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SU1IID&ry 

For the stoplogs of the WELBEDACHT-DAM in Southatrica investigations 

about vibration during overflow and underflov were carried out using 

a scale model 1 to 50. 

Test series with stoplog models ot different heights and positions 

gave information about hydrodynamic vertical forces, their fluctuations 

(vibrations) and frequencies. 

As to be expected from similar investigations, vibration forces and 

frequencies turned out to be fairly remarkable. 

- 2 ­

~ 
http://www.digibib.tu-bs.de/?docid=00057065 14/07/2014



- 2 ­

I. Introduction 

At the WELBEDACHT-DAM in Southafrica, stoplogs are provided to be 

lowered against full headvater in ca.e the radial gates are 

blocked or damaged. 

Respective stoplog steel structures are under construction of the 

OSD-OILLINGER STAHLBAU GmbH, DILLINGEN, WEST GERMANY. From this 

contractor, model tests were asked to be carried out at the 

TECHNICAL UNIVERSITY OF BRUNSWICK in West Germany (TECHNlSCHE 

UNIVERSITXT BRAUNSCHWEIG). 

The investigations shall give information about vibration conditions 

of the stoplogs simultaneously subjected to overflow and underflow. 

They were carried out in the hydra.lic laboratory of the LEICHTWEISS­

INSTITUT at the TECHNICAL UNIVERSITY OF BRUNSWICK. 
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2. Description of the Model 

A. to be .een from fig. 1 only one opening was reconstructed in the 

model. Such a simplification may be allowed as the interaction with 

neighbour gates ha. no important influence on the origin of the 

vibration•• In order to simulate the complete conditions for this 

one opening, the weir crest, the side walls, the slots and the 

pier. till to their axis were reproduced in the model. By this 

arrangement the contraction of the incoming flow is the same as 

in the prototype. 

With respect to the water supply, the model scale was limited to 

J:k-J:50 

An existing model was used which was constructed just before for 

the determination of a calibration curve for the WELBEDACHT-DAM. 

The model set up and the locations of the measuring devices are 

shown on fig. 1. Par the discharge measurements, two calibrated 

measuring weirs were used, weir No. t (rectangular type) for rough, 

weir No. 11 (triangular type) for fine adjustment of discharge. 

Par an undisturbed water level in the headwater of the gate, a 

pipe layer system and a perforated wall are damping the water 

level undulations from the overtalls of the weirs. The constant 

- 4 ­
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res.rvoir water level was controlled with a point gauge (about 

+ 0.1 mm) in the model. 

Becaule dynamic loads are to be expected, the measurement devices 

had to be accomodated to th••• condition.; here a strain gage 

pick-up was used. A special suspension apparatus was constructed; 

the Btoplog elements are connected with that apparatus by two 

suspension rods acting on a flexible steel plate on which strain 

gages are located (see figs. 2 and 3). 

By the strain gages, the stress altera.tiona are transferred linearily 

into such of electrical resistance. In a WHEATSTONE-bridge, these 

changes of resistance are modulating the voltage output of it; 

after amplifying these volage, are written on a recorder. Fig. 4 

shows the amplifying unit (with WHEATSTONE-bridge, carrier frequency 

generator and demodulator inclosed) together with the recorder 

(both fabricates of HOTTINGER-BALDWlN). 

With the complete set-up of instruments, frequencies up to 125 cps 

can be registrated without damping effects. 

After FROUDE's law the 	scales for the parameters of interest are 

geometry 	 k • : SO 'g .1/6'/-0 ~. J, vre.(­
k 2•Sdischarges 	 :-31250 '"• 	 14b./ / 

frequencies 	 k-O· 5 .. 0.141421 

k3forces 	 • 125000 

For further consideration about scale effects see chapter 5. 
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Fig. 2 


Downstream View 

of the Stop log 

Model (yellow) 

and the Suspension 

Apparatus. 

Radial Gate (red) 

Closed. 


Pig. 3 Flexibl. Steel Plate with Strain Gag~. 

- 7 ­

http://www.digibib.tu-bs.de/?docid=00057065 14/07/2014



-8 ­

-L ­

http://www.digibib.tu-bs.de/?docid=00057065 14/07/2014



- 8 ­

3. Results: 


The results of the model tests are presented on figs. 7 to 16; all 


data are sealed up to the prototype after FROUDE's law. 


As the test series were carried out with the measuring points having 

short distanees from one another not in all eases, supplementary test 

series were necessary. On the respective figures there are plotted over 

the opening rate s: 

Hydrodynamic Vertical Force [Mp] 

Fluctuating Vertical Force r~ ~pJ 

Vibration Frequencies [c.p.sJ 

The measuring points are evaluated from the recorded oscillograms 

of the vibrations. as well the mean hydrodynamic force as its 

fluctuations (fig, 1~). The (mean) frequencies also were taken 

from the oscillograms, Whenever there was recognized a sort of 

beat in the amplitudes of the vibrations the maximum and minimum 

force amplitudes were plotted in the diagrams (figs. 7 to 16). 

It was found out generally that maximum force amplitudes appeared 

together with low frequencies; this was stated also in the investigations 

by NAUDASCHER [1, 2J • 

It shall be noted that in all cases the eigenfrequencies of the 

testing measuring devices in water and air were much higher than 

the frequencies of the vibrations observed (relation 5 to I). 

Supplementary tests with different eigenfrequencies of the measurement 

system confirmed that there was no remarkable influence on amplitude 

and frequency of the vibrations. A strong effect however was found 

from the friction damping from the rollers in the slots; here ball 

bearings of highest quality had to be used for the experiments. 

- 9 ­
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With the supplementary tests, changes of the friction conditions 

also were tested. 

Fig. 7 shows the characteristic dependents of behaviour of forces 

and frequencies during lowering of one beam. Near to the surface 

the mean hydrodynamic vertical force becomes an uplift force; 

the fluctuations are low in this range. 

With smaller opening rates 8, the mean force is directed downwards 

and remains nearly constant till to the end of the lowering process. 

In the fluctuaions, a strong beat action is to be seen; here the 

remarkable maximum of fluctuations is at a position where the 

opening rate 8 is of the order of magnitude of the height of the 

beam. On fig. 7 the frequencies have a weak minimum in the medium range 

of s. 

Figures 7 to 10 demonstrate the phenomenon of the decreasing 

maximum fluctuating vertical force, the more stoplog elements are 

placed on the sill. Therefore, the most critical conditions are 

existing for the lowering of the first stoplog. As in fig. 7, 

the maximum values of the fluctuating vertical forces occur 

whenever there is left an opening rate s of about the height of the 

stoplog units even being lowered. A remarkable maximum hydrodynamic 

downpull action exists for very small opening rates s. 

The frequencies possible to be counted out from the oscillograms 

are in the range of I to 1.5 cps (prototvpe). The changes in frequencies 

can be explained by the differences in the added mass of water. 
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Further test series were carried out with two stoplogs coupled 

forming one clement (see fig. 5). Fi~. 11 shows that the maximum 

fluctuating vertical force is not much less than that for only one 

stoplog (see fig. 7) whereas in fip. 12 this force becomes fairly small 

because the discharge had decreased due to the 2 stoplor, elements 

placed on the sill. 

The fairly undefined region of the hydrodynamic vertical force in fiR. 11 

is to be explained by the fact that here exists a strong beat in the 

vibration process. 

Furthermore it can be stated that the mean hydrodynamic vertical force 

actin?, upward onto two coupled stoplop,s in general turned out to be 

greater than on only one stoplog. This phenOMenon can aho be seen 

from fig. 13 where 3 stoplogs are coupled. On the other hand in this 

test the lowest value for the fluctuatinr. vertical force occurs. 

The interpretation of all the behaviour of the verti.cal force and 

its fluctuations it: hil'hly difficult. The load<: an ('xci tcri on the 

upner and under surface of the longitudinal heams; at the skinplate. 

zones of separations nre present at these SUrflC(!s. <~ltrthennorc 

the eddy Reneratinn in the zone of separation behind the complete 

system together with air pocket effects ("-(,0 chant·:'r I.;) ~avc some 

com!,lications more. It is sure ho,,'cver that a control of the forces 

is possible by fixing th! points of separation at the cnd of the 

structure. In order to demonstrate this, a test series was carried 

out with streamline faeings at the top and do~m side of the stoplo~ 

unit as to be seen from figs. 6 and 14. It shall be underlined that 

this form of faeings does not give condi dons of optiMum especially 

for the mean hydrodynamic force; it can be seen however the high 

reduction of the fluctuations on fig. 14 compared with fig. 7. 
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Fig. 5 Two Stoplogs Coupled; Special Formed Elements 
Attached to the Suspension Rods. 

Fig. 6 Modified Stoplog with Wire Rope Suspension. 
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FIG.7 
HYDRODYNAMIC VERTICAL FORCE [Mp) 
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FIG.8 
HYDRODYNAMIC VERTICAL FORCE [Mp) 
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FIG.9 
HYDRODYNAMIC VERTICAL FORCE [Mp] 
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FIG.10 
HYDRODYNAMIC VERTICAL FORCE [Mp] 
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FIG.11 
HYDRODYNA~1IC VERTICAL FORCE IMp} 
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FIG.12 
HYDRODYNAMIC VERTICAL FORCE [Mp] 
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EXCITATION COEFFICIENT Ce 	 FIG. 16 
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Here seems to be a reasonable way for mitigating the vibration 

forces; it should be possible to get also a reduction of the mean 

hydrodynamic forces by suitable streamlining of the facings. 

The last test series was performed with the radial gate at a 

partial opening rate of 1 m blocked as shown on fig. 15. As expected 

at such a low discharge vibration forces are extremely reduced and 

the fluctuating vertical force above 2.5 m stoplog position could 

no longer be noted. 

In order to control the results with the rigid measurement system 

sometimes the stoplog was suspended by two wire ropes. So it could 

be checked that as long as hydrodynamic do~mpull was acting the 

forces were the same as measured with the rigid system (fig. 14). 

In addition from the results on figs. 7,11,13 and lit, dimensionless 

presentations of them were established hy plotting the excitation 

coefficient (see ~AtrnASCHE~ 1"59) 

60/2 j 

r,.. ' 
e y. F . (h - s) 

over the ratios a/d and s/h (fig. 16). Tt can be seen that the 

maximum of the fluctuatin?; force always lies i.n the range 

O. 5 ~ aId < I 


or O. 15 ~ slh ~ O. 25 
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The exciting coefficient becomes more than 1 for cases 1 (1 stoplog) 

and 11 (2 stoplogs coupled): a reduction of the maximum exciting 

coefficient about C • 0.2 only occurs in cases III (3 stoplogse 

coupled) and IV (1 stoplo~ with faclngs). 
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4. Special observations: 

4.1 	As already mentioned before, the stoplog elements had been 

suspended by two circular rods of 2 mm diameter. Those 

suspending rods seemed to be the reason for a remarkable 

disturbance in the flow pattern to such an exent. that till to 

a certain Btoplog depth the nappe was not strong enough to 

prevent air to entrain into the upper part of the wake. 

Additionally could be observed that there was a second 

possibility for air entrainment at the stoplog slots. 

In order to get relative safe results those difficulties had to be 

overcome. Therefore special formed level control element. 

were attacbed to the suspending rods a8 to be seen from fig. 5. 

the upper parts of the Itoplog slots were closed. 

At this place it must be said, that whenever this procedure 

was carried out, it could be observed a magnification of the 

excitation as well as an increase of the upward hydrodynamic 

vertical force. This had been discovered soon after the first 

runs; therefore. all test series were carried out witb tbese 

level control elements because the relative thin ropes in the 

prototype sball prevent air entrainment in their wakes by itself. 

4.2 	Significant for most of the hydrodynamic vertical force-curves 

is the maximum downpull at small opening rates (i.e. the distance 

between stoplog being lowered and the sill, respectively upper 

parts of tbe stoplog elements placed on the sill). 
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At those opening rates, especially in the test series according to 

figures 7 to 11, there was another phenomenon observed that had 

not been taken up into the diagrams: In accordance with the acting 

downpull there was noticed a steady vibration with characteristics 

difficult to be read from the oscillograms. As the peak to peak 

values of the amplitudes were very small and differed to a certain 

extent, frequencies could only be estimated approximately. In this 

way 	 comparatively high frequencies were found 

for test series according to fig. 8 18 cps. and 

for test series according to fig, 9 8 cps. 

Similar vibrations could also be recognized in the test series 

according to figs. 7, 10 and 11 but here it was not possible to 

count out the frequencies. 

4.3 	Test series performed with wire rope suspended stoplogs generally 

showed fluctuating vertical forces many times more those obtained 

from rod suspended stoplogs. The test series carried out in this way 

always ended with the stoplogs jumped out of the slots. The only 

exception to that rule was the modified stoplog after figs. 6 and 

14. This matter of fact can be traced back to the more favourable 

working surface of the hydrodynamic vertical force as well as to 

the more downstream located separation zone. 
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4.4 	The vibration process in the test series with two coupled 8toplogs 

by far looked most dangerous. Here, the nappe also showed a strong 

fluctuating pattern resulting in a hard impact near the crest of 

the weir. This time it must be feared that in the prototype not 

only (the steel structures and) the suspension of the stoplogs 

but also the concrete of the weir could be damaged. Rven though the 

maximum fluctuating vertical force in this case turned out to be 

a little less than that for only one stoplog. the above mentioned 

effect also is demonstrated by the maximum excitation coefficient 

c ~ 1.25 (see fig. l~).
e 
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S. A Remark on Scale Effects 

As already mentioned in chapter 2, an existing model had to be used 

with the scale 1 to 50 according to the water supply. 

For the problems to be studied here, 4 model laws have to be taken 

into consideration: 

J. 	FROUDE's law 


Concerning gravitation and inertia forces 


2. 	REYNOLDS' law 


Concerning inertia and viscosity (friction) 


3. 	CAUCHY'. law 


Concerning inertia and elasticity 


4. 	WEBERS' law 


Concerning inertia and surface tensions 


Before FROUDE's law had been used for scaling up to prototype, it must 

be shown that the otber laws are of considerable less influence on 

forces and fluctuations than the law of FROUDE. 

The influence of REYNOLDS'number by friction effects is negli~ible 

because wall resistance is small compared with the other forces. 

Also from the points of separation, no difficulties occur because 

they are fixed by the ends of the skinplate; exceptions only could be 

expected by some special forms of facings. 
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But there exists another scale effect by REYNOLDS' number in 

connection with the STROUHAL number: 

S • f • d/v 


f • frequency of the KARMAN wakes in 


the separation zone behind the stoplog 


d • height of stoplog structure 


v • stream velocity 


For rigid circular cylinders, it has been shown that the STROUHAL 

number becomes constant for REYNOLDS' numbers higher than R ~ 2 000 ~3·. e 

Here the REYNOLDS' numbers are, with v • 5 m/s approximately for the 

-6 2prototype and v • 10 m /s 

R • d • v _ 2.0 • 5 7Prototype: e v -6 • 10 
10 

R 0.04. 0.706 4Model: 10e • -6 • 3 • 
10 

Even for a structure different from a circular pile, the REYNOLDS' 

number of model and prototype are so high that constance of STROUHAL 

number can be expected. 

In this case vibration frequencies can be scaled up after FROUDEts 

law. 
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Air entrainment, elasticity and damping effects are not included in 

this consideration. From CAUCHY's law the complete elasticity structure 

of the prototype has to be considered. It contains elasticities of the 

stoplogs and parts of it, of the ropes and the winching machinery. 

Additionally, the slackness of the bearings and rocking effects in the 

ropes are of influence. It is impossible to simulate all these components 

in a model after CAUCHYts law because suitable materials are not 

available. This is because the relations of density (masses) of the 

structure and the water must be the same in prototype and model. 

However, it seems that vibration during overflow and underflow is more 

an effect of exciting vibration inside the nappe of water at the 

separation zone; therefore the elasticities of the structure can be 

neglected in first approximation. This has been pointed out especially 

by the physical model developed by NAUDASCHER i1, 2] in agreement with 

the tests of NAUDASCHER in the results presented here, no reasonable 

change of forces and amplitudes of fluctuations were found by changing 

the elasticity of the measuring system (chapter 2). For another hydroelastie 

system (two high head gate. with short distance between each other) 

KRUMMET [41 found a good agreement between the measured forces and 

fluctuations in the prototype and in the model 1 to 10; he also neglected 

the elasticity of the model system. 

In connection with CAUCHY's law, the elastical elongations in their 

coupling with the added masses of water also control the damping effects 

with viscous and turbulent friction. It is to be expected, however that 

the damping by turbulence mixing is predominant in the energy consumption 

of the vibrating nappe. Here scale effects are possible; it has been 

shown (chapter 3) that also friction damping from the rollers can have 
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a considerable influence on the fluctuating forces. By air entrainment, 


the mixing process as well as the hydrodynamic loads are influenced too; 


because surface tension is the same in model and prototype, a 


similarity after WEBER's law cannot be established. It is difficult to 


separate these influences; the best way to get a better knowledge would 


be to use a family of models together with measurements in prototype. 


This, however, only can be a proposal of basic research and cannot be 


carried out inside the possibilities of this special investigation. 


So it cannot be excluded that some scale effects Are to be expected for 


the results presented in the study. 


From the predominance of the selfexciting vibration of the water masses 


in the wake of the beams together with damping by turbulence mixing, 


however, it can be stated as sure that the order of ~gnitude. both of 


the forces and the amplitudes of fluctuations, will be similar in 


prototype and model for the different systems investigated. 


For practical application, it seems not to be advisable here to adjust 


the structure against these strong forces and fluctuations; it should 


be better to seek for a solution where they can be avoided completely. 


- 31 ­ ~~ http://www.digibib.tu-bs.de/?docid=00057065 14/07/2014



- 31 ­

...... 
I / 

h~VC 

~~, 


6. References 

It) 	 E. Naudascher. Beitrag zur Untersuchung der 

schwingungserregenden KrUfte an gleichaeitig Uber- und 

unterstr8mten WehrverschlUssen. 

Techn. Mitt. Krupp, Band 17 (1959) Nr. 5 

[21 	 E. Naudascher, Vibration of Gates during Overflow and Underflow. 

Journal of the Hydraulics Division. 

Proceedings of the American Society of Civil Engineers Sept. J961. 

[3J 	 Blenk, H. Fuchs, D. u. Liebers, F.: Luftfahrtforschung 12 

(1935) S. JB/4J 

[4J 	 Krummet, Untersuchung von Schwingungserscheinungen am unteren 

VerschluB zweier hintereinander angeordneter TiefschUtzen 

MAN-Forschungsheft Nr. 11 (1963/64) 

Lehrstuhl fUr Hydromechanik und KUstenwasserbau 


Department of Hydrodynamics and Coastal Engineering 


() ~.~ 	 h0IL~~ j 

o. pro~r.-Ing. FUhrboter wiss.Assi;t~~tY~l.-Ing. BUsching 
t 

Braunschwei Po, 15-11-) Q71 

http://www.digibib.tu-bs.de/?docid=00057065 14/07/2014




