
more experimental data to verify the above theoretical approach and to obtain a 
relationship so that it can be used for practical purposes. 
 
The experiments were conducted in a laboratory flume. In each experiment velocities 
were made at every 5 mm in a vertical using a micro propeller meter over two types of 
bed roughnesses. The water surface slope was also measured to estimate Manning’s 
coefficient directly using the Manning formula. 
 
The results are summarized together with the data from Boyer (1954) and the theoretical 
formula (equation 1). This figure seems to suggest that the theoretical formula slightly 
under estimates the Manning’s roughness. However, the broken line drawn through the 
data points show better agreement and the equation of this line is  

 
                               n   =     (x-l) d 1/6                                       (equation 2) 
                                           4.8(X+0.95) for 1<x<2 
 
with the same notation as before. 
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In almost every area of experimentation and research work, readings and results are often 
found to be non-reproducible in an accurate manner. This is specially so in the hands of 
laymen, school and university students, young or inexperienced engineers and scientists. 
Reasons for non-reproducibility and inaccuracy of the results are: 
 
� Lack of sensitivity, R & D experience and essential and basic science education of 

experimenter or researcher. 
 
� Lack of Knowledge in proper recording of observed results which may be due to a 

lacuna of Research Culture. 
 
� Total reliance on, or continuation with R & D results quoted by or extracted from 

another party’s or published, related research work. 
 
� Incorrect readings and results obtained; 

       
a.) due to emergency or circumstantial needs by colleagues or subordinates with lack 

of laboratory and R & D experience. 
b.) By one or more persons with grave personal errors. 

 
� Low-quality apparatus, components, gadgetry, devices and raw materials 

available due to practicing of outdated tender/purchase procedures where lowest 
quotation is accepted or lack of funds. 

 



� Total reliance on instruments and equipment performance, ignoring possible 
malfunctioning. 

 
� Use of new, worn out or malfunctioning equipment and instruments without due 

malfunctioning. 
 

� Effects and distortions caused by known or undetected sources of stray or 
variable magnetic and electromagnetic fields-sunspots occurring in the nearly 
11 year solar cycle; the present cycle is expected to peak sometime between 
June, 1999 too January 2001 – sound (including supersonic and ultrasonic) and 
static electricity, and by variable climate and thundering and lightning 
mechanical vibration, x-rays, perfumes, chemicals, smoke, fumes and gases in 
the vicinity of storage facilities laboratories, studios and R & D sites and rigs. 

 
� Verying production qualities of tools, instruments, components raw materials 

and chemicals supplies etc. with respect to time and location; and their storage 
under unreliable or variable conditions (power, water and gas supply sources, 
climate, deep freezing, thermostating, dehumidifying, air-conditioning, 
fumigation, disinfecting, insect attack bacterial infection etc.) 

 
� Sabotage due to professional, personal, interdivisional, inter-organizational 

academic and/ or political rivalries. 
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Centre median openings are provide in divided roads to facilitate right turns and U-turns 
so as provided access to adjoining lands and by-roads. But improper placing of median 
openings has resulted in interruption to traffic flow thus causing congestions, reduction of 
design speed and increase in the risk of accidents. 
 
The center median openings on divided multi-lane highways are studied to formulate  
a mathematical solution that optimize the spacing of center median openings so that the 
system cost (road user, operation and maintenance cost) is minimized. 
 
The parameters which influence the spacing of center median openings are taken as 
slowly varying, with respect to location. An objective function is developed relating the 
above-identified parameters with the spacing of centre median openings. The objective 
function is optimized using method of calculus to determine the optimum spacing of 
centre median openings, which minimize the system cost. 
 
A sensitivity analysis is carried out to investigate the variation of optimum solution as the 
traffic flow condition varies. In general when the demand for turning is low & through 
vehicular flow is moderate, closely located median openings provide the optimum 
solution and when the demand for turning significant & through vehicular flow is high it 
suggests to have median openings located far apart. But effect of sight distance, safety, 
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