reinforcement 
Deck reinforcement 
Sand 
Cement-sand ratio 
Water-cement ratio 
Mortar crushed strength 
Engine 
Normal speed 
Maximum speed 
Cargo load 
Classification 

Afr h9ht chamber or. 
floollnq cl'lombtr 

GU ntt cnomber 1 space 
for 30 P<• of n•t1 ', 

OpefttftC) tor net operoHon 

' Well ln1ulo11e1 lu bO( 

fO< fllh llOfOQt \_ 

~ . 
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25.4 mm 
6 mm diameter 
3.2 mm diameter, 100 mm spacing 
0.6 mm diameter, 12.7 mm opening, 8 layers 
9 mm and 6 mm diameters 
6 mm diameter, 50 mm spacing 
conform to ASTM C33-74a 
1:1.75 by weight 
0.35-0.40 
540 kg/cm2 (52.97 MPa) 
Diesel 23 HP (Yamaha ME 120.H) 
6.5 knOlS 
8.5 knots 
3000 kg (3 tons) 
Indonesia Classification Bureau (BKl) 

------ CO'!t1Nov1 MUI Of\G 
Cit(\ tlr11Ch;r1 

Fig. I. Ferrocemcttl fishing boat dc$ign adapted by ITM. 
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Fig. 2. The completed annature. Fig. 3. The canpleted hull 

Construction Proceedures 

All drawings and specifications were prepared at DTC-ITB. The boat was constructed 
without using mold (Fig. 2). The first step is to fabricate the frames according to the full size 
drawing. When all frames have been fabricated they are then set up in their correct positions. 
Welding of the frame needs considerable care to ensure that the finished frame does not get 
distorted. Then four layers of mesh is tied into both side of the frame. 

Plastering of the hull and the deck is done in two stages (Fig. 3). This simple method avoid 
the need for heavy equipment and will allow the use of local manpower. Fig. 4 shows the 
relation between hull length and manhours needed. 
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Fig. 4. Manhour relationship to the hull length. 
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Fig. S. Cost of hull as function of length. 
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Table 1 Economic Analysis. 

Number of nets (pieces) 
Engines 
Design life (years) 
Investment cost (Rupiah•) (boat, engine, net) 

Catch per year (ton) 
Gross revenue per year (Rupiah•) 
Operational cost per year (Rupiah•) 

Net present value (Rupiah' ) discount rate 10.4% 
Internal rate of return(%) 
Repayment period (years) 

• USS 1.00 = Rupiah 1670 

Ferrocemcnt 
boat 

30 
diesel 
10 
18 900 000 
47.0 
15 600 00 
10350 000 
6 900 000 
19.0 
3.5 

Wooden boat 
Small Big 

20 
bensin 
3-6 
5 000000 
19.5 
7100000 
5 500000 
650 000 
15.5 
5.0 

30 
diesel 
6 
15 800 000 
47.0 

15 600 000 
10500 000 
3 250000 
17.0 

3.5 

Table 1 shows the economic analysis between a fcrrocement boaL and wooden boats. The 
analysis is based on a fishing boat using gill net and on prices in February 1983. Fig. 5 shows the 
cost of hull of different materials as a function of length. 

CONCLUSION 

The ferrocement fishing boats developed by DTC-ITB has been successfully used for fishing 
with gill net, fishing trap and trawl (Figs. fr7). The 22 tons (22 000 kg) ferrocement 
fishing boat, launched in June 1982, is in operation up to the present time in the South Java 
Sea and West Sumatra Sea (Figs. 8-IO). No problems have been reported. 

Fig. 6. Some ferroccmcnt fishing boaLS made by DTC­
ITB. 

Fig. 7. The seventh boat constructed by DTC-ITB. 
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Fig. 8. Launching preparations at Pelabuhan Ratu, Wesl 
Java. 

Fig. 9. The Samiaji during the fishennen's day. 

I 

Fig. 10. The founh boal made by DTC-ITB. 
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Ferrocement Floating Docks: 
A Solution for the Marina in Cayo Largo del Sur 

R. Pajon Brache• 

An economical solution for the construction of light berths for pleasure crafts is described. 
This solution as applied to Cayo Largo def Sur, more than JOO km far from the main Island of 
Cuba, increases in importance since it greatly reduces the transportation volume of construction 
materials in relation to the traditional berths. Some consm1ction details, the general dimensions 
of the facilities, and the harmonization of the structures with the environment are shown. 

INTRODUCTION 

The Cuban tourist development includes the increase and diversification of facilities for Lhe 
reception and attraction of tourists. 

With Lh.is objective, a hotel infrastructure is being constructed in Cayo Largo del Sur, a 
Cuban key whose geographic position, waler transparency, and beautiful beaches offer 
excellent conditions to develop a marina alJowing the berthing of many pleasure craft sailing near 
it (Figs. 1-2). 

2•"---11---------'-------1------+---------'f-----

. 
8" a2° so· 16 

Fig. I. Map of Cuba. 

• !lead or Design Team, Marine Works Dcpanrncnl, Design En1erprisc for Transport Works, P.O. Box 00, 10100 
l lavana, Cllba. 
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MARINAS 

The world Lrcnd in these facilities was conceived with a large number of berths, where. 
many services are to be supplied: waler, eJecLricily, fuel, food, maintenance, minor repai rs. 
nautical acuviues, etc. Currently the most advanced construction technology uses 
floating plastic pontoons, or floating reinforced concrete boxes. And for long time now. 
designers of these facilities have already abandoned the idea of traditional berths with piles. 

PROPOSED SOLUTION 

The commonly used traditional bcnh structures, forming part of 1.he Cuban consi.ruction 
practices, do no1. guarantee the beauty and all.raction required in a tourist area. Furthermore, 
Cayo Largo del Sur is very far from the main Island of Cuba, and consequently all 1.he 
construction materials arc to be carried by ship. Hence it is necessary lo reduce volume~ and 
weight in transportation, so as to reduce the cost of the works being executed. 

Each traditional 10 m berth prccast reinforced concrete or steel piles and cast in situ reinforced 
concrete beams consumes more than 8.0 m3 or concrete and 8 piles wilh 10 m- 12 m length; in 
addition, Lhe equipment and workforce necessary lo carry out t11c activities of pile driving, calling 
and levelling, assembly of form work, positioning of steel and placing of concrete, arc all done 
wit11 floating equipment. This technology when used in Cayo Largo del Sur turns to be 100 

difficult and expensive; the execution of only one berth would cost more t11an 1000 Cuban 
pesos. 

Floating structures with fcrroccment pontoons use only 1/4 or the materials and need only 2 
piles for each 10 m of berth. These piles arc simpler than those traditional ones, and 
conscquenlly of lower cost and consumption of materials . 

• Fishing 

!:::. Founo ob1ervollon• 

0 Nauticol oc11viHe1 

!:::. S uboquolic oetlvltiu 

• 

• 
• • 

Cayo Largo def Sur 

fig. 2. Map of Cayo Largo dcl Sur. 
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Fuel ber th 

Coostol lin• 

Topoorophy 

Fig. 3. Topographic map of the marina. 

The general solution embraces the perimelral area of the marina, such that the natural 
coastal environment is not disturbed (Fig. 3). For that purpose a sidewalk covering the 
retaining structure is foreseen; its front is to be filled in order to shape the slope resulting from 
the dredging in that area. 

The berth access is through a footbridge supported on the sidewalk and on the first pontoon. 
The details of the ferrocement slab for the pedeslrian pavement are shown in Figs. 4- 7. 

Highway sonorous bond 

Ditch Walkway Lone Lane 

1. 1eoo.1. 3000 .1. 3750 .1. 3750 

Maximum values 

Fig. 4. Tranvcrse cross-section of the roadway. 
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Fig. 5. Plan of lhe sonorous band. 

2 loyers o' 
hu a9onol wire 

m11h 25 mm 

open•nQ and I rnrn 

thl<• 

) 0 

Section 1-1 

Fig. 6. Dimensions and detail of 1he sonorous band. Fig. 7. Dei.ails through section 1-1 . 

110 

The undoubted ease of execution and low cost of ferrocemem berth, along with the possibilities 
to obtain a better finish, assures that a marina in Cayo Largo del Sur could be built and wiU 
attract the attention of all visitors (Figs. 8- 9). 
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Fig. 8. Plan for the marina. 
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Fig. 9. Details of the marina. 
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CONCLUSIONS 

Ferrocemcnt berths to be used for sport or tourist facilities offer the following advantages: 

1. Lesser consumption of materials. 

2. Easier execution. 

3. Lesser use of floating equipment and skilled labor. 

4. Better aesthetic and finish possibilities which allow greater harmonization with the 
environment in which they arc being developed. 

5. More versatile and do not require extensive gcotechnical studies. 

6. Possibility to develop and to enlarge this technology to be used in other nautical facilities. 
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Ferrocement Sheeting for Steel Hull 

Do Kien Quoc* 

A new technique using ferrocemefll for lining steel hull is presented. The conslrur.Jion 
procedures in 1realing a steel vessel wilh corrosion problems is described, as applied to a 20 m 
long and 5 m wide steel vessel i11 Vietnam. It was shown that this me/hod is economically 
feasible and could also be employed to wooden vessels to protect them from the awu;k of 
shipworms. 

INTRODUCTION 

Majority of fishing vessels in Vietnam are made of steel. Working LO the envtronment of sea 
water, the hull thickness is reduced rapidly due to corrosion. The thickness reduction may be as 
much as 3 mm in some parlS of the hull. Usually 20%- 30% of the hull area must be replaced 
by new steel after one year of operation as il becomes too thin LO be safe. This repair is costly 
since steel is not locally produced in Vietnam. 

A new technique using ferrocemem for lining a fishing vessel of 20 m length and 5 m width 
was first tried in May 1988. 

FERROCEMENTTREATMENT 

The steel hull was lined by fcrrocemcnt with a mean thickness of 14 mm on an area of 200 m2 

(Fig. I ). The fcrrcx:ement consisted of 2 layers of wire mesh I mm in diameter with opening 
I 0 mm x l 0 mm at both sides and a layer of skeletal steel bars 6 mm in U1c middle (Fig. 2). 

Fig. I . Cr~s·scction of the vessel. 

• Lectu rer, Polytechnic Univer"$ity of llo Chi Minh City, Vietnam. 
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14 6 

-F-tt 

fig. 2. Details of fefTQCClllent linlllg over the hull. 

The lining procedure was carried out as follows: 

1. The P'd.rts of the steel hull with thickness less than 3 mm were replaced by new steel with 
thickness 6 mm. Wire brush was used lo clean Ule steel surface. 

2. A wire mesh along the hull was applied and kept in the right position, then steel bars 
6 mm were attached along the mesh and welded lO the steel hull gradually. The procedure was 
repealed again for other meshes from upper to lower parts. The welding length of 15 mm was 
repealed at distance of 100 mm lO give sufficient bond bc1ween the ferrocement and the steel hull 
(Figs.:µ). 

6 mm dlomeler • :w":"• . .t'"' .. • 
100 

• • • •. • 100 

• • • • • • N • • 100 

• • • • • • • • • 
100 

a w s a a w w w w 

15 15 15 

# -+t ft t 100 + 100 l 100 l 100 LIOO L 100 f 
1 1 'I 1 

All dimensions 1n mm 

Fig. 3. Au.achmcnt of the finl wire mesh layer lo the hull. 

3. The second layer of wire mesh was applied over the skeletal s1ccl bars 6 mm and steel 
wires I mm were placed into the gaps between the bars and the hull to tie I.he meshes lO I.he. bars 
at distance of 100 mm. Mesh overlap was 80 mm. The Lies were flattened lO the second mesh 
layer (Fig. 5). 

For the treated vessel, the lime to finish the above steps was 20 days. 

4. Mortar was used to plaster the meshes. The application of mortar was divided into 
2 steps: mortar was applied fully to I.he level of the second mesh layer and then covered with a 
thickness of2 mm- 3 mm mortar finish. The total thickness of the ferrocement layer was 14 mm. 
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Fig. 4. The steel bars welded to the steel huJ I. 

foig. 5. The wire mesh in place. 

For the treated vessel, the mortar was designed to have sand-cement ratio of 1.7 and water­
eement ratio of 0.4 by weight. 

Plastering was finished in 15 days with four plasterers and two helpers. 

5. Water curing was done for a period of 14 days by keeping the treated surface fully wet. 

Cost of treatment was equivalent to USS 3.2/m2 (about 40% of the cost of the former 
procedure). 
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The plastering period was carried out under strong sunshine during summer, hence mortar 
became hard to work with due to quick evaporation of water. To make mortar more plastic, 
the plasterers added more water so the water-cement ratio was no longer 0.4 as designed. 
Excessive water caused gaps between mortar and the steel hull in some parts, and some very 
small cracks on the surface. These defects may reduce the waterproof ability of the fcrroccment 
layer. However, the vessel has been operating safely on sea since June 1988 with some 
local conosions that could easily be treated at sea. 

CONCLUSION 

The treatment is an alternative to deal with corrosion problem of steel vessels. It is 
economically feasible if the procedure is to be strictly carried out. This ferrocement 
treatment could also be applicable to wooden boats and vessels in order 10 protect them from the 
attack of shipwonns. 
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Ferrocement Vessels in China 

Editorial Group* 
Shanghai Ship and Shipping Research Institute 

Jlujiang Experimental Building Yard of Concrete Vessels 
Jiujiang Design and Research Institute of Concrete Vessel Engineering 

231) 

For over 1hree decades.ferrocemenl vessels have been widely produced and adopted in the 
People's Republic of China. /1s flcld of application has extended widely as well. Experimental 
researches have been conduc1ed 10 develop mechanized methods of cons1ruction of the vessel, 
due to the steac/y growth of production need. The modern production methods have improved 
the qunlity of the vessels. Several vessels. with their varying applications, arc presented in lhis 
report. These fcrrocement vessels have proved 10 be technically and economically 
satisfac1ory. 

INTRODUCTION 

The dcvelopmcnl, production and wiue adoption of ferroccmenL vessels in lhe People's 
Republic of China started in 1958. During 1.he pasL Lwo decades, its producLion scale has 
been growing steadi ly, and lhc number of shipyards has increased remarkably. Accordingly, 
its field of applications has cxLcndcd from rivers Lo lhe coast. At present. I.here arc four categories 
of fcrroccmcnt vessels available, i.e. agriculLUral vessels, Lransport vessels, work boats and 
fishing crafts. However, lhese boats arc now used for a variety of special vessels. 

A series of standard design for fcrroccmenL farm boats, for small ferroccmcnL coaster series 
and for inland transport vessels have been drafted LO mec1 the requirement of standardization and 
product series. 

B:iscd on experiment.al research, mcch:mized methods of consLrucLion have been 
developed. The mer.hods arc mechanized moulding, vibro-moulding wil.h inside and outside 
moulds, vibro-grouting wil.h dry and hard grouL, circular joints with anchored reinforcing bars, 
and hull assembly wilh prefabricated blocks. The modem production melhods have, conscquenLly, 
improved lhc qualiLy of the vessels. 

AGR ICULTURAL VESSELS 

In 1961, fcrroccment agricullural vessels was initialed in Changjiang Delta provinces. Al 
present, 20 provinces, municipalities and autonomous regions are capable of producing 
fcrroccmenl agricullural vessels. ln fact, in certain regions, fcrroccmenL boats have completely 
replaced wooden boats. 

There arc 100 types of fcrrocemem farm boaLs in production in China (Figs. 1-9). The most 
wu.lely adopted types arc lhe 1000 kg- 15 000 k~(l t- 15 L) manpowered farm boat, lhe self-

• 10 Lane 694 Ransongyuan Rd., Shanghai, China. 
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foig. I. An 8000-kg (8-ton), 12.67 m fannboat equipped 
with 12 hp engine and adjustable pitch propcUer, 
suitable for agriculture and transport. 

I 

foig. 3. A 5.75 m, 500 kg (0.5 l) river sludge boaL It has 
light hull and can be pulled by one man across 
field ridges. This is produced by vacuum moulding 
and is used in Guangdong Province. 

foig. 5. A 5000 kg (5 1) fann boat used in Shanghai. 

Journal of Ftrroct~nt: Vol. 19, No. 3, July 1989 

foig. 2. A dual purpose 12 hp fannboat suitable for 
irrigation and rural transport. 

foig. 4. A 15 000 kg (15 t) manual sailing boat in Southern 
China, suitable to transport agricultural products. 

Fig. 6. A 10 000 kg (10 t), 24 hp engine, ust:d in the 
waterways network of Zhejiang Province 
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Fig. 7. A 40 hp agricultural mg boat in Shanghai. Fig. 8. A 17.12 m, 20 000 kg (20 t) and 25 hp scl!­
propcUcd fann boat. 

Fig. 9. A 15 dwt, LWL 16.6 m, 13.26 km/hr speed and 24 hp engine, scl!­
propcUed fann boat popular in Fui.hou City. ll was produced by circular 
block method. 

propelled boats up to 40 hp for agriculLural transport, Lhe multipurpose agricultural vessels up 
to 60 hp and the irrigation vessel. 

TRANSPORT VESSELS 

Ferroccment transport vessels are classified into freighters, including self-propelled 
barges (Figs. 10-21), passenger ships (Figs. 23-26), tug boats including push boats (Figs. 21-30), 
ferries (Fig. 31), barges including liquid cargo barges (Figs. 32-37) and traffic boats (Figs. 38-39). 
The inland river barges are widely used throughout Lhe country. A 300 dwt fcrrocemcnt coastal 
freighter has been operating in coastal waters for 23 years. The hull of this vessel practically 
does not need repair. The hull is periodically examined and painted. 

To develop bigger transport vessels, prototypes were construcLed of 3000 dwt coastal 
freighter, 1320 hp tug boat and the 500-person passenger ship for Lhe Changjiang River. Based 
from this experience, ferrocement transporL vessels not larger Lhan 40 mare technically reliable 
and economically feasible. 
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Fig. 10. The cargo ship "Gutian", China's biggest coaster 
ferrocement vessel (99.1mLWL,14.S m moulded 
breadth, 8.1 m moulded width, S 773 000 kg 
(5773 t) in full load displacement and 13 
knot.s in speed) was in service in Fujian 
Province, carrying cargo (especially corrosive 
cargoes) between Chinese coastal harbors for 9 
years since 1975. The hull was built with large 
sized thin web framing and post tensioned 
prestrcssed deck. It was produced by sectional 
method of hull construction, moulding of 
high frequency vibro-grouling. 

Fig. 12. "Minhai No. 167" is China's first fcrroccmcnt 
coaster (38.85 m LWL, 7.4 m moulded breadth, 
3.7 m moulded depth, 330 dwt and 10 knots 
speed with a 306 hp main engine). The ship has 
been in operation for more than 22 years on the 
Fuzhou-Shanghai route and Xiamin-Hong Kong 
route. Its hull has not yet been overhauled and its 
anti-corrosion coating is still intact. 

~l ___.....__._I/ . . -

Fig. 14. "Zheciji No. 7" has ISO 000 kg (ISO t) payload 
capacity and is popular among operators. 
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Fig. 11. Since 1984, small cargo coasters (32 m length, 
2.25 m draught, 2.75 m depth) have been 
built in Fujian Province. At least 30 of this type 
have been completed and put into service. The 
ship is prefabricated in segment and then 
assembled. To assure the quality of the ship, 
mortar plas1ering of the entire hull is carried 
out under high frequency vibration. It is 
reported that the initial oost per dead ton weight 
of these ferroccment ships is 42% less than that 
of steel ships of the same tonnage. 

Fig. 13. The cargo ship "Zhchuangji No. 3" with 300 000 
kg (300 t) payload capacity, was constmctcd in 
accordance to the standard design CB3085-80 
promulgated by China Standardization 
Commission of Ship. 

Fig. 15. The 100 dwt coasting cargo ship "Dongying 
No. 6" operates in the coastal waters of Fujian 
Province on the Xiamen-Hong Kong route since 
1982 
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Fig. 16. The 17.1 m, 65 000 kg (65 t) dwt coastal sailing 
vessel with speed down of 10 knots was 
commissioned in Fujian and Guangdong Provinces 
in 1968. On July 1969 it went through a hurricane 
(No. 12 Beaufon Wind Scale) and heavy tidal 
waves for more than four hours. Its only damage 
was one loosen wooden bilge keel with the 
fcrrocemcnt hull left undamaged. The vessel has 
been operating quite well since then. 

\ 

Fig. 18. The ll5 000 kg (ll5 t) barge "Bcibo No. 17" 
operates in the coastal waters of Guangxi 
Province. 

Fig. 20. A 60 000 kg (60 t), 21.5 m LWL, 40 hp self­
propelled river barge in Guangzhou. 
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Fig. 17. An 85 000 kg (85 t), 24 m LWL, 40 hp self­
propelled dump barge in Hunan Province. It is 
hybrid structure of ferrocemenl shell with steel 
framing. 

Fig. 19. "Huaishanleng No. 1", a ferrocement refrigerated 
vessel built in Jiangsu Province, has 32.47 m 
LWL, 6.6 m moulded breadth, 2.8 m moulded 
depth and 16 km/hr speed. 

Fig. 21. "Chuangxin No. 101", an 80 000 kg (80 t) self­
propclled barge built in 1974 along the 
ferroccment ship series of Guangdong inland 
river, is capable of navigating alone or pushing 
a 120 000 kg (120 t) barge. The ship series 
consists of 120 000 kg (120 t), 50 000 kg (50 t), 
30 000 kg (30 t) and 20 000 kg (20 t) barges. 
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Fig. 22. "Wuhuo No. 34" is a 25 000 kg (25 t), 19.6 m 
LWL, 20 hp self-p ropelled barge in Anhui 
Province. 

Fig. 24. Passenger ship "Rongke No. 201" with 26.05 
LWL, 250-pcrson canying capacity was built in 
1966 and has been operating satisfactorily in 
Minjiang river, Fujian Province. 

Fig. 26. A 350-pcrson canying capacity boat built in 
Guangzhou in 1975. It is a hybrid structure of 
fcrroccrnent shell with steel r raming. 
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Fig. 23. A self-propelled and self loading inland river 
barge 31 m long built in Kuantung Province. 

Fig. 25. A 200-pcrson passenger ship "Xiake No. 4" 
has its external surface coated with cpoxy­
bitumen, an anti-corrosion painL It operates 
bctwen Xiamen and Shima, and also in Tongan, 
Fujian Province. 

.. 

Fig. 27. An 80 person capacity passenger ship, the 
"Shen hang No. 815", operates in Zhejiang 
Province. 
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Fig. 28. An inland river tug, "Changjiang No. 1014" with 
50 m length and 1320 hp, operates in Changjiang 
River. 

Fig. 30. A feroccmcnt tug operating in the Huaihe River 
in Anhui Province. 

Fig. 32. A 48.8 m car ferry, capable of carrying 12 trucks 
on deck, widely adapted in Changjiang River. 
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Fig. 29. "Ronggangtuo No. 203," a 15.4 m, 120 hp harbor 
tug. Built in 1958, it is the first ferrocernent harbor 
tug used in China and has been in operation in 
Fuzhou Port since then. Compared with wooden 
huJJ, the savings in repair cost for the fcrroccmcnt 
hull amounts to a sum enough to build another 
two similar tugs . 

Fig. 31. A 19.75 m inland river tug in Jiangsu Province. 

Fig. 33. A 35 m and 300 000 kg (300 t) payload capacity 
dual purpose integrated barge-<:apable of carrying 
both dry and liquid cargoes. 
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Fig. 34. A 120 000 kg (120 t) payload capacity pusher 
barge fleet in Xiangjiang River, Hunan Province. 

Fig. 36. A 30.5 m and 120 000 kg (120 t) payload capacity 
deck barge in Changjiang River. 

Fig. 38. A 110 000 kg (110 t) cargo barge featuring large 
hatch opening, operates in the inland rivers of 
Zhejiang Province and Changjiang River. 
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Fig. 35. A 300 000 kg (300 t) carrying capacity 
integrated pusher fleet in Ilubei Province. 

Fig. 37. A 180 000 kg (180 t) cargo barge, operates in 
the shallow river with cobble bed in Yueshan 
Region, Sichuan Province. 

Fig. 39. A patrol boat in the in land river between Soogjiang 
and Wusongkou. 
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WORK BOATS 

The ferrocement work boats in China include suction cutter dredger (Figs. 40-41) and 
floating cranes (Fig. 42). The applications of ferrocement work boats are still increasing. 

Fig. 40. A 16 m and 15 000 kg (15 t) inland river sailing vessel in the Minjiang River, Fujian Province. 

Fig. 41. A suction cutter dredger in the Minjiang River 
near Fuzhou City. 

FISHING CRAFI'S 

Fig. 42. A 168 m, 80 m'/hr output and 10 km/hr suction 
cutter dredger operating in Xiaoqing River, Jinan 
City. 

There are many types of ferrocement fishing crafts used both in fresh water and sea water 
(Figs. 43-45). During recent years, research work has been undertaken to optimize the ship 
structural design and improve construction technology. In practice, new types of hybrid 
structure are now being used. 
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Fig. 43. A 16.7 m, 29 KW (40 hp) and 3000 kg (3 t) Pig. 44. A 28.26 m LWL trawler operating in Fujian 
lifting capacity floating crane. Province. 

Fig. 45. A ferroccmcnt seine neuer in Taihu Lake, built according to its 
wooden prototype, capable of operating in strong wind (Beaufort Wind 
Scale No. 6). 

SPECIAL VESSELS 

On account of the merits of fcrroccment vessels, a variety of special vessels (Figs. 46-50) 
arc now in use which prove to be economically sound. These increase the diversified applications 
of fcrrocement. 

. ~· 

Fig. 46. A water supply vessel, in Xiamen-Gulangyu 
route for fresh water supply, with 160 000 kg 
(160 t) carrying capacity. 

Fig. 47. A (()() patlhlger yacht in Taihu Lake. 
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Fig. 48. A 25 m floating donnitory, accommodates 25 Fig. 49. A 12 m and 15 000 kg (15 t) sand dumper. II 
persons. canies and dumps sand and clay during 

river dredging operations. 

Fig. 50. A coating experimental vessel in Xiamcn. Fig. 51. A 50 m long, 25 m wide floating swimming pool 
in Wuming County, Guangxi Province. 

CONCLUSIONS 

FerrocemenL vessels have been in use in Lhe People's Republic of China for more Lhan 30 
years and iLS producLion scaJe has been growing sLCadily. The number of shipyards has increased 
remarkably and its applications have been exLCnded to many different crafts. These 
rerroccmenL vessels have proved to be LCchnically sound and cconomicaJly feasiole. 
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Ferrocement for Water Treatment Plant Ship 

Huang Youzhen* 

The technique of producing fresh water in cement ships has been developed in China since 
1970. These ships are referred to as waler treatment plant ships u11d they are used to supply 
fresh water to medium and small sized cities as well as large and medium sized industrial 
enterprises. The experience on the design and use of reinforced concrete andferrocemehtfor this 
rype of ship is discussed. 

It was concluded based from performance that ferrocement is suitable for small water 
treatment plant ships while reinforced concrete is goodf or bigger ships. 

INTRODUCTION 

ln China, vessels of reinforced concrete or fcrrocement have been built for I.he lust 30 years. 
Approx imately, 4000 thousand tonnage of all types of these vessels have been built. Many 
technical teams have been Lraincd to design and construct differcnl types of cement ships. 

In some medium and small sized cities and also in large and medium sizc<l induslrial 
enterprises, fresh water supply is a problem. The technique of producing fresh water in cement 
ships has been developed since 1970. 

These ships arc referred lO as water Lrcatment plant ships. The first 5000 t/d fcrroccmenl 
water treatment plant ship was built in 1977. In the past 10 years, 30 ships have been built with 
the abiliLy to produce clear drinki~g water from 2000 t/d to SO 000 l/d. These ships have the total 
capacity to produce about 400 thousand t/d. 

The advantages of water treatment plant ship over the same size terrestrial lreatment plant 
arc: non-use of arable land, compact cleaning technique and lower cosL About 80% of all 
waler treatment plant ships have been built with reinforced concrete and ferrocement. Steel 
hull is only used for ships operating on area of limited draft and rapids. Some ships arc hybrid 
sLructure of ferrocemem with reinforced concrete. 

THE WATER TREATMENT PLANT SHlP 

The wat.cr trcatmcm plant ship is usually rectangular in shape with fi xed berth during 
operation period. Two floors of superstructure are installed above the main deck, the principal 
floor of the vessel. An example of a water treatment plant ship is the 50 thousand l/d (Fig. 1) the 
biggest in China, buill in reinforced concrete by Ma An Shan Third Waterworks. The 
dimension of this ship is as follows: 

Overall length 
Moulded width 

• Senior Engineer, Changjiang Ship Design ln~titutc, China. 

82.00 m 
21.00 m 
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Moulded depth 
Draft 
Displacement 
Frame-space 
Deck height 

from main deck to upper deck 
from upper deck to topside deck 

Complement 
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3.70 m 
2.70 m 
4445 t 
l.10 m 

3.30 m 
2.80 m 
40 persons 

Fig. 1. "The 50 thousand l/d water treatment plant ship. 

The office rooms, laboratory, the mecling rooms, the galley, the mess room and accommodations 
are in the upper deck while the treatment plant is on the main deck. The treatment plant 
includes central control room, add-chlorine room, add-alum room, air compressor room, vacuum 
pump room, cleaning tanks and pump room. 

The pump room, containing the water pump, mud pump, wash-water pump, etc., should be 
located either in the middle of the main deck or at the ends according to the production 
technique and hull strength. It is, however, advisable to place the pump room in the middle to 
reduce I.he maximum peak value of the bending moment under full load. 

The two cleaning tanks, intake tank, lift room, three stage ferro-net, mixing pond, precipitating 
pond and filtering pond arc located on either side of the pump room (Fig. 2). 

Some details of the interior of the 50 thousand l/d water treatment plant ship arc shown in 
Figs. 3-5. The main hull and members of the 50 thousand l/d ship is of reinforced concrete, 
some secondary members of cleaning tank in fcrroccmcnt and superstructure in steel. The 
specification for the constituent materials arc: 

Design strength for concrete 

Axis anti-pressure strength limit 
Bending anti-pressure strength limit 
Ultimate tensile strength limit 

Ra= 17.2 MPa 
Rw= 21.6 MPa 
Re = 1.7 MPa 
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Fig. 2. General arr.mgemcnL. 

Control 
room Cl 0 

Cl 0 

Main dimensions 

Lenglh o. o. 82.00 m 

Moulded widlh 21.00 m 

Moulded depth 3.70 m 

Droll 2 .70 m 

Displacement 44445 I 

I. Tollel 

2 . Boiler room 

3 . Mon both room 

4 . Lody both room 

5 . Sloro11e 

6 . Vacuum pump room 

7. Air compressor room 

8 . Lift pump room 

9 . Duty room 
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Fig. 3. Main deck. 

Anti-break strength limit 
Modulus of elasticity 
Maximum crack width 
Reinforcing steel 

Class I No. 3 
Class II No. 16 

Fig. 5. Pump room. 

Design strength for ferrocement 

Mortar anti-pressure strength 
Wire mesh (Cold drawn low-carbon one, 

0.9 mm- 1.2 mm diameter) 
Ultimate tensile strength 
Maximum crack width 

Fig. 4. Pipes inside the hull. 

Rf= 2.1 MPa 
Eh = 29x 103 MPa 

0.1 mm 

Rg = 235.4 MPa 
Rg = 333.5 MPa 

39.2 MPa 

441.45 MPa 
0.05 mm 

The hull should be designed considering wave force. The beniling moment and shearing 
force should be determined under no load and full load conditions. The maximum bending 
moment should be calculated under the hogging conditions at no load and at sagging 
conditions at fuU load. For the 50 thousand t/d ship the maximum bending moment at no load 
hogging was 24.2 MNm and at full load sagging was 52.0 MNm. The maximum shearing force 
is 2.94 MN. The required number of steel reinforcement due to bending was checked 
according LO the third working stale of reinforced concrete beams. The strength of the 
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steel reinforcement for the deck and bottom were also determined considering hogging and 
sagging conditions. The steel reinforcement for the bottom board also include reinforcement 
for bilge stiffeners and longitudinal members. Reinforcement for sjde plate and longitudinal 
bulkhead were checked against longitudinal bending, shear stress, and waler pressure: and 
shearing sLrenglh along the longitudinal bulkhead and effect of local loads rcspccl.ively. The 
steel reinforcement of the main hull is shown in Table 1. 

Table I Steel Reinforcement of Main Hull. 

Thic~'TlCSS/ Steel reinforcement 
Location sec Lion Longitudinal Transverse 

Bouomboard 80 mrn 14of2mm Q @lOOmm 8of2mm <!> @lOOmm 

Deck 80 mm 8of2mm dl @ lOOmm 8of2mm q, @JOO mm 
individually individually 

Side Plate 80 mm 8 of2 mm <l> @ 100 mm 8 of2 mm $ @ 100 mm 
individually individually 

Bottom 130 mm x 320 mm 18of4 mm $ 18of2mm q, 
longitudinal frame (hooped reinfon.:ement 6 mm $ @JOO mm) 

Frame 130 mm x J OO mm 18of4mm <l> 18 of2mm $ 
(hooped reinforcement 6 mm <I> @ 100 mm) 

Deck 100 mm x 250 mm 16of4 mm O 16of2mm Qi 
longitudinal frame (hooped reinfc1Tccmcnt 6 mm <!> @ I 00 mm) 

Tc> improve working quality and reduce the berth period, prefabrication of specific 
members are recommended. The weight of prefabricated members should not exceed 9000 kg. 
The joints arc formed by overlapping outst.anding reinforcements. The length of overlap should 
not be more than 10 times the diameter of reinforcement. The prefabricated members arc: 
side board, deck longitudinals, all of longitudinal and transverse bulkheads, the longi tudinal and 
trnnsverse baffie plates of precipitating pond and filtering pond. The sections cast in si te are: 
bottom board and frame, deck board and longitudinal continual girder. 

Waterl.ighliless test was performed. The reinforced concrete has no problem. However, the 
cast in situ fcrroccmcnl water tanks have seepage problem. 

CONCLUSION 

The 50 thousand l/d water treatment plant has cxceA::dcd the design weight but j ust satisfied 
the design requirement of drafl (d = 2.70 m). In water treatment plant ship, weight is an 
important fact.or as it affects the draft.. Increase in draft will reduce the siphone pressure head and 
may cause failure. 

Based from performance, fcrrocemcot is suitable for small water treatment plant ships while 
reinforced concrete 1s good for bigger ships. This application is now widely developed in China. 
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Songkla Lake Fishing Boat 

Sukda Konganum• 

The Songkla Tinsulanond Fishing College investigated the possibility of building low-cos1 
.fishing boals. Consul1an1s of the college reconunended the use of ferrocemenl as a con.wruction 
material. The transfer of the technology to students of the college is presented. 

INTRODUCTION 

Fishing plays an important role in the economy of Songkla, a southern province in Thailand. 
The Songkla Tinsulanond Fishing College was established to help the fishing industry in this 
province.. In addition to its regular course, the college has provided training on trawl fishing 
and conducts research on relevant topics. 

To further encourage fisherman, the college investigated the possibility of building low-cost 
fishing boats. Assistance was requested from the Ayuthaya Boatbuilding College and the 
CommiLLee on Planning, Cooperation and Establishment of Industrial and Shipbuilding 
Center. Consultants from these institution recommended ferrocement boats as the solution. 

This paper describes the construction of the first fishing boat at Songkla Tinsulanond Fishing 
College under the supervision of the author. 

DESIGN AND CONSTRUCTION 

1l1e ferrocement fishing boat, weighing 800 kg, costs Baht 8000 (VS$ 320). The 5 m long, 
1.2 m wide and 0.90 m deep boat was constructed in 15 days by five students with assistance 
from two ferrocement resource persons and two carpenters. The design of the boat was based 
from locally available traditional fishing boat. 

The lofted drawing of the fcrroccmcnt hull consists of a body plan, profile and half breadth 
(Fig. 1). Using these plans, the frame was made for all stations with 9.53 mm diameter steel 
bars. For the keel, 6.35 mm diameter bars were used. A numbering system was used to 
assist in the final assembly of the armature (Fig. 2). 

Five layers of wire mesh were used. Two layers of welded mesh were place outside and 
three layers of hexagonal mesh inside the armature. The mesh were draped from the deck 
downwards and pulled constantly to maintain tension to obtain a fair shape hull. The five 
layers were tied together at 75 mm spacing longitudinally as well as vertically (Fig. 3). 

The cement, sand and water ratio was 1:3:0.4. Plastering was started from the keel bottom. 
The matrix was pushed from outside to inside to ensure complete penetration. Both surfaces 
were smooth finished maintaining the same thickness. The completed hull was cured for 28 
day.s (Fig. 4). 

• Ayuthaya Boalbuilding College, Ayuthaya, Thailand. 
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Dimension 

L. O. A. 

Beam 
Depth 

Weight 

Bose tine 

5.00 m 

1.50 m 
0 .85 m 

800 kg 
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Fig. 2. The completed annature. 

Fig. 4. The plastering of the ferroccmcnt hull. 

CONCLUSION 

259 

Fig. 3. The students with the fcrroccmcnl hull ready for 
plastering. 

Fig. 5. Students of Songkla Tinsulanond Fishing Col­
lege testing the boaL 

The 1CChnology for building a ferroccmenl hull can be easily learned. Students of Songkla 
Tinsulanond Fishing College are now building fcrrocement fishing boats (Fig. 5). AfLer three 
years the fishing boats have had no problems. 
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Development of Ferrocement Boats 
in China: 1958-1988* 

A Pictorial Presentation 

CONSTRUCTION PROCEDURE 

A view of the faClory. 

The wire mesh used for the construction is also produced 
in the factory. 

Tieing the wire mesh into required width. 

261 

• Excerpt from "Concrete Vessels in China (1958-1988)", with permission of the publisher. Publication sent by Mr. 
Zhang Xiaoyang, Shanghai Ship & Shipping Research Institute, Ministry of Commwi.icatioos, China. 
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Positioning of the frames. 

Placing the wire mesh over the femx:cment annaturc. 

Plastering the cement mortar by high frequency equip- Oose-up of the high fequency grouting equipmcn1 from 
menL the hanging trolley. 
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Oose-up of a ponable high fequcncy fibrating plastering 
board. 

FERROCEMENT BOATS (1958-1988) 

Completed ferrocement hulls. 

The first ferrocanent sampan. 

Ferrocement vessels for inigation and drainage. A 5000 t fcrrocement floating dock. 

263 
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-y 

A ferrocement hold-barge fleet. A 3000 t sea boat. 

COMMITTEES AND FOREIGN GUESTS 
-: .. : _.. - "':" . " - ~-. , ~ . 

Annual meeting of the Chinese Network on Scientific Infonnatioo of Cement Boat. 

United Nations sponsored a seminar on Ferroccmcnt in Asia and the Pacific Region. 
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' • I 

Korean experts visiting the manufacturing site of lip water 
boats. 

265 

Mr. Ioms, an American expert on ferrocemenl boats, visit­
ing a cement boat factory. 
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This section provides illustrated information and details of construction to help the user to 
construct ferrocement structures quickly, easily and economically. 

The Distribution of Trim Ballasf 

S.$.Z. Ray• 

Often, due to variations in the construction or finishing of a boat from the calcuJations of the 
designer, when the boat is first floated it docs not float at the designed water line. There arc 
monographs in books such as Skcnc's Elements of Yacht Design which give the additional ballast 
required per inch (25.4 mm) of additional immersion required IO obtain the correct position of the boat 
in the water. 

To obtain best rol I and handling characlristics, an often-overlooked rule of thumb is that for typical 
hull shapes, one-fourth of the added ballast should be located roughly at the water line. For slender 
hull shapes, use one-sixth instead of one-fourth. For beamy hulls, use one-third instead of one-fourth. 

It is not difficult to add trim ballast in a distributed manner. One-eighth inch (3.175 mm) thick 
lead sheet may be glued to the hull with polysulfide rubber in pieces appropriate and concealed behind 
paneling, cabinets, etc. It should aJso be distributed rather evenly fore-to-aft to avoid unstable pitch 
characteristics. 

To obtain the amount of trim ballast required, bold a ruler between the length at waterline and 
beam at waterline measurements for your hull (Fig. 1). The required ballast weight per inch (25.4 mm) 
of immersion will be shown on the middle line. If the boat is higher atone end than the other, use the 
number given on the nomograph (per inch (25.4 mm)) times the difference in immersion depths fore­
to-aft, distributed over the lightest haJfof the boat (the appropriate fraction at the waterline). The total 
amount of ballast should be calculated from the additional immersion required amid-ships. As you 
add weight at the bow, be particular! y attenti vc to how the stem moves up as the bow moves down and 
distribute the ballast accordingly. Do this with water tanks full and all ground tackle aboard Now take 
the boat out for a sail and see how she handles. 

• Reprinted from "!low to Finish Your Fcrrocement Hull" by permission of the publisher. 
+ Master boalbuildcr. 
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searches are perf onncd on requesL 

RESEARCH AND DEVELOPMENT 

Material Properties 

Hernandez, E.M. 1987. Ferrocement nondesuuctive test by means of ultrasound (In Spanish). Pro 
Presca YI(3): 137- 149. 

ferrocement I nondes1ructive lest I testing 

Ganesan, N., and Murugiah, A. 1988. Cracking behaviour of cement mortar reinforced with plain 
longitudinal wires. Journal of Slructural Engineering 15(2): 59-64. 

analytical methods I crack spacing I crack width I ferrocement I reinforced concrete/ tension tests 

Mansur, M.A. 1988. Ultimate strengd1 design of ferrocemcnt in flexure. Journal of Ferrocement 
18(3): 385-395. 

ferrocement I flexure I plastic analysis I strength I tests I ultimate load I IFIC Pub 

Prakhya, K. V.G.; Rahul, T.; and Adidam, S.R. 1988. Ferrocement plates with Lightweight topping. 
Journal of Ferrocement 18(4): 405-412. 

ferrocement I finite element method I plates I tes1s I ultimate load I IFIC Pub 

Tan Kiang Hwee, and Ong, G.K.C. 1989. Flexural-shear behaviour of ferrocement-steel composite 
plates. In The Second East Asia-Pacific Conference on Structural Engineering & Construction, 
131-136. Bangkok: Asian Institute of Technology. 

ferrocement I flexure I plates I shear I steel 
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Standards and Specifications 

American Concrete lnstilutc (Detroit, U.S.A.). 1988. Guide for the Design, Construction, and Repair 
of Ferrocement. 27 pp. Detroit: American Concrete Institute. 

admixtures I cements I composite materials I construction I construction materials I ferrocement I 
fibers I flexural strength I maintenance I metals I 1rwdul11.s of elasticity I reinforced concrete I 
reinforcing materials I repairs I structural design / tension tests I welded wire fabric 

Marine Applications 

Mahyuddin Ramli. 1988. Fatigue strength of ferrocement in a marine envirnnmenl. Journal of 
Ferrocement 18(4): 397-404. 

fatigue I ferrocement I sea water I strength 1 lFIC Pub 

Housing Applications 

Kaushik, S.K.; Gupta, V.K.; and Sehgal, V.K. 1988. Performance evaluation of fcrrocemenl box 
girder elements for roofs and floors. Journal of Ferrocement 18(4): 413~20. 

analysis I ferrocement I floors I girders I roofs I tests/ IF/C Pub 

General 

Alva, L.C. 1987. El fibro ccmento en la construccion modema (In Spanish). Tn Primer Simpos10 
Nacional Sabre Materiales de Construccion, 79-.85. Yucai.an: Universidad Autonoma de Yucatan. 

construction I fiber cement composites 

Gonzales, A.F., and Borges, P.C. 1987. Mortem ref orzado con sosquil para construccioncs Lcrricas 
y antisismicas (ln Spanish). In Primer Simposio Nacional Sobre Materiales de Constnu:cion, 
100-108. Yucatan: Univcrsidad AuLonoma de Yucatan. 

construction I mortars 

Pucrtos, F.; Palomo, A.; and V azqucz, T. 1987. Las escorias de alto homo como matcria prim a en 
la elaboracion de crudo de cemcnto porlland: El inkerizacion c hydratiacion de! cemento obtcnid (In 
Spanish). In Primer Simposio Naclonal Sabre Materiales de Construccion. 79-85. Yucatan: 
Univcrsidad Autonoma de Yucaum. 

cement I materials 

CONSTITUENT MATERIALS 

Polymer Mortar 

Nakayama, M., and Beaudoin, J.J. 1987. Bond strength devclopmcm between lamx-modified ci~rncnc 
paste and steel. K/CT Report, No. 73 (December): 12-22. 

experimentation I hydration I polymers I tests 
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Di3b, H.; Bentur, A.; Heimer-Wirguin, C.; and Ben-Dor, L. 1988. The cliffusion of Cl-ions lhrough 
portJand cement and porlland cement-polymer pastes. Cement and Concre1e Research 18(5): 
715-722. 

cement pastes I chemical reactions I polymers I tests I water cement ratio 

Subs titute Materials for Mortar Preparation 

Shayan, A., and Qwck, G.W. 1988. An alkali-reactive basalt from Queensland, Australia. 111e 
International Journal of Cement Composites and Lightweight Concrete 10( 4): 209- 214. 

aggregates I alkali aggregate reactions I chemical reactions I concrete I concrete durability I 
construction I expansion I microscopic observation I microstructure I minerals I testing 

Kawamura, M., and Takemoto, K. 1988. Correlation between pore solution composition and alkali 
silica expansion in mortars containing various ny ashes and blast furnace slags. The International 
Cement Composites and lightweight Concrete 10(4): 215- 223. 

alkali aggregate reactions I chemical reac1ions I concrete durability I construction materials I damage 
I exparision I fly ash I porosity I port/and cements I pozzolans 

Admixtures 

Nilsson, LO. 1988. Durability of Concrete-Aspects of Admixtures and Industrial By-Products. 
International Seminar. 320+vi pp. Stockholm: Swedish Council for Building Research. 

development I durability I properties 

General 

Yogananda, M.R., and Jagadish, K.S. 1988. Pozzolanic properties of rice husk ash, bumL clay and 
red mud. Building and Environment 23(4): 303-308. 

compression I lime I pozzolanas I rice husk ash 

Zech, B., and Setzer, M.J. 1988. The dynamic elastic modulus of hardened cement paste~Part I: A 
new statislical model-water and ice fi lled pores. Materials and Structures 21 ( 125): 323-328. 

cement pastes I damping I modulus of elaslicity I porosity 

Fauuhi, N.1 . 1988. The setting of mortar mixes subjected to different temperatures. Cement and 
Concrete Research 18(5): (,69-673. 

mortars I selling I tempera1ure I water cemen1 ratio 

Relis, M.; Ledbetter, W.B.; and Harris, P. 1988. Prediction of mortar-cube strength from cemcni 
characteristics. Cement and Concrete Research 18(5): 674-686. 

cement I mortars I strength 

Cheng Sheng Ouyang; Nanni, N.; and Chang, Wen F. 1988. lntcmal and external sources of 
sulfate ions in ponland cement mortar: Two types of chemical auack. Cement and Concrete 
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Research 18(5): 699-709. 

chemical a/lack I mortars I sulfate attack 

Moukwa, M., and Aitcin, P.C. 1988. The effect of drying on cemcm pastes pore structure as 
determined by mercury porosimetry. Cement and Concrete Research 18(5): 745-752. 

cement pastes I drying I pore structure 

Kawamura, M.; Kayyali, 0.A.; and Haque, M.N. 1988. Effects of a fly ash on pore solullon 
composition in calcium and sodium chloride-bearing mortars. Cement and Concrete Research 18(5): 
763-773. 

fly ash I moriars I porosity 

Okada, K.; Yoshikawa, T.: and Himeno, M. 1988. Effects or admixtures and alkali compounds on 
alkali aggregate reaction. The International Journal of Cement Compositesandlightweight Concrete 
10(4): 205-208. 

admixtures I alkali I alkali aggregate reactions I chemical reactions I concrete durability I expansion 
I fly ash I rrwrtar I slags 

Okpala, D.C. 1988. Effect of fine aggregate on pore st.rUctures of hardened cement paste and mortar. 
Journal of the Institution of Engineers (India) 69(Part CT-1): 26--31. 

cement pastes I rrwrtars I structures 

Mohan Rui. 1988. Low energy consumption in a rcw building materials. /lousing Science 2(4): 
259-265. 

building materials I pozzolans 

Ahmad, S.F. 1989. A comparison of pozzolanic materials, nco and classical. In The Second East l\.)ia­
Pacific Conference on Structural Engineering & Construction. 113- 119. Bangkok: Asian Institute 
of1'echnolo&'Y· 

cement I pozzolanas I properties I AJT Pub 

Roblcs-Austriaco, L. 1989. Research and development on bamboo as reinforcement. 1n The Second 
East Asia-Pacific Conference on Structural Engineering & Construction. t 19- 124. Bangkok: Asian 
Institute of Technology. 

bamboo I reinforcement I research I AJT Pub 

Solveig Melin. 1989. Why are crack paths in concrete and monar different from I.hose in PMMA. 
Materials and Structures 22(127): 23-27. 

concrete I crack growth I cracks I mortars 

Jiann-Wen Ju; Monteiro, P.J.M. ~ and Rashed. A.I. 1989. Continuum damage of cement paste and 
mortar as affected by porosjty and sand conccntmtion. Journal of Engi11eeri11g M echonics 11 5( I): 
105-130. 

cement pastes I mortars I porosity 
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MARINE APPLICATIONS 

Construction and Testing 

loms, M.E. 1988. Laminated concrete. In Technical Session 0 11 Advances in Concrete Construction 
for Con1rac1ors, 8 pp. 

boats I concrete I ferrocement I laminales 

Smith, S. 1988. Painting and casting a ferroccment hull. Journal of Ferrocemem 18(4): 427-430. 

boats I coating I ferrocement I hulls / IFIC Pub 

General 

PROC Shipbuilding Inspection Department (Beijing, China). 1989. Small Scale Modeling of River 
SIUpbuilding Technology Using Ferrocement (In Chinese). 126+iii pp. Beijing: PROC Shipbuilding 
Inspection Department. 

ferrocement I modeling I ships 
China 

TERRESTRIAL APPLlCA TIONS 

Housing and Building 

__ . 1987. Menil Museum. The Architectural Review (3): 38-43. 

ferrocement I roof 

Water Resources Structures 

The University of the South Pacific, Tonga. 1988. Building A Ferrocement Water Tank. 16 pp. 
Tonga: The University of the South Pacific. 

construction I ferrocement I water tanks 

Jacobus, P., and Iterbeke, M. 1988. An innovative water tank project in the northeast of Thailand. 
Journal of Ferrocement 18(4): 421-426. 

construction I tank I water tank / I FJC Pub 
Thailand 

Sanitary Structures 

Winter, SJ. 1987. Construction Manual for a F errocement Well. 43+iii pp. Eastern Caroline Islands: 
Appropriate Technology Enterprises. 

construction I do-it-yourself I ferrocement I water wells 

Singh, G.; Venn, A.B.; Lilian Ip.; and Xiong, GJ . 1989. Alternative material and design for 
renovating man-entry sewers. In NO-DIG '89. 2.3. 1-2.3.7. 

design I ferrocement I linings I research I sewers I testing 
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Miscellaneous Structures 

Reines, R.G. 1988. Ferroccmenl gasifier. Gate (4): 19-20. 

construction I ferrocement 

General 

SLulz. R., and Mukeiji, K. 1988. Appropriate B 1ulding Materials, A Ccualogue of Potential Solutions. 
Revised, Enlarged Edition. 430+v pp. SL Gallen: Swiss Center for Appropriate Technology. 

bamboo I cement I construction materials I ferrocement I fiber reinforced cement I fibers I housing I 
lime / /ow cost I pozzolanas I roofs I walls 

PROTECTION AND RELATED TOPICS 

Corrosion in Marine Environment 

Pullar-Strecker, P. 1987. Corrosion Damaged Concrete- Assessment andRepair. 99+x pp. London: 
Construction Industry Research and Infonnalion Association. 

concrete I corrosion I repair 

Alonso, C.; Andrade, C.: and Gonzales, J .A. 1988. Relation between resistivity and corrosion raLe 
of reinforcement in {:arbonatcd mortar made with several cement types. Cement and Concrete 
Research 8(5): 687-698. 

carbonation I corrosion I mortars I rein[ or cement 

AJ-Tayyib, A.J .; Somuah, S.K.; Boah,J.K.; Leblanc, P.; and AJ-Mana, A.l. 1988. Laboratory study 
on the effect of sulfate ions on rcbar corrosion. Cement and Concrete Research 18(5): 774-782. 

corrosion I laboratory test I reinforcement I su/f ate attack 

FIBER REINFORCED COMPOSITES 

Steel Fiber Composites 

Mcwali, J.R.K., and Jamil, K. 1987. Durability of Natural Fibres in Mortar Containing Rice Husk Ash, 
B.Eng. Thesis. University of Engineering and Technology, Karachi. 

bagasse I durability I fiber reinforced cements I mechanical properties I rice husk ash I tes11ng 

Natural and Organic Fiber Composites 

Aziz, M.A., and Mansur, M.A. 1989. Jute fibre reinforced building materials. In The Second East 
Asia-Pacific Conference on Structural Engineering & Construction, 1034- 1039. Bangkok: Asian 
lnsti tUle of Technology. 

fiber reinforced composites I housing I jwejibers I low cost I natural fibers/ roofing I walls I N1' Pub 
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Currie, B .• and Gardiner, T. 1989. Bond between polypropylene fibers and cement matrix. The 
International Journal of Cement Composites and Lightweight Concrete 11(1): 3-9. 

bond strength I composite materials I cracking I fiber cement composites I polypropylene fibers 

General 

New Zealand Concrete Research Association. 1987. Fibre concrete. NZCRA Information Bulletin 
(February): 1- 16. 

ferrocement I fiber reinforced cement I fiber reinforced concrete I glass fibers I steel.fibers 

Currie, B. 1988. Fabric reinforced cement- A historical review. Building TechMlogy and Mat1age­
me11t 14: 43-46. 

applications I fiber reinforced cements I polypropylene fibers I research I testing 

UNIDO. 1988. Vegetable-Fibre Cement Board. 57+viii pp. United Nations Industrial Development 
Organi1.ation. 

applications I low cost I rwtura/fibers I organic fibers I production 

Akihama, S.; Sucnaga, T.; and Nakagawa. H. 1988. Mechanical properties of fiber reinforced cement 
composites Md their application to buildings. Kier Report, No. 79 (October): 1-16. 

applications I domes I fiber reinforced composites I tests I walls 

Akihama, S.; N~gawa, H.; Takada, T.; and Yamaguchi, M. 1988. Experimental study on anunid 
fibcrreinforced cement composites" AFRC"-Mcchanical properties of AFRC with short fibers. Kier 
Report, No 79 (October): 17-3 1. 

fiber reinforced composite I modulus of rupture I strength I tests 

Akihama, S.; Suenaga, T.; Tanaka, M.; and Hayashi, M. 1988. Properties ofGFRC with low alkaline 
cement Kier Report, No. 79 (October): 32-48. 

durability I mechanical proµenies I physical properties I slag cements 

Akihama, S.; Ogawa, K.; Sucnaga, T.; Uchida, I.; Fujii, H.; and Hayashi, M. 1988. Development of 
new GFRC cladding. KICT Report. No . 79 (October): 49-63. 

cement I durability I glass fibers I tests 

GENERAL 

Technology Transfer 

Centro lie lnformacion Technica (Havana. Cuba). 1988. Lise of Ferrocemem Keywords (In Spanish). 
41 +ii pp. Havana: Centro de lnformacion Technica. 

ferrocement 
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RELATED MATERIALS 

Iterbeke, M., and Jacobus, P. 1988. An Innovative Water Tank Project Chumpuang, Thailand. 14 pp. 
Heverlee: PGCHS-KULeuven. 

construction / low cost I water tank 
Thailand 

Le Khang Chau, and Pham due Chinh. 1988. Variational Approach to Determination of Effective 
Elastic of Moduli of Composi1eMaterials. 18 pp. Hanoi: Institute of Mechanics. 

composite 17!1lterials I Young's modulus 
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FAST LOOKUP 

INFC and IFIC Databases 

The INFC and IFIC databases will save your time and effort in fi nding current information on 
ferrocement and relaled construction materials. These databases are created and maintained by the 
International Ferrocerncnt Information Center (JFIC), Asian Institute of Technology, Bangkok, 
Thailand using UNESCO's Computerized Documentation Service/fntegrated Set of lnfonnation 
Systems (CDS/ISIS). 

The highly specialiwd construction materials included in the databases are directed to answer 
the needs of the low-income people in the developing countries. They cover ferrocement, the 
form of reinforced concrete which uses hydraulic cement mortar, and closely spaced layers of 
continuous and relatively small diameter wire mesh reinforcements; and related conslrucl.ion 
materials, such as steel fiber composites, bamboo fiber composites. natural and organic fiber 
composites, and polymer composites. 

JFIC regularly reviews over LOO journals, magazines, newsletters, digesL<; and bulletins, in 
addition to numerous monographs, reports, conference proceedings, theses, and materials supplied 
directly by fcrrocement builders and researchers. From these publications, articles on ferrocement 
and related construction materials are identified, abstracted, indexed, and entered into the 
bibliographic databases. 

Each record contains primary information: author, title, source, abstract and keywords; and 
secondary infromation: availability, date, language and type of publication. 

INFC and IFIC databases contain over 3,500 records and these are expanding at the rate of 
300 records per year. From these records, IFIC provides compulCrized biliographic search services 
for requests on particular aspects of ferrocement technology and related materials at the following 
rates: 

Subscriber: US$ 40.00 per contact hour 
USS 10.00 upLo 50 references 
US$ 00.07 for each additional reference above 50 

Non-Subscriber: US$ 60.00 per contact hour 
US$ J 5.00 upto 50 references 
US$ 00.l 0 for each additional reference above 50 

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

Materials listed in the bibliographic search print out arc available from IFIC, but subject to 
copyright restrictions. By quoting the accession number given at the lop of each reference, 
photocopies and/or microliches of any document can be ordered at the rates given in page 3 19. 
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FIN NEWS 

University of the Philippines 

Miss Lavon Mary G. A bis, participant of the 
1988 Trainer's Training on Ferrocement Tech­
nology and affiliated with the Building Research 
Service, National Engineering Center, Univer­
sity of the Philippines, has been actively involved 
with technology transfer activities. 

The last week of February 1989, she con­
ducted in Calaca, Batangas, a demonstration/ 
training on the use of fly ash (from the National 
Power Corporation's coal-fired thermal plant) 
for hollow blocks and bamboo-reinforced con­
crete pavements. The bamboo was used as an 
alternative because the fly ash was mixed with 
sea water (to aid the immediate transport of the 
ash to the ponds surrounding the plant) and con­
tains salt sprays. The jointing methods at the 
intersections of the bamboo slats spaced 300 mm 
on center were either tied with ordinary straw cut 
in 300 mm lengths or nailed with 25.4 mm nails. 
Results of the first month construction inspection 
were favorble because no visible cracks were 
observed. 

The Building Research Service wilt also 
start a Productivity Study for the Construction 
Industry Authority of the Philippines, DTI. This 
would be a study of representative construction 
firms productivity levels and recommend pro­
ductivity enhancement guidelines plus a manual 
for a finn 's self-assessment. This will be funded 
by the World Bank. 
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Demonstration house using coco-timber truss-frame •ystem. 

The University of the Philippines has also 
two (2) demostration houses-one using coco­
lim ber truss-frame system which is fabricated 
using gang-nail metal plate connectors and rice 
hull ash-lime block walls both for low-income 
family housing, which are both under the Depart­
ment of Science and Technology-U.P. Program 
"A". 

She has been invited by Prof. Jose de Castro, 
FIN (Philippines) coordinator, to lecture and 
design a seminar for the Association of Structural 
Engineers of the Philippines (ASEP) entitled 
tentatively "Structural Applications of Ferroce­
ment." This is scheduled for August of thi!; year. 

(Information and photograph from Ms. 
Lavon Mary G. Abis, Building Research Service, 
National Engineering Center, University of the 
Philippines, Diliman, Quezon City 1161, l'hilip­
pines.) 
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REFERENCE CENTER NEWS 

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

The Philippine Council for Industry and 
Energy Research and Development (PCIERD), 
as part of its on-going activities on research and 
development io the appljcation to industry, en­
ergy and infrastructure, will be undenaking a 
research projecl on f erroccmem lechnology for 
the local shipbuilding industry. The project in­
volves the construction of a prototype ferroce­
ment boat. This project will be implemented by 
the Maritime Industry Authority (MARrNA) in 
cooperation with the Philippine Shipbuilders and 
Repairers Association (PHILSAR). 

In connection to this, the Council held a 
Seminar on Ferrocement Technology on 7 June 
1989 which coincided with MARINA Day. 

Tile topics discussed were the basic prin­
ciples of ferrocement and its wide applications. 
These included the raw materials, the mechanical 
properties and the proper construction tech­
niques. A short slide presentation was also in­
cluded. 

The target participants were Maritime In­
dustry Authority: Philippine Shipbuilders and 
Repairers Association; and the Confederation of 
Jnt.er-Island Shipping Organization. 

The resource persons were Ms. Lavon Mary 
G. Abis, U.P. Building Research Service; and 
Engr. Edgardo P. Santibanez, PCIERD: partici­
pants of the Trainer's Training on Fcrrocement 
Technology conducted by lFlC in 1988. 

(fn/ormotio11from Edgardo P. Santibanez, 
Science Research Specialist fl, Energy and Utili ­
ties Systems Technology Development Division, 
Philippine Council for Industry & Energy Re­
search & Development.) 
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CUBA 

A Ferrocement Swimm ing Pool 

A 12.S m x 25 m ferrocementswimming pool 
was built for the People's Camping Base " Presa 
Marnposton". It has adeplh ranging from 0.70 m 
to 2.10 m. Thjs swimming pool was constructed 
in two months by unskilled labours and the cost 
is lower than those constructed out of reinforced 
concrete. 

(Information and photograph from Mr. Fi­
del Delgado. Chief. Technical Information Cen­
ter, Centro de lnformacion Tecnica, Cuba.) 

Swimming pool wider construction. 

BANGLADESH 

Rainwater Catchment for Rural People 

The Department of Farm Power & Machin­
ery, Bangladesh Agricultural Un iversity, 
Mymensingh, Bangladesh is initiating a project 
on rainwater catchment for the rural areas of 
Bangladesh. 

Three locations have been selected. In each 
location, five fcrroccmcnt tanks will be con­
structed having capacity of 10.5 m1 . This tank 
will be able to supply water for a family of six 
members for a period of fi ve months. 

(Information from Dr. Md. Dau/at llussain, 
I lead, Department of Farm Power and Machin­
ery. Bangladesh Agricultural University.) 
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INDIA 

Technology Mission on Drinking Water 

Training of Resource Persons/Trainers in 
Ferrocement Technology 

The Government of India has launched a 
Technology Mission on Drinking Water and 
Related Management for solving the problem of 
drinking water in the villages where water is not 
available, The Department of RuraJ Develop­
ment, Ministry of Agriculture, Government of 
India, is a nodal agency for this Mission. The 
Council of Scientific and Industrial Research 
(CSIR) is collaborating by providing cost effec­
tive solutions for specific problems related to 
chemical, physical and bacteriological contami­
nation, ground water exploration and related 
water management Several techniques have 
been adopted for solving problems of excess iron, 
fluorides, salinity, turbidity, scientific finding of 
ground water and recharge of water sources, 
improving of traditional water sources, collec­
tion of rain water etc. Priority has been fixed for 
adopting rain water harvesting in those areas 
where enough rainfall is available. The Mission 
has approved f errocement water storage tanks for 
collection of drinking water due to its low cost 
and ease in construction and maintenance. Prob­
lems of the water in the hills, islands and coastal 

Participants wilh lhefcrrocemcnl wa1cr1ank clements during 
lraining-cum-demonstration course al Shillong 
(Mcghalaya), April 1988. 
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belt of the country can be solved easi ly by adopt­
ing rain water harvesting through roofs and mi­
cro-catchment platforms. Ferrocemcnt has been 
accepted for construction of water filters and 
tanks for these schemes. 

The Structural Engineering Research Center 
(SERC) formerly at Roorkee and now at G hazia­
bad has been entrusted with several projects, 
namely: (1) Organisation of training courses and 
demonstrations of construction techniques of 
rain water harvesting schemes and fcrrocement 
water storage ianks at various locations in the 
country; and (2) Development of ferroccmenl 
structures such as check-dams, underground wa­
ter barriers, water fil ters and large capacity water 
tanks etc. for water harvesting schemes. 

The Center has already conducted ten train­
ing courses for field engineers, technicians, plan­
ners and volunteers drawn from Public Health 
Engineering Departments, Rural Development 
Departments and Voluntary Agencies. A set of 
lecture notes compiled in two volumes, have 
been prepared and is being provided to the par­
ticipants. The 'Do It Yoursef' booklet on fcrro­
ccment water tanks published by IFIC has been 
included in Volume2ofthelecturenotcs. A total 
of about 450 participants representing States of 
Uttar Pradesh, Madhya Pradesh, Rajasthan, 
Gujarat, Maharashtra, Assam, Tripura, 
Nagaland, Meghalaya, Manipur, Kamataka and 

Casting of fcm>cemcnt water jar during training-cum­
dcmonstration course al Dimapur (Nagaland), Octobc:r 1988. 
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Demonstration of the cas~ng of fcrroccmclll water tank by 
skclctml cage system during training-cum-demonstration 
cour.1c al Gulbarga (Kamatake) in December 1988. 

Andhra Pradesh have been trained by the Scien­
tists of the Center. The syllabus for Lhcsc courses 
include details for construction of rain water 
collection system using roof, platfonns and hill 
slopes as catchment area, casting techniques for 
fcrrocement tanks up to 10000 lilfC (10 m1

) ca­
pacities including sack mould method, skeletal 
cage making and plastering technique, segmental 
ferroccment tank construction (SERC patented 
process), semi-mechanised process (SERC 
patented process), tcmpfonner system, pit lining 
method for underground tank construction and 
fcrroccment lining over brick/stone masonry 
tanks. 

A large number of ferrocemcnt tanks and 
fil ters have been constructed during these 
courses in Manipur, Meghalaya, Nagaland, 
Madhya Pradesh, Utt.ar Pradesh, Tripura and 
Kamat.aka States. 

The response to these training courses has 
been very encouraging and many States have 
taken up construction of rain water harvesting 
schemes and fcrrocement tanks on large scale for 
solving the drinking water problem in their 
villages. 

Ferrocement Applicatio ns Exhibited in India 

Structural Engineering Research Center, 
Ghaziabad has been organising full scale demon­
stration of construction techniques and displays 
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of construction methods of various ferroccment 
structures at the engineering/technological exhi­
bitions in India. The following exhibitions have 
been organized: 

National Zonal Seminar on Water Problems in 
Hill Areas, Nainital (September 1988) 

The seminar was organised by Department 
of Rural Development, Government of India in 
collaboration with the U.P.Jal Nigam. Construc­
tion of ferrocement water tanks, roofing units, 
septic tanks, rain water filters, drainage units, 
man-hole covers etc., were demonstrated. 

Large number of charts, models and actual 
structures were exhibited. A lecture-cum-slide 
show was organised explaining the advantages, 
economics, uscfullness and construction tech­
niques for ferrocement structures for solving 
various problems in hill areas. About 1,000 
engineers, technicians, social workers and ad­
ministrators attended. The Honorable Minister 
for HiJI Development, U.P. Government, Shri 
R.K. Dhar, Principal Secretary and Coordinator, 
Hill Development, Government of U.P., Shri 
Pande, Secretary, Rural Development, U.P. 
Government, Shri Rajcswar Dayal and Shri 
Virendra Kumar, Chief Engineer, U .P. Jal Nigam 
visited the demostration. 

National Seminar on Water / far.;esting Systems 
and their Management, Bangalore (22-24 
December 1988) 

Department of Rural Development, Govern­
ment of India organised this seminar in collabo­
ration wiLh the Public Health Engineering De­
partment, Government of Kamat.aka held 22- 24 
December 1988. A large size stall was erected to 

display several ferrocemenl units and the con­
struction techniques for fcrroccmcnt tanks, irri ­
gation channels, man-hole covers, septic tanks 
etc. More that 2,000 engineers and contractors 
visited the stall. During one of the seminar ses­
sions, a slide show was arranged to explain the 
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potential applications and advantages of fcrroce­
menl structures. Demonstration of casting tech­
niques for few struclures was also organised for 
the benefit of the participants. 

Fcrrocemcru waler lank by skelelal cage system during 
display/ exhibition al National Seminar on Water I larvcsting 
SyslCms at Bangalore in December 1988. 

Panchayat Raj Sammelan, New Delhi (25-30 
January 1989) 

Government of India organised this sam­
melan for Chairman of Municipal Bodies, Rural 
Development Officers, Heads of Rural Blocks, 
Panchayats etc. It was attended by 8,000 partici­
pants. During this sammelan a large display of 
various techniques for production of structures 
was arranged. About 3,000 delegates visited the 
stall and were acquainted wilh Lhe benefits of Lhe 
ferrocement techniques. 

Vigyan Gaonki Oar (Science Towards Village), 
Gauri Ganj (Su/tanpur), U.P. (4-15March1989) 

Council of Scientific & Industrial Research 
(CSIR) and NaLional Institute for Wasteland 
Development, New Delhi organised a big Sci­
ence & Technology exhibition in rural area in 
Gauri Ganj, DistrictSultanput(U.P.) from 4th to 

15th March 1989. The aim of the fair was to 

expose to new Lechnologies useful in solving 
their problems. Most of the Indian Government 
Departments actively engaged in ex tension and 

Jour11D/ of Ft"OCttMnl: Vol. 19, No. 3, July 1989 

R&D acuvmes, scientific organisations and 
laboratories displayed their techniques in this fair 
which was visited by very large numbcrofvillag­
ers, administrators and political leaders. SERC 
organised a display of ferrocemcnL tanks, bins, 
irrigation channels, filters eLc. The other items 
displayed in form of charts and models included 
man-hole covers, roofing units, wall panncls, 
septic tanks, mechanical casting methods for fer­
rocement strucrures and rain water harvesting 
schemes. For Lhjs fair, SERC, Ghaziabad devel­
oped a special display system on fcrroccmcnt 
which explains about this material in simple 
Hindi & English. An average 5,000 people 
visited the SERC demonstration every day. The 
simple technique of wat.er jar produced with 
hesian cloth and rice husk was ljked by m::>st of 
the visitors. 

(Information and photographs f rom Mr. J. 
Swarup, Scientist, Drinking Water Mission Proj­
ect, SERC. Ghaziabad, India.) 

UNITED KINGDOM 

ITOG Takes on VSO Technical Training 

During the past 18 months, ITDG has been 
carrying oul the bulk of VSO 's technical training 
courses for volunteers going overseas to work: in 
educational institutions and with local non-gov­
ernment organization. 

Courses are held at the Stoncleigh show 
ground, headquarters of the Royal Agricultural 
Sociely. Course participants have access LO a full 
range of practical and tutorial facilitjcs al the 
ground, where accommodation is also pro .. ided. 

To date, a total of some 215 VSO trainees 
have been on four types of training course: 

-The II -day Appropriate Technology 
Course, which provides practical experience of a 
range of difforenL tccnologies, such as lo\\ -cost 
building techniques, fcrrocemenl water Lank, 
appropriate water and sanitation, an overview of 
ambient energy (water, solar, biomass), rural 
blacksmithing and small-scale foundry work. 
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-The five-day Natural Resources Course. 
covering the cultural and social aspects of agri­
cultural land use in developing countries. 

-The eighL-day Carpenters' llandtools 
Course, for qualified and experienced carpen­
ters, to learn how to make a range to tools using 
local hardwoods. 

-The 1 I-day Blacksmithing Course for 
Lrnincd metalworkers, which enables them to 

produce good quality forged tools so they can 
repair or make a range of domestic and agricul­
iural implements. 

JTDG's emphasis on the importance of train­
ing as a means of dissemination has led to an 
increase in the number and type of courses of­
fered to other institutions as wel I. There has been 
a very positive interest from universities in the 
UK carrying out diploma or post-graduate 
courses for overseas students. 

(/111ermediace Technology News, March 
1989.) 

Improving the Performance of Flat Roor 
Coverings 

Modem building melhocls demand im­
proved perfonnance from flat roof covering 
malCriaJs, and over the last two decades many 
new products have been introduced. The Build­
ing Research EstablishmenL (BRE) has a continu­
ing programme of research to monitor the per­
fonnance of these products as t11ey appear, often 
working with companies in testing and develop­
ment. The overall aim is to cstabl ish a basis for 
performance-based specifications for all types of 
membrnnc. 

Mastic asphalt has been a succcssf uJ weath­
erproof Oat roof covering for years. but in re.cent 
winters lhere have been some cases of cracking in 
roofs where asphall has been laid over thermal 
insulalion. Failure is lhought to be due to the 
f aslcr ralc of heat loss and greater range of LCm­
pcr:uures in the ac;phalL layer. BRE has carried 
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ouL laboratory tests of the effect of this thermal 
shock on samples of roof similar to 1.hose that 
failed, and is devising a test method for compar­
ing different grades of asphalt to give an indica­
tion of in-service performance. The new poly­
mer-modified asphalts perfonn considerably 
belier al low temperatures. Tbe indications are 
that lhey should prove satisfactory in service at 
temperatures down to -20"C. Tests and develop­
ment work on these new products arc being 
jointly funded by Pcrmanite Asphalt Ltd. 

In the work on bituminous membranes, BRE 
is developing methods for predicting service life, 
using laboratory techniques for simulating the 
effects of weathering and ageing in conjunction 
with measuremenLc; of resisiance to Oexural fa­
tigue of built-up membrane sect.ions. Conven­
tional glass-fiber-based felts can be artificially 
aged by heating at 80"C and by using combina­
tions of heat, water and uv radiation. However, 
the newer polyester-based felts are hardly af. 
fected by lhese procedures and should be propor­
tionately longer-Jived in service. The current 
programme also includes Lhe new polymer­
modified felts used for both 1raditional laying and 
'torching on'. 

Single ply polymeric roofing membranes 
have been used in the UK for some time now. 
primarily for very large roof areas. Tensile 
strength and fatigue tests at room temperature on 
naturally and laboratory-aged samples arc show­
ing very good performance, and I.he programme 
is continuing, wilh tests at-20"C planned. Atlcn­
Lion will also be focused on the requirements for 
bonded joints: preliminary results, mainly for 
pvc materials wilh and without reinforcements, 
indicate that the jointing process can reduce fa­
tigue resistance. 

Data from al l this work is being conveyed to 

BSI tluough BRE membership of com mittees, 
and through Lhcm to formulation of CEN stan­
dards. 

(BRE News, February 1989.) 
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New Rapid-Hardening Cement Developed 

BRE has developed a new rapid-hardening 
cement system based on calcium alumioates but 
without the inherent problems experienced with 
other cements of this type. Results of small-scale 
trials are showing promising results and the 
material offers potential for economies in pre­
casting and in construction where rapid strength 
development is required. 

A detailed and long-tenn investigation of the 
durability of the mortars and concretes made with 
the materials will have to be carried out before it 
can be used in production. BRE is now seeking 
partners from the industry IO finance this devel­
opment and subsequently to manufacture and 
market the cement under licence. 

The new material, to be known as BRECEM, 
is based on mixtures of high alumina cement 
(HAC) and ground granulated blast furance slag 
(ggbs) or other pozzolanic or Latently hydraulic 
materials. The addition of slag has modified the 
'conversion' process in HAC so that BRECEM 
concrete should not be prone to the weakening 
and failure which affected some HAC concrete 
components in the 1970's. 

Trials over a period of a year show Lhat 
concrete produced from BRECEM bas rapid 
initial strength gain, and is stable even in the hot 
and humid conditions which are so damaging to 
ordinary high alumina cements. The resistance to 
sulphates and other chemicals is expected to be as 
good as HAC concrete if not better. 

BRECEM has been developed by a team led 
by the internationally-acclaimed BRE chemist 
Dr. AJ. Majumdar. Investigating the properties 
of new cementitious materials, they found that 
hydration of 50/50 mixtures of HAC and ggbs 
produces predominantly gehlinite hydrate, 
which does not undergo conversion, at the ex­
pense of the calcium aluminate hydrates pro­
duced in pure HAC which do convert. 

The technology is covered by a UK Patent 
Application held by the British Technology 
Group, and patent applications have been filed in 
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Canada, Belgium, France, West Germany, Italy, 
Netherlands, Spain, Japan and USA. 

(BRE News, April 1989) 

Site Test for Cement Content of Mortars 

A rapid, on-site method of estimating the 
cement or lime content of fresh mortars has been 
developed by BRE, providing a practical method 
of quality control during building. A prototype 
kit, produced by the Scottish Labonnory, fits into 
a small tool box and gives accurate results in only 
two minutes. 

The strength of mortar for brickwork or 
rendering is an important factor in the long-tcnn 
perfonnance of walls, but the precise mix speci­
fication is often not achieved on site. The new 
test, named BREMORTEST, makes this pos­
sible. It involves mixing an accurate weight of 
mortar into a standard amount of concentrated 
phosphoric acid, and measuring the resuh.ant rise 
in temperature with an electronic thermometer. 
The rise is proportional IO the amount of cement 
or lime in the mix. The prototype kit gives a rise 
of 28"C with a 1:4 by volume cement: sand mor­
tar. 

The test is suitable primarily for fresh mor­
tars made with OPC and OPC/BFS blends. 
Limestone contents of up to 10% in the mix lead 
to only a small error in the result. The cement 
content of mortar containing lime, and of set 
uncarbonated mortar up to seven days old, can 
also be estimated, althought extra calibration is 
advisable in these cases. 

(BRE News. April 1989.) 

VIETNAM 

Ferrocement Application in Ho Chi Minh 

Mr. Do IGen Quoc, an AIT graduate from 
Vietnam has undertaken a number of proje.cts to 
use fenocement in Vietnam. Some of these arc: 
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prefabricated ferrocementclassrooms, high pres­
sure ferrocement pipe for water supply, ferroce­
ment sheeting for steel walls and ferrocement 
pipe manufactured by vibrator machine without 
skeletal steel. 

Prefabricated ferrocemcnt classrooms. 

High pressure ferrocement pipe for water supply. 
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(Reference and photographs from Mr. Do 
Kien Quoc, Department of Civil Engineering, 
Polytechnic University of Ho Chi Minh City,268 
Ly Thuong Kiet Street, Q.10, Ho Chi Minh City, 
Vietnam.) 

Ferrocement pipe manufactured without.skeletal steel. 
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Canterbury, 3126, Victoria 
Australia 
Resource Person: Mr. Kevin Duff 

BANGLADESH 

Bangladesh Institute of Technology (UJ.T.) 
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Resource Person: Professor Pablo Jorquera 
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China 
Resource Person: Professor Zhao Guo/an 
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Jr . M . Amin llayat 

lnstitut Teknologi Bandung 
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P.O. Box 276 
Bandung 
Indonesia 
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Resource Persons: Dr. Widiadnyana Merati 
Ir. Omemar Handojo 
Dr. Puti Tamin 
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Jalan Siwalankerto 121-131 
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Surabaya 
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University Lam pung 
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Universiti Pertan ian Malaysia 
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Dr. Abang Abdullah 
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Apdo. Postal 17 
San Nicolas de los Garza 
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Centre National de Documentation 
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Morocco 
Resource Person: Miss Karima Frej 

NIGERIA 

University of Ibadan 
Dcparuncnt of Civi l Engineering 
Ibadan 
Nigeria 
Resource Person: Dr. GA. Acade 

University of Ilorin 
Deparunent of Civil Engineering 
P.M.B. 1518, llorin 
Nigeria 
Resource Person: Dr. OA. Adetifa 

PAKISTAN 

University of Engineering and Technology 
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Lahore 31 
Pakjstan 
Resource Person: Professor 'liauddin Main 

PERU 

Pontilicia Universidad Catolica del Peru 
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Dpto. de lngenieria 
Apartado 12534, Lima 
Peru 
Resource Person: Ing. Juan llarman lnfanies 

PHILIPPINES 

Central Philippine University 
College of Engineering 
Jaro, lloilo City 5901 
Philippines 
Resource Person: Engr. Frll!lcisco M. Franco 
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Mindanao State University 
Regional Adaptive Technology Center 
Marawi City 
Philippines 
Resource Person: Dr. Cosain Derico 

Philippine Business for Social Progre~ 
Center for Rural Technology Development 
San Isidro, CaJauan 
Laguna, Philippines 
Resource Person: Mr. Jaime Ari.\"/Olle 8 . Alip 

Philippine Council for Industry & Energy 
Research & Development 

Rm. 513, 5th Floor Ortigas Builrung 
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Resource Person: Mr . Romualdn A. Clw vez .fr 

University of Nueva Caceres 
College of Engineering 
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University of' the Philippines 
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Su. G. Bariliu nr. 25, Cluj Napoca 
Romania 
Resource Person: Ing. Ladislau Szigeti 

SAUDI ARABTA 

JGng Abdulaziz University 
Deparuncnl of Civil Engineering 
P.O. Box 9027.Jcddah 21413 
Saudi Arabia 
Resource Person: Dr. SJ. Al-Noury 
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Resource Person: Dr.Var.hara Thongcharoen 

Yasothon Technical College 
Amphur Muang 
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Resource Person: Dr. Tefaruk Haktanir 
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Mr. Alexander is an international consultant in the design and consiruction 
of motorized barges, tugs and fishing vessels besides tanks and buildings since 
1960. Mr. Alexander pioneered the research and development of high Lensile 
wire reinforced fibrous ferrocemenL He has published numerous papers on the 
subject. His book "Widening Application of Ferrocement" outlines the Lhcory 
and practice of Lhe high Lensile wire reinforced fibrous fe.rrocement. He is a member of Lhe Editorial 
Board of the Journal of Ferroccment and a corresponding member of ACl Commiuee 549 on 
Ferrocement. 

DOK.ienQuoc 

Mr. Do is a leclUrer at the Department of Civil Engineering, Polytechnic 
University of Ho Chi Minh City. He has a Master of Engineering, major in siruc­
tural engineering from the Asian Institute of Technology. Mr. Do has undertaken 
a number of ferrocement projects for Vietnam. 

Su.kda KONGANUM 

Mr. Konganum is with the Ayulhaya Boatbuilding College for six years. He 
was sent as consultant to the Songkla Tinsulanond Fishing College. He 
completed his course at the Ayuthaya Technical College and is now com­
pleting further studies at Sukhothai Thamarathiraj University. 



Jourrwl of Ferrocen11ml: Vol. 19, No. 3, July 1989 

Abstracts 

FP1 24 FACTORS INFLUENCING THE DURABILITY OFFERROCEMENT 

KEYWORDS: Carbonation, Corrosion, Cracking, Durability, Ferrocement, Reinforced 
concrete, Protection 

ABSTRACT: Corrosion of the fcrrocement mesh has affected several f errocement 
structures. A knowledge of the factors influencing the durability of ferrocement is indeed 
vital. In this paper, the durability factors for reinforced concrete are first presented. Based 
on the discussion of reinforced concrete durability, the factors influencing the durability 
of ferrocemcnt are set forth. The behaviours of reinforced concrete and ferrocement with 
regards to the phenomenon of durability differ only in the degree of protection provided by 
their assembly. The superior resistance of ferrocement to invading acid ions and gaseous 
col is probably due to the use of galvanized steel, fine grained well-graded sands, low 
water cement ratios, chemical neutralization by the alkalinity of rich mortars, and to 
compaction which is readily obtained as a consequence of the reduced mass of the 
ferrocemenL ln contrast, reinforced concrete uses coarse ~ggregate which makes void 
filling more difficult, lower cemem ratios which may reduce the alkali content and greater 
mass which within the limits of economic constraint makes the probability of full 
compaction less likely. 

REFERENCE: Alexander. D. 1989. Factors influencing the durability of ferrocemenL 
Journal of Ferroceme111 19(3): 2 15- 222. 

FPl 25 FERROCEMENT FISHING BOAT 

KEYWORDS: Boats, Construction, Cost, Ferrocemem, Indonesia 

ABSTRACT: The demand for fishing boats to strengthen the growth of off shore 
fisheries is increasing, as a result, there is a need to identify alternatives to wooden boats. 
The DTC-ITB has developed six types of ferrocement boat to answer this need. The 
ferrocement fishing boats developed by DTC-ITB did not only serve as an excellent 
altemaLi ve to wooden boats buL the technology is also found to be appropriate for the 
Indonesian Development Plan. 

REFERENCE: Oemar Handoyo. 1989. Ferrocement fishing boat. Journal of Ferrocement 
19(3): 223-227. 
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FP126 FERROCEMENT FL.QA TING DOCKS: A SOLUTION FOR THE MARINA IN 
CA YO LARGO DEL SUR 

KEYWORDS: Construction, Docks, Fcrrocement, Floating docks, Cu~a 

ABSTRACT: An economical solution for the construct.ion of light berths for pleasure 
crafts is described. This solution as applied to Cayo Largo dcl Sur, more than J 00 km far fro in 

the main Island of Cuba, increases in importance since it greatly reduces the Lransportation 
volume of construct.ion materials in relation to the tradil.ional berths. Some construct.ion 
details, the general dimensions of Lhe facilities, and the harmonization of the structures with 
the environment arc shown. 

REFERENCE: Pajon Brache, R. 1989. Ferrocemenl noat.ing docks: A solution for the 
marina in Cayo Largo del Sur. Journal of Ferrocement 19(3): 229-234. 

FP127 FERROCEMENT SHEETING FOR STEEL HULL 

KEYWORDS: Boats, Corrosion, Fcrrocemcnt, Hulls, Sheeting, Steel, VicLnam 

ABSTRACT: A new technique using fcrroccmcnt for lining steel hull is presented. TI1c 
construction procedures in treating a steel vessel with corrosion problems is described, as 
applied to a 20 m long and Sm wide steel vessel in Vietnam. It was shown that this methcd 
is economically feasible and could also be employed to wooden vessels lo protcctthem from 
the attack of shipworrns. 

REFERENCE: Do Kien Quoc. 1989. Ferrocement sheeting for steel hull. Journal o.f 
Ferrocement 19(3): 235-238. 

FP128 FERROCEMENT VESSELS TN CHINA 

KEYWORDS: Barges, Boats, Ferrocement, Marine applicat.ions, ProducLion, Ships, 
Trawlers, Vessels, China 

ABSTRACT: For over three decades, fcrrocement vessels have been widely produced 
and adopted in Lhe People's Republic of China. Its field of application has extended widely 
as well. Expcrirncnta1 researches have been conducted to develop mechanized methods of 
construclion of the vessel, due to the steady growth of production need. The modem 
production methods have improved the quality of the vessels. Several vessels, with theit 
varying applications, are presented in this report These fcrrocemcnt vessels have proved 
to be technically and economically satisfactory. 

REFERENCE: Editorial Group-Shanghai Ship and Shipping Research !nstituLe; Jiujiang 
ExperirneniaJ Building Yard of Concrete Vessels; andJiujiang Design and Research lnsliLu1.e 
of Concrete Vessel Engineering. 1989. Ferroccrnenl vessels in China. Journal of 
F errocement 19(3): 239-249. 
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FP129 FERROCEMENT FOR WATER TREATMENT PLANT SHIP 

KEYWORDS: Design, Fcrroccmcnl, Ships, Water treatment, China 

ABSTRACT: The technique of producing fresh water inccmentships has been developed 
in China since 1970. These ships arc referred to as water treatment plant ships and they arc 
used LO supply fresh water to medium and small sized cit.ics as well as large and medium 
sized industrial enterprises. TI1e experience on the design and use of reinforced concrete and 
fcrrocemcnL forthis type of ship is discussed. It was concluded based from performance that 
fcrroccmcnt is suitable for small waler Lreatmem plant ships while reinforced concrete is 
good for bigger ships. 

REFERENCE: Huang Youzhcn. 1989. Ferroccmcm for water treatment plant ship. 
Journal of Fcrroccmclll 19(3): 25 1- 255. 

FP130 SONGKLA LAKE FISHING BOAT 

KEYWORDS: Boats, Construction, Design, Fcrroccmcm, Thailand 

ABSTRACT: The Songkla Tinsulanond Fishing College investigated the possibility of 
bu ilding low-cost fishing boats. Consult.ants or the college recommended the use of 
fcrroccment as a construct.ion material. The transfer of the technology LO students or the 
college is presented. 

REFERENCE: Sukda Konganum. 1989. Songkla Lake fishing boat. Journal of 
F erroccmcnl 19(3): 257-259. 
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July 17-20, 1989: Eighth International Con­
ference on Alkali Ag&rregate Reaction, Kyoto, 
Japan. Contact Conference Services, The Soci­
ety of MatcriaJs Science, Japan, l-101, lzumi­
dono-chou. Sakyou-ku, Kyoto 606, Japan. 

July 24- 26, 1989: International Conference 
on Composite Structures, Paisley, Scotland. 
Contact: Dr. I.H. Marshall, Department of Me­
chanical and Production Engineering, Pctlsley 
CoUege of Technology, High St., Paisley, Scot­
land PA I 2BE. 

August 1- 2. 1989: Structural Dynamics Sym­
posium, Kuala Lumpur, Malaysia. Cont.act 
The Secretary. SOS '89, Faculty of Civil Engi­
neering, Univcrsiti Teknologi Malaysia, Jalan 
Semarnk, 54 100 Kuala Lumpur, Malaysia. 

August 8-11, 1989: Fifth International Con­
ference on Structural Safety and Reliability 
(ICOSSAR '89), San Francisco, U.S.A. Con­
tact: ICOSSAR '89 Secretariat. c/o ASCE, 345 
East 47lh St., New York, NY 10017-2398, 
U.S.A. 

August 21, 1989: Second Symposium on Con­
crete and Structures, Jakarta, Indonesia. 
Contact: Engr. J.S.Y. Tan , Conference Organ­
izer, 150 Orchard Road #07- 14, Singapore0923. 
Tel: 7332922; Telex: RS 33577 COMPA; Fax: 
(065) 2353530. 

August 24- 25, 1989: Fourteenth Conference 
on Our World in Concrete and Structures, 

Singapore. Contact: Engr. J.S.Y. Tan, Confer­
ence Director, 150 Orchard Road #07- 14, Sin­
gapore 0923. Tel: 7332922; Telex: RS 33577 
COMPA; Fax: (065) 2353530. 

August 25-28, 1989: Seventh International 
Conference on Composite Materials, Beijing, 
China. Comac1.: Mr. Tu Dezhang, China Society 
of Aeronautics and Astronautics, 67 South St., 
Jiao Daokou, Beijing, China 

August 28, 1989: Second Symposium on Con­
crete and Structures, Malaysia. Contact: Engr. 
J.S.Y. Tan, Conference Organizer, 150 Orchard 
Road #07-14, Singapore 0923. Tel: 7332922; 
Telex: RS 33577 COMPA: Fax: (065) 2353530. 

September 5-8, 1989: The Second Beijing 
International Symposium on Cement and 
Concrete, Beijing, China. Contact: Mr. Zhaoqi 
Wu, China Building Materials Academy, 
Guanzhuang, East Suburb, Beijing 100024, 
China. 

September 6-8. 1989: IAOSE Symposium on 
Durability of Structures, Lisbon, Portugal. 
Cont.act: Organizing Committee, 1989 IABSE 
Symposium, LNEC, Avenida do Brazil 101, 
P-1799, Lisbon, Portugal. 

September8-1J,1989: NZCRA/NZCS Pacific 
Concrete Conference, Auckland, Ne.w Zeal­
and. Contact: The Secretary, New Zealand 
Concrete Society, P.O. Box 17-268 Karori, 
Wellington, New Zealand. 
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September 11-15, 1989: 10 Years of Progress 
in Shell and Spatial Structures: 30 Aniversary 
of IASS, Madrid, Spain. Contact: Sr. D.A. de 
las Casas, Laboratorio Central de Estructuras y 
Materiales-Ce~ex. Alfonso Xll, 3, 28014 
Madrid, Spaj1!. 

September 18-20, 1989: International Confer­
ence on Pumped Storage, Manchester, U.K. 
Contact: Conference Office, Institution of Civil 
Engineers, 1-7 Great George St., Westminster, 
London, U.K. SWlP 3AA. 

Sep1ember 18-20, 1989: International Confer­
ence on Recent Developments in Fiber Rein­
forced Cement and Concrete, Cardifi, U.K. 
Contact: Dr. B. Barr, Conference Secretary, 
School of Engineering, University of Wales 
CollegeofCardiff,NcwportRoad,Cardiff, U.K. 
CF21XH. Tel:Cardiff(0222)874000Ext.5692/ 
4826; Fax: (0222) 371921; Telex: 498635 
Ulibcfg. 

Sep1ember 18-20, 1989: New Roles fo r the 
Engineer in a Changing World, Italy. Contact: 
SEFITAL 1989, Presidenza dclla Facolta 
d'Ingegneria, Piazzale V, Tecchio 80, 1-80125, 
Naples, Italy. 

Seplember 19-21. 1989: international Con­
ference on Civil and Structural Engineering 
Computing, London, U.K. Contact: Dr. B.H.V. 
Topping, Department of Civil Engineering, Her­
iot-Watt Universily,Riccanon,Edinburgh, U.K. 
EH 144AS. 

September 19-21, 1989: An International 
Conference on Engineering and Tourism, 
Malacca, Malaysia. Contact; The Institution of 
Engineers, Bangunan Ingenieur, Lots 60 & 62, 
Jalan 52/4. P.O. Box 223, Jalan Sultan, 46720 
Peta ling Jaya, Selangor Dami Ehsan, Malaysia. 

September 20-22, 1989: Application of 
Artificial Iotelligence Techn iques to Civil and 
Structural Engineering, U.K. Contact: Dr. 
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B.H.V. Topping, Department of Civil 
Engineering, Heriot-Watt University, Riccarton, 
Edinburgh, U.K. EHl44AS. 

September 20-22. 1989: Conference on Struc­
tural Adhesives in Engineering II, Bristol, 
U.K. Contact: Mr. J.'Herriot, SAE If, Butter­
worth Scient.ific Ltd., P.O. Box 63, Westbury 
House, Bury SL, Guildford, Surrey, U.K. GU2 
5BH. 

Sep1ember 20-22, 1989: International 
Conference on Recent Developments on the 
Fracture of Concrete and Rock, Cardiff, U.K. 
Contact: Dr. B. Barr, Conference Secretary, 
School of Engg., University of Wales College of 
Cardiff, Newport Road, Cardiff, U.K. CF2 lXH. 
Tel: Cardiff (0222) 874000 ExL 5692/4826; Fax: 
(0222) 371921; Telex: 498635 Ulibcf g. 

Seeptember 27-29. 1989: lmplement.ation or 
Quality in Construction, Denmark. Contact: 
European Organisations for Quality, c/o 
Copenhagen Congress Center, Bella Center NS. 
Center Boulevard DK-2300 Copenhagen S, 
Denmark. 

September 28-29, 1989: International Sympo­
sium on Notewor thy Developments in 
Prestressed and Precast Concrete, Singapore. 
Contact: Engr.J.S.Y. Tan, Symposium Director, 
1500rchard Road#07- 14, Singapore0923. Tel: 
7332922; Telex: RS 33577 COMPA; Fax: (065) 
2353530. 

October2-6,1989: 9th European Congress on 
Corrosion, Utrecht, the Netherlands. Contact: 
Congress Bureau, Royal Netherlands Industries 
Fair, P.O. Box 8500 3503 RM UtrechL, theNclh­
erlands. 

Oc1ober 3-4, 1989: Concrete and Structure­
Malaysia, Malaysia. Contact: Engr. ~.S.Y. Tan, 
Conference Director, 150 Orchard Road #07-14, 
Singapore 0923. Tel: 7332922; Telex: RS 33577 
COMPA; Fax: (065) 2353530. 



310 

October 4-6, 1989: Third International Con­
ference on the Use of Superplasticizers and 
Other Chemical Admixtures in Concrete, 
Ottawa, Canada. Contact H.S. Wilson, P.O. 
Box 3065, Station C, Ot1.awa, Ontario, Canada 
Kl A 001. Tel: (61)996-5617; Telex: 053- 3117; 
Fax: (61) 952-2587. 

October 16-17. 1989: Expert Systems in Civil 
E n ginee ring, Ita ly. Contact: lSMES 
SccreLariaL- Conli nuing Education Seminars, 
Viale G. Cesare 29, 1-24100 Bergamo, Italy. 
Telex: 301249 IS MES I; Fax: (Int + 3935) 21 l 
191. 

October 17- 18, 1989: A Specia lty Conrerence 
on Concre te Cancer, Singapore. Contact: Engr. 
J .S.Y. Tan, Conference DirccLor, 150 Orchard 
Road #07-14, Singapore 0923. Tel: 7332922; 
Telex: RS 33577 COMPA; Fax: (065) 2353530. 

October 21-24, 1989: T hird International 
Conference on the Deterioration and Repair 
of Reinforced Concrete in the Arabian Gulf, 
Bahrain. Contact: Concrete III, The Conference 
Secretarial, The Bahrain Society of Engineers, 
P.O. Box 835, Manama, Bahrain. 

October 23-28. 1989: Fourth International 
Symposium on Practical Design of Ships and 
Mobile Units, Bulgaria. Cool.act: Prads '89, Or­
ganizing Committee, Bulgarian Ship Hydrody­
namics Cenler, 9000 Varna, Bulgaria. Tel: (052) 
775180, (052) 775186; Telex: 77497 BSHC BG. 

October 23-28, 1989. IAHS World Congress 
on Housing, O porto, Portugal. Contact: Prof. 
Oktay Ural, IAHS, Housing Congress-Portugal, 
P.O. Box 340254, Coral Gables, Miami, Florida 
33134, U.S.A.; Prof. Vitor Arbrantes, Faculdad 
de Eogcnharia, GabinelC de Construcocs Ci vis, 
Rua dos Bragas, 4099 Pono Codex, Portugal. 

November 6-8, 1989: Trial Embankments on 
Malaysian Marine Clays: Predic tion & 
Performance, M alaysia. Coniact Ir. Chua Lee 
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Boon, Hon. Sec., International Symposium, c/o 
Institution of Engineers, Malaysia, Bangurian 
lngcn.ieur, 60-62, Jalan 52/4, Pcti Surat 223, 
46720 Petaling Jaya, Selangor Darul Ehsan, 
Malaysia. 

November6-9, 1989: Symposium on Compos­
ite Materia ls: Fa tigue and Fracture, O rlando, 
U.S.A. Contact Ms. D. Savini, ASTM, 1916 
Race St, Philadelphia 19103, U.S.A. 

November 7-9. 1989: Asia Pacilic Structural 
Analysis Conference, Kuala Lumpur/Ma­
lacca, Malaysia. Contact: Organising Sccmtary, 
APSAC, Facully of Civil Engineering, Uni-.crsili 
Teknologi Malaysia, Jalan Semarak, 54 I 00 
Kuala Lumpur, Malaysia. 

November 8-9. 1989: International Sympo­
sium on Architectural Precast Concrete 
Cladding-Its Contribution to Latera l Resis­
tance of Buildings, Chicago, Illinois, U.S.A. 
Contact Sidney Freedman, Director, Architec­
tural PrecasL Concrete Services , Prcst.rcssed 
Concrete Instilute, 175 Wesllackson Boulevard, 
Suite 1859, Chicago, lllinois 60604, U.S.A. Tel: 
(312) 786·0300; Fax: (3 12) 786·0353. 

November 8- 10.1989: Conference UK Corro­
sion '89, Blackpool, U.K. Contact: Programme 
Coordinator, UK Corrosion '89, Exeter House. 
48 Holloway Head, Birmingham, U.K. Bl l NQ. 

November 13-17, 1989: The Cha ngi ng Roles 
for the Public and Private Sectors in u rban 
Development, Ja pa n. Contact: lFHP Congress 
DepL, 43 Wasscnaarseweg, 2596 CG The 
Huguc, The Netherlands. 

November 14- 16. 1989: World Water '89, 
London, U.K. Contact ICE, l -7 Great George 
St., London, U.K. SWIP 3AA. 

November 14-17.1989: Engineering Solutions 
for Corrosion in Oil a nd Gas Applications, 
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Milon, Ita ly. Contact Prof. RN. Parkins, The 
University. Newcastle Upon Tyne., U.K. NEl 7 
RU. 

November 20-23. 1989: International Confer· 
ence on Evaluation of Materials Performance 
in Se\'ere Environments, Japan. Contact: Sec· 
retarim. EVALMAT'89, The lronand StceJ Insti­
tute of Japan, Keidanren Kaikan. l ·9-4 Olema· 
chi , Chiyoda-ku, Tokyo 100, Japan. 

November 22. 1989: AFPC/lTIJTP Conrer­
ence on the Future of Concrete, Paris, France. 
Cont.act: Association Francaise pour la Construc­
tion, 46, Avenue Aristide Briand, F-92220 Bag­
neux , France. 

November 22-24, 1989: European Confe rence 
on Materials, Aachaen, German Federal Re­
public. Contact: Dcutsehc Gcsellschaft fur 
Metallkundc e V Adenaucrallcc 21 D-6370 
Olx'rurscl I , Federal Republic of Germany. 

February 12-14. 1990 ; Technological 
Deve lopment in ASEAN-Issues and Options, 
Malaysia. Contact: CAFEO 8 Secretariat, The 
lnsl.iLuLion of Engineers, Malaysia, P.O. Box 223 
(Jalan Sultan), 46720 Peteling Jaya, Sclangor 
Darui Ehsan, West Malaysia. 

February 13-16, 1990: TechEx '90 Hungary­
The Technolgy Transfer , Hungary. Cont.act: 
lpari Rcklam cs Propaganda Vallal:ll, 1081 
Budapest Ylll , Rakoczi ut 57, Hungary. Telex: 
22·7224; Fax: 133·257. 

February 15-16. 1990: 4th International 
Conferen ce on Steel Structures and Space 
f rames, Singapore. Contact: Engr. J.S.Y. Tan, 
Conference Director, 150 Orchard Road #07· 14, 
Singapore 0923. Tel: 7332922; Telex: RS 33577 
COMPA; Fax: (065) 2353530. 

March 25-30, 1990: Symposium on Concrete 
Durabil ity, Toronto, Canada. Contact: Mr. 
Paul Klieger, Consult.ant, P.O. Box 2275, North­
brook, Ill inois 60065-2275, U.S.A. 

Jll 

March 27- 28, 1990: Modern Techniques in 
Construction, Singapore. Cont.act: Engr. J.S.Y. 
Tan , Conference Director, 150 Orchard Road 
#07- 14, Singapore 0923. Tel: 7332922; Telex: 
RS 33577 COMPA; Fax: (065) 2353530. 

March 28- 30, 1990: International Conference 
on Bridge Management, Guildford, U.K. 
Contact: M.J . Ryall , Civi l Engi neering 
Department, Uni versity of Surrey, Guildford, 
U.K. GU2 5XH. 

April 2-4 , 1990: Conference on Pumped 
Storage, London, U.K. Contact: JCE, I · 7 Great 
George St., London, U.K. SWIP 3AA. 

Apri/4-6. J990:Computer Aided Analysis and 
Des ign or Concrete Structures, Austria. 
Contact: Dr. Ncnad Bicanic. Dept. of Civil 
Engineering, University College, Swansea, 
Singleton Park, Swansea, U.K. SA2 8PP. 

April 25- 28, 1990: The Inte rnational 
Conference on Structural Enginee ring and 
Computation, China. Contact: Prof. Gong 
Yaonan , Solid Mechanics Research Center, P.O. 
Box 85, Beijing I 00083, China. 

May 14- 17, 1990: International Symposium 
on Admixtures for Concrete: Improvement of 
Properties, Barcelona, Spain. Contacl: Prof. 
Dr. E. Vasquez, Dcpart.amentodeJngcnieriade la 
Construcc ion, Escuela Tee. Sup. 1nginieros de 
Caminos. Canales y PucrLOS, Jorge Girona Sal­
gado 31, 08034 Barcelona, Spain. 

May20-22, 1990: Second International Sym­
posium on ApplicationsofHigh Strength Con­
cretes, California, U.S.A. Contact: Prof. 
Weston T. Hester, 215 McLaughlin Hull, Univer­
sity or California, Berkeley, California 94720. 
U.S.A. 

May 20-25. 1990: 13th Internationa l 
Congress of the Precast Concrete lndustry­
BIBM 90. U.K. Contact: Concorde Services 
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LLd., 10 Wendell Road, London, U.K. Wl 29RT. 
Fax: 01-743-1010. 

June 3-7. 1990: FIP '90: XHh International 
Congre~on Prestressed Concrete, Hamburg, 
U.K. ConUtct: Dr. J. Dougill, FTP, The Institution 
of Structural Engineers, 11 Upper Belgrave SL, 
London, U.K. SWIX 8BH. 

September 3-5, 1990: Concrete for the 90's, 
Australia. Contact: Concrcle for the 90's, GPO 
Box 1571, Sydney NSW 2001, Australia. 

September 5-7. 7 990: Mixed Structures, 
including New Materials, Belgium. Contact: 
IABSE Symposium 1990, Residence Palace, 
Rue de la Loi 155-Boite 1, B-1040 Brussels, 
Belgium. 

September 11-13. 1990: The Protection or 
Concrete, Scotland. Contact: Dr. R.K. Dhfr, 
Concrete Technology Unit, DepL of Civil 
Engineering, The University, Dundee, Scotland 
DDl 4HN. 

September 24-27. 1990: Sixth International 
Congress on Polymers in Concrete, Shanghai, 
China. Contact: ICPIC-90 Sccret.ariat, c/o Asso­
ciate Prof. Tan Muhua, Institute of Materials 
Science and Engineering, Tongji University, 
Shanghai, China. 
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October 3-5. 1990: 2nd National Structural 
Engineering Conference, Australia. Contact: 
Conference Manager, 2nd National Conference, 
Institution or Engineers, Australia, 11 NauonaJ 
Circuit, Barton Act 2600, Australia. 

February 10-15, 1991: International Sympo­
sium on Polymer Materials Preparation 
Characterizalion and Properties, Melbourne, 
Australia. Contact: RAC! Polymer Division. 
P.O. Box 224. Belmont Victoria 3216, Australia. 

June 3-7, 1991 : 11th FIP Congress. llamburg, 
West Germany. Contact: FIP Office, The Insli­
lution of Structural Engineers, 11 Upper 
Belgrave SLrcct, GD-London, U.K SWIX 8BH. 

September 3-6, 7991 : Diagnosis or Concrete 
Slruttures, Czechos lovakia. Con1.ac1: Doc. Inc. 
Tibor JAVOR, Dr.Sc. VUIS Lamacska 8, 81714 
Bratislava, Czechoslovakia. 

November23-28, 1992: 9th International Con­
gress on the Chemistry of Cement, New Delhi, 
India. Cont.act: The Secretary-General, 9Lh 
International Congress on I.he Chemistry of 
Cement 1992, National Council for Cemcm and 
Building Materials, M 10 South Extension II , 
Ring Road, New Delhi 1JO049, India. 
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001 FERROCEMENT 003 FERROCEMENT, A VERSATILE 
CONSTRUCTION MATERIAL: ITS 

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

This publication discusses every aspect of 
rerroccmcnt technology: historical background, 
constituent materials, construction procedures, 
mechanical properties and potential applications. 
The flex icover edition incl udcs over 7 5 I ilerature 
references on the subjecL 149 pp., 74 illus. 

Surface mail 
Subscribers US$12.00 
Non-subscribers US$1S.00 

Air mail 
US$14.00 
US$ 17.00 

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

R.P. Pama and Opas Pliromratanapongse 

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

Surface mail 
Air mail 

US$2.00 
us$.i.oo 

Edited by R.P. Pama, Seng-Lip lee and Noel D. 
Vietmeyer 

This report is the product of the workshop 
"Introduction of Technologies in Asia -
Fcrrocemenl, A Case Study", joimly sponsored 
by the Asian Institute or Technology (AlT) and 
the U.S. National Academy of Sciences (NAS). 
Thirteen case studies on the 'State-of-the-Art' of 
fcrroccment technology and applications in nine 
counoics in Asia and Australia arc presented. 
106 pp .• 59 illus. 

Surfitce mail 
Air mail 

US$2.00 
US$4.00 

004 F'ERROCEMENT AND ITS 
APPLICATION -A BIBLIOGRAPHY, 

Volume 1 

It presents a comprehensive list of references 
covering all aspects of fcrrocemcnt technology 
and its applications. This first volume lists 736 
references classified according to subject and 
author indices. All listed rcferccnces are 
available at IFIC which can provide photocopies 
on request at nominal cost ldeal for researchers 
and amateur builders. 56 pp. 

Surface mail 
Air mail 

US$2.00 
US$4.00 
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005 00 IT YOURSELF SERIES 

To acccleraLc transfer of fcrroccmcnL 
Lcchnology to developing countries, IFIC has 
published Lhc following eight Booklets in U1c Do 
It Yourself Series: 

Fcrrocement Grain Storage Bin- Booklet No. I 
Fcrrocement Water Tank - Booklet No. 2 
Ferrocement Biogas /folder - Booklet No. 3 
Ferroccmcnt Canoe - Booklet No. 4 

Cost per Booklet 
Surface mail 
Air mail 

US$2.00 
US$-i.OO 

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

Cost per Booklet 
Surface mail 
Air mail 

US$4.00 
US$6.00 

Tim descriptive tcxL in each booklet is in a 
nonLcchnicaJ language. Material specifications, 
material estimations, construction and post­
construction operation of each utility structure 
arc well discussed. Construction drawings and 
construction gu idelines to ensure better 
workmanship and finished structures arc 
presented. Also included arc ndclitionul readings 
and sample calculations. 

006 FOCUS 

This pamphJet introduces ferroccment as a 
highly versatile form of reinforced concrete used 
for construction with a minimum of skilled 
labour. Published in Bengali, Burmese. Chinese. 
Engl ish, French, Hindi, Indonesian, fapanese, 
Nepalese. Pilipino, Portuguese, Singhalese, 
Spani h, Swahili, Tamil, Thai, Urdu. These 
pamphlets could be obtained FREE of Charge. 

007 SLIDE PRESENTATI ON SERIF.:S 

Construction of Ferroccmcnt Water Tank 
- Series No. I 

An lntroductio1110 Ferroccment 
- Series No. 2 

Ferrocement - A Technology for /lousing 
- Series No. 3 · 

//istorica/ Development of F errocemenl 
- Series No. 4 

Introducing Bamboo as Reinforcement 
- Series No. 5 

Each sel contains 30 color slides wi th a 
description of each sl ide on an accompanying 
bookleL. Additional background information arc 
included where appropriate. The sl ide sets listc<l 
arc intended for use in schools, colleges, tra.ning 
centers and will be equally usefu l for 
organizations involved in rural development. 

Cost per Series 
Developing countries 
Developed countries 

Air mail 
US$15.00 
US$20.00 

008 FERROCEME NT APPLICATIONS: 
ST ATE-OF-THE-ART REVIEWS 

Volume J 

This volume is Lhc compilation of the Statc­
of-lhc-An Reviews published in the Journal of 
Ferrocemcnt. A valuable source volume that 
summarizes published information before 
January 1982. 

Surface mnil 
Air mail 

US$ 8.00 
US$ IO.OO 

009 HOUSING BIBLIOGRAPHY 

Specialized Bibliographies Vol. l 
Housi ng Bibliography includ e~: all 

references available at IFIC on housing, 
constructed in situ and prefabricated. 

Surface mail 
Air mail 

US'S2.00 
US'S~.00 
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010 INTERNA TlONAL DIRECTORY OF 
FERROCEMENT ORGANIZATIONS 
AND EXPERTS 1982-1984 

Th is directory is an inderpensable source for 
dec ision making lO select firms/experts for 
f crrocement related design, construction and 
engineering services. 

226 firms and experts prcscnl their 
capabilities and experience.. In addition, lhey arc 
indexed by types of services pcrfonncd and by 
geographic location of their offices. 

Surface mail Air nuiil 
For Experts and Firms US$ 5.00 US$ 7.00 

listed in the directory 
Li.ft price US$15.00 US$17.00 

011 PROCEEDINGS OF THE SECOND 
INTERN A TI ON AL SYMPOSIUM ON 
FERROCEMENT 

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

The proceedings provide an opportunity LO 

review and update the existi ng knowledge and 
further understand the latest developments and 
progress made in fcrroccmcm technology. 

list price: 

Air mail postage 
Asia 
Others 

US$ 60.00 
(surface postage included) 

US$ 5.00 
US$ 12.00 

'.!IS 

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

This is a compilation of the lecture notes of 
the Short Course on Design and Construction of 
Ferrocement Structures held at the Asian 
Insti tute of Technology, Bangkok, Thailand, 
8-12 January 1985. This publication contains 
every aspect of ferrocemcnt from its historical 
background and constiucm materials to the 
construction procedures. An important feature or 
the lecture notes is tho design criteria for 
ferroccmcnt including examples of analysis 
problems based from the "ACI Design Guide for 
Ferrocemcnl." 

Lisi price: 

Air mail postage 
Asia 
Others 

US$45.00 
(surface postage included) 

US$ 5.00 
US$12.00 

013 FERROCEMENT ABSTRACTS 

Each volume contains 300 abstracts on 
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