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ABSTRACT

Significant efforts have been put all over the world to investigate the problem of cracking and crack
control in reinforced concrete and prestressed concrete members, which adversely affects structural
performances in various ways. In order to utilize the performance-based concept in design more ef-
ficiently, the clarification of cracking is quite important. Under the performance-based design, crack
width is related to various required performances such as appearance, water-tightness and maintain-
ability (reparability) of concrete structures. Crack width also affects durability which is required to
keep the performance requirement by preventing degradation of various structural performances, re-
lated to mechanical properties, including structural safety.

Although the existing guidelines which are related to crack control in concrete structures provide
some design formulae for crack width prediction, most of them were originally developed for tensile
and flexural crack width. They were experimentally obtained and cannot be applied directly to shear
crack width prediction, because shear cracking is caused by a different mechanism.

The purposes of this study are to clarify the shear cracking behavior in reinforced concrete and pre-
stressed concrete beams based on results of experimental investigations and also to develop a rational
prediction method for shear crack spacing and opening displacement which is needed to ensure ade-
quate structural performances.

To achieve the above purposes, detailed information on shear cracking behavior in reinforced concrete
beams with shear reinforcement is obtained by conducting the experiment of 10 simply supported beam
specimens. The effects of the various influential parameters, such as beam size, shear span to depth
ratio, side concrete cover to stirrup, stirrup spacing, stirrup configuration, longitudinal reinforcement
ratio, and loading paths (loading, unloading and reloading paths) on the spacings between shear cracks
and the relationship between shear crack width and stirrup strain at the intersection with shear cracks
were carefully investigated. It was found that shear crack width proportionally increases with both the
strain of shear reinforcement and with the spacing between shear cracks. Greater shear ctack spacings
were found in larger beams and hence resulted in wider shear crack width. The test results also revealed
that shear reinforcement characteristics (side concrete cover to stirrup, stirrup spacing and/or stirrup

configuration) and longitudinal reinforcement ratio play a critical role in controlling the shear crack



spacings and openings. It was illustrated that the distance of shear crack from the crack tip and the
intersection with the nearest reinforcement can significantly affect the variation of shear crack width
along the same shear crack. Conversely, the loading paths (loading, unloading and reloading paths)
show an insignificant effect on shear crack width-stirrup strain relationship. |
Moreover, this study presents a comprehensive review on the prediction models available in the liter-
ature to estimate spacing and width of shear cracks in reinforced and prestressed concrete members.
Next, shear cracks spacings and openings calculated from each design formula are extensively com-
pared with those obtained from seven experimental investigations on shear cracking behavior including
the author’ s experimental investigation to evaluate the effectiveness and accuracy of the existing pre-
diction models. As aresult of this study, a simplified formula for the calculation of shear crack spacing
as well as more accurate model for the prediction of shear crack width in reinforced and prestressed
concrete beams with shear reinforcement are proposed. The simplified formula to calculate shear crack
spacing represents the crack control characteristics of both the longitudinal and transverse reinforce-
ment. The proposed model to predict shear crack width is based on the relationship between shear
crack width and stirrup strain at the intersection of stirrup with shear crack taking into consideration
the spacing between shear cracks and the additional influential parameters on shear crack width. Fi-
nally, spacings and widths of shear cracks estimated by the proposed models show a better correlation
(average and coefficient of variation) with the test results compared to the other existing prediction for-
mulae. The effects of prestressing tendon can be considered in the ratio of longitudinal reinforcement
and the effective concrete area surrounding longitudinal reinforcement. The models can predict both
average and maximum shear crack width and are applicable to fatigue loading.

Keywords: Reinforced concrete beam, prestressed concrete beam, shear crack angle, shear crack spac-
ing, shear crack width, stirrup strain, stirrup configuration, side concrete cover to stirrup, shear rein-

forcement ratio, longitudinal reinforcement ratio.
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