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1.Introduction 

Inland water transport with regard to its economical prio
rity and its influence on the environment recently recorded a 
considerable development. The contemporary development in the 
structure of inland waterways is characterized by building high 
shipping steps and large locks.A lock is from the view-point of 

the density of traffic a critical element on a waterway,in fact 
it is a limiting factor of the density of traffic. 

In order to obtain the minimum lockage time of a vessel 
/barge/ in the lock chamber the design of the filling and emp
tying system required must enable the lockage of a vessel as 
fast as possible.Since the filling and emptying time of a large 
lock with a high lift is considered to be the largest part of 
the total lockage time,it is necessary t.o find its optimum va
lue with regard to the physical safety of vessels. 

To describe the filling and emptying of the lock in terms 
of hydraulics,it can be said,t.hat it is very complicated pheno
menon and theoretically is not as yet completely explored,espe
cially in the case of large locks,which are filled/emptied/thr
ough~ a complex hydraulic system. The phenomenon of unsteady 
flow with unceasingly changing hydraulic parameters takes place 
in the lock chamber.The wat~r surface slope resulting from the 
above mentioned phenomenon in the lock chamber makes a compli
cated spatially curved surface,where the resultant of the water 
surface slopes in the longitudinal and transverse direction cau
ses the motion of a vessel in the lock chamber,and thus hawser 
forces occur during the filling of the lock chamber. 

Direckt measuring of hawser forces is very difficult .. That 
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is the reason why there exists a tendency to measure the course 
of deformation of the water surface during the lock filling/emp
tying/process sufficiently precisely,amd on the basis of these 

measurements to determine the course and magnitude of the haws
er forces. 

The measuring of the water surface deformation in the fil
ling of the lock was made on a model study of the Gab~ikovo lock 
on the Danube River.The scale ratio of the model was 1:33,33, 
whereby the actual dimensions of the lock were:the lenghu was 
275 m,width 34 m and lift 23,6 m. 

The water surface slope in the lock varies in the process 

of filling/emptying/according to the filling velocity and the 
water surface level raised up to 700 mm/in the model study/ in 
a short time interval/2-3 minutes/.The measuring method requi
red to determine the water surface slope under the above menti
oned conditions must enable in this short time interval to car-

r~ut about 20-30 measurements of the height of the vessel ter
minal points accurate to mz '= ± 0,5 mm· 

Out of various measuring methods in our case we used the 
photogrammetric method with time basis,which recorded the mag .... 
nitudes by means of recurring exposures of the lock chamber on 
one photographic plate.The photographs were made by the univer
sal measuring camera UMK 10/1318 Zeiss Jena and were reprodu
ced on photographic plates of the type WP-1,the sensitivity of 

the plates is 22 DIN ORWO. 

2. The Distri b~"!~~_~~Ed Signa.lling of the Control and Observed 
Points. 

The control pOints/A,B,C,D,E/were located on the plane of 
the rear wall of the lock chamber/fig.1/,whereby points A and 
B were in the same level and at the same time the line connect
ing these two points was the X-axsis of the lock. 

The observed points/1,2,3,4/were located on the axsis of 
the middle vessels of the barge/fig.1/.The line connecting the
se points was parallel to the X-ax$is and the distance between 
these two lines was AY. 

The control and observed points were signalled by minia
ture bulbs made by TESLA/2,6 V and 0,2 A/. 
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The spatial co-ordinates of the control points and stand
point S were determined by using the forward intersection method 
/m ==! 01'3 mm/in the local co-ordinate system and then transxy 
formed to the co-ordinate system the lock chamber/X,y,Z/. 

3.Despatch of Photograp~~ 
The photographs were made at the standpoint S/a bracket on 

the wall of the hydraulic engineering laboratory/fig.1//.The le
velled axis of the shot was aimed at the control point E by the 
orientation device of the measuring camera. 

The lock was photographed by means of recurring exposures, 
the interval being 5 sec.,on one photographic plate in a darke
ned laboratory~whereby the changes of water surface slope were 
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Figure 1 

intercepted as a function of the lock filling time.The control 
points were photographed before the filling valve of the lock 
was opened. The camera was shut by an electrical device. 

The lock chamber was photographed at three different valve 
opening periods/80,120,100 sec./,whereby the photographs were 
made for valve opening period 3-5 times. 

4 • Me?:s ur i!l~f_ t,h e -E.1?:g_.~_9_gE.9-p~_~..!.. 
The photographic co-ordinates of the frame marks, the con-

trol and observed points were measured by a monocomparator KO-
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MESS 30/30 Zeiss Jena accurate! 2 ~m.The comparator co-ordina
tes (x~),{z~)of the above mentioned points were transformed by 
the means of an affine transformation to the co-ordinate sys
tem of the frame marks x."z" in the photographic Plate~.,. 

5.Computation of the Water ~urface Slopes 
The water surface slope for the individual lock filling 

operations was computed on the computer WANG 2200.The computer 

program in BASIC was based upon these computational stages: 

hstage : 
The photographic co-ordinates of the control and observed 

points x f ,z1 ,in the photographic plane ~f /the axis of the 
shot was aimed at point E - fig.2/,were converted into the pho-
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Figure 2 

tographic Plane~PK /x;zJ,which is parallel to the X,Z plane 
of the lock chamber,according to these equations(1): 

f2 _ ,2 , , ~ x" 
x = x,- tg 1 

f - x~tgf 

1 , 
Z = 

cos'f - x.r/f. sin" 

where 

f is the constant of the measuring camera, 
'of - corrected angle of displacement of the shot axis'" = "t'_ df , 
d'f- correction of the angle of displacement/aiming error/. 
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II.stage: 
, , 

The photographic co-ordinates of the observed points x,z 
C-

in the obotographic Plane]PK,were transformed into the lock 
co-ordinate system,using these equations: 

Xi = Xo + a1/xi· ms/ + b1 /z ~.m / .. l s 

Zi = Zo + a2 /z i·ms/ + D2/xi .msl 

where 
a 1 ,b1 ,a2,b2 - transformation factors of the affine transforma

tion, 
- translation of the affine transformation, 

scale number of the observed points,which is eq
ual for all observed points and is calculated from 
the following equation/fig.2/: 

AYAS - Ie + Ayl 
ms = 

f 

The deviations of the barge in the direction of the lock 

chamber Y-axis are minimum, because the barge moves along fixed 
guiding poles and therefore the difference ~Y/fig.21 is equal 
for all observed points. 

Photographic co-ordinates of the control points were con
verted into the lock co-ordinate system, using the following re
lations: 

, , 
Xi = Xi- msi ' Zi = Zi'1II msi 

The scale numbers for the individual control points were compu
ted by the equation: 

AYi S - e 
= ' 

f 
m . 

Sl 
, i = A, •••••• ,E 

where 
YS co-ordinate of the measuring camera standpoint, 
y. - co-ordinate of the i-control point, 

l 

e - eccentricity of the projection center, 
e = e - Ae. 

A e = e - ecos'f • 
III.stage: 

The water surface slope was calculated from the co-ordina-

V ... 137 



tes of observed points X,Z in the lock co-ordinate system by 
these equastion~ 

• 1000 
Ax .. 1,J 

where 

AX. . = x, . - x. '. 1 ' A z. . = Z. . - Z. . 1 1,J 1,J l,J- 1,J 1,J 1,J-

i = 1,2,3,4 

6.0btained Result 

, j = 1, ••••.••• ,n 

The given values are results of three measurements/photo
graphs B7,B8,B9/of the water surface slope, between the observed 

points 4 - 1 /fig.1/,whereby the valve opening period was 100 
sec. 

The course of the water surface slope as a function of the 
lock filling time was projected by the plotter of the computer 
WANG 2200/fig.3/.The time intervals of the exposures,the water 
surface levels,heighst of overtravel between the observed poin
ts 4 - 1 and water surface slopes are given in table 1/in table 
are E-time interval of exposures/sec./,H-water surface level/mm/, 
DH-height of overtravel between the observed points /mm/ and 
S-water surface slope in the lock /%0/1. 

The reasearch results confirmed the fact, that the photogra
mmetric method is the most convenient method out of all tested 
method?;; and completely satisfies the required accuracy of mea
suring the water surface slope and the time course of the fil
ling/emptying/of the lock chamber. The accomplished accuracy in 
determining the heights of the terminal points of the bar~ge is 
mz = :t 0,30 mm. 

7 • Co"~_cl usion. 
The magnitude of the hawswr forces in the lock chamber can 

be determined on the basis of sufficiently accurate measuringes 
of the course of the water surface deformation,as well as the 

assumption of the course of the hawser forces during the filling 
/emptying/of the lock. 

The actual possibility of using the described method in 
[) 

practice will ~nable us to work out the optimum manipulation of 
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opening and closing the filling valves,and at the same time to 
accompish the shortest possible lock filling time and the re
quired safety of the vessels. 
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