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FATIGUE BEHAVIOR AND DESIGN

OF FERROCEMENT BEAMS

By Perumalsamy N. Balaguru,' Anteine E. Naaman,® M. ASCE,
and Surendra P. Shah,’ M. ASCE

InTRODUCTION

The use of ferrocement in various structural applications other than boat
hulls (such as roofs, shells, barges, water tanks, and silos) has been a subject
of increasing interest recently. Since these ferrocement structures are sometimes
subjected to repeated loading, the knowledge of fatigue behavior is necessary
for design. Some researchers have recently investigated fatigue properties of

ferrocement (6,8,10,11). These investigations were limited in nature and it was .

not possible to obtain information on the fatigue life of ferrocement that can
be generalized for design purposes. Furthermore, no information is available
on the serviceability of ferrocement subjected to repeated loads. Since ferroce-
ment structures are relatively thin and are often designed to be watertight,
the knowledge of deflections and crack widths under fatigue loading is necessary.

This study was aimed at experimentally obtaining fatigue properties (fatigue
life, the increase in deflections, and crack widths) of ferrocement beams subjected
to repeated loadings. Experiments were conducted for three loading levels
(corresponding approximately to about +40%, +50%, and £60% of static yield
load), three different types of meshes, and reinforcement ratios varying from
2%-6%; altogether approx 100 specimens were tested. Based on the results,
design equations were developed to predict the fatigue life, the deflections,
and the crack widths for a given level of load and a given number of cycles,
The method proposed to predict the increase in deflection and crack width
of the ferrocement specimens was applied for comparison to corresponding

Note.—Discussion open until December 1, 1979. To extend the closing date one month,
a written request must be filed with the Editor of Technical Publications, ASCE. This
paper is part of the copyrighted Journal of the Structural Division, Proceedings of the
American Society of Civil Engineers, Vol. 105, No. ST7, July, 1979. Manuscript was
submitted for review for possible publication on April 27, 1978.
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14671 FATIGUE AND DESIGN OF FERRQCEMENT BEAMS

KEY WORDS: Cements; Concrete {reinforced); Cracking; Cracks;
Defiection; Fatigue {materials); Flexural strength; Serviceability; Width

ABSTRACT: Extensive experiments were carricd out on ferrocement beam$ reinforced
with various amounts (volume fraction from 2% to 6%) and types of square stecl
meshes. The beams were subjected to fatigue flexure with three levels of loading
carresponding to approx +40%, -+50%, snd +60% of static yield load. Particular
emphasis was given to the shape of the load-defiection curve and the cracking behavior
as influenced by the number of loading cycles. Based on observed results linear
regression equations are proposed to predict (atigue life of ferrocement as a function of
the siress range in the outermost layer of steel mesh., Also, an exponential relation
with two parameters is developed to predict the increase in defllection, average and
maximum crack widths as a function of applied load, and number of loading cycles.
The preceding relations are shown to be usefully adaptabie to reinforced concrete
beams subjected to fatigue flexure.

REFERENCE: Balaguru, Perumalsamy N., Naaman, Antoine E., and Shah, Surendra
P., “Fatigue Behavior and Design of Ferrocement Beams,” Journal of the Structural
Division, ASCE, Vol. 105, No. ST7, Proc. Paper 14671, July, 1979, pp. 1333-1346
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