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A Resistance law for Extreme Natural Roughness in Pressure

Pipes Based on Statistical Methods

By :

Dr. Ing. M. T. Monzavi

Contradiction and uncertainity in estimating the roughness parameter k,
{ equivalent value of sand grain roughness) for the extremely rough region
D/k,< 15 gives occasion to further investigation on this problem. The aim of
this study is to determine the rouhness parameter k, with more precision or to

find other characteristic parameters for this region of roughness.

Up to this time the investigation of various authors has been limited to
cases of regularly arranged roughness elements of uniform geometrical shape.

In relation to these investigations it will be shown in this paper that the
description of surface roughness by the height of the roughness elevations alone
is not sufficient; in addition other parameters are required to describe the shape
and arrangement of the roughness elements.

To this purpose nine types of roughness models were built showing various
characteristics corresponding to many natural examples. Hydraulic tests were

carried out on these models and their wall surfaces were statistically evaluated.

The experimentally determined A—values are correlated with hydrome-
chanically signifficant statistical parameters of the surface structure. Every para-
meter is examined with regard to its advantages and disadvantages, possible con-
tradiction in special cases, its practical application and finally with respect to

its influence on the value of A.

The examination yields the following three main statistical parameters :




o[m] Standard Deviation as a measure for the intensity of surface roughness.
Its effect on the drag coefficient has been confirmed by recent works of other
authors.

8[m] Half-Width-Value. It is chosen because of properties of autocorrelation
function and based on the result of measurements carried out on several profiles
with constant geometrical form. 8 is a measure for the mutual top distance of
roughness elements in flow direction.

B[—] Absolute average value of the rough surfaces slope. B describes the form
of the roughness elements.

The drag law for extreme natural roughness has been experimentally de-
veloped on the basis of Prandtl’s mixing length theory.

In order to give the drag law a more general validity nine types of
roughness models with different surface structures have been prepared for the
hydraulic tests.

The deviation between the experimental results and the computed r—value
in the extremely rough region could be substantially reduced by this drag law.

Furthermore the accuracy which can be achieved by replacing k; with o
in Prandtl’s drag equation can be proved with regard to hydraulic investigations
of other authors. The result in the normal rough range leads t a good approxima-
ion for the A—values.

It may be assumed that the uncertainity in the estimation of equivalent
sand grain roughness in the normal rough range can be reduced by application
of these three parameters derived from further investigations using more minute
measurement steps.

An appropriate form cocfficient would allow the expansion of the drag
law formula introduced in this paper to include non-circular profiles and open

channel flow properties. This would require further investigation of free-surface

tlow.



