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1 . INTRODUCTION 

In order to v e r i f y the ca p a b i l i t y of f i n i t e element models with the 
co n s t i t u t i v e model MONOT (Molenkamp, I98O) to predict both the 
i n i t i a t i o n of li q u e f a c t i o n of a slope of loose sand and the i n i t i a l 
flow pattern a series of li q u e f a c t i o n tests i n the BRUTUS-tank at 
De l f t Geotechnics has been proposed (Molenkamp, 1982) . 
I t was intended to prepare numerical predictions before performing the 
actual tests. For these predictions to be r e a l i s t i c the boundary 
conditions and the s o i l parameters i n the experiment should be known 
before hand. Besides the experimental set-up should be adapted i n such 
a way that l i q u e f a c t i o n could be induced i n a controlled way. 
Therefore a series of c a l i b r a t i o n tests were performed and required 
improvements of the experimental set-up were defined (Greeuw, 
Molenkamp, 1986) . 

Although the numerical predictions were not available yet the 
experiments were started i n September 1986. During the preparation of 
the sand bed several experimental problems were met. A l l problems 
involved the preparation of the p r o f i l e of the slope. The te s t was 
performed successfully. 

During the elaboration of the measured data i t was found that the 
p l o t t i n g software had to be adapted i n order to p l o t a l l measured data 
at the same time scale. 

I n t h i s report the test i s described and the measured data are 
presented i n such a way that a comparison with numerical predictions 
i s possible. 
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2. EXPERIMENTAL SET-UP 

The BRUTUS-tank has the following i n t e r n a l sizes: 
height : 1 meter 
width : 1 meter 
length : 2 meters 

The side walls of the box are made of glass with a thickness of 4 cm. 

At a l e v e l of 3 cm above the bottom of t h i s box a f l u i d i s a t i o n system 
i s i n s t a l l e d , which consists of 20 p a r a l l e l p.v.c. tubes with a 
diameter of 5.0 cm (see fig u r e 1). These 20 tubes are interconnected 
by a s i m i l a r tube supplying them with the water f o r f l u i d i s a t i o n . I n 
the 20 f l u i d i s a t i o n tubes sets of three holes with 1 mm diameter have 
been d r i l l e d at distances of 10 cm, through which the f l u i d i s a t i o n 
water can enter the tank. I n fi g u r e 1 also the planned geometry of the 
slope i s indicated. 
I n the Brutus-tank an uniform horizontal bed of loose sand can be 
prepared under water by applying f l u i d i s a t i o n and subsequent 
sedimentation. Then the slope can be made under water by sucking 
consecutive t h i n layers of sand (see fig u r e 2). This i s done by moving 
a suction head with a spoiler (see fig u r e 3a) across the sand surface. 
To prepare a f l a t surface the suction head i s mounted on two 
interconnected carts on top of the tank. One cart allows the 
lo n g i t u d i n a l motion; the other the transverse motion. The l e v e l of the 
suction head with respect to the carts can be varied continuously. 
The suction i s supplied by an ejector (venturi)(see figures 3b and 
3_c) , which i s water operated. To prevent severe vibrations i n the tank 
and subsequent d e n s i f i c a t i o n the ejector with hoses i s hung f r e e l y on 
a rope above the carts. 

To apply f l u i d i s a t i o n , water i s pumped from a reservoir ( via the by­
pass, see fig u r e 2) to the tubes f o r f l u i d i s a t i o n . The tubes can be 
saturated before f l u i d i s a t i o n i s started. For l a t e r t e s t i n g the water 
from the reservoir can be pumped v i a a valve (Samson AG, type 241-1) 
and a flow meter (flowmetering instruments LTD, type: D 357-001/002) 
i n the f l u i d i s a t i o n system; i n t h i s way the flow of water to the 
bottom of the BRUTUS-tank can be controlled. Also the d i f f e r e n t i a l 
pressure across the holes at the end of the f l u i d i s a t i o n tubes can be 
measured by means of a d i f f e r e n t i a l pressure gauge; i t measures the 
difference i n f l u i d pressure at the same l e v e l i n the tubes and i n the 
sand. To prevent mechanical damage to the f l u i d i s a t i o n tubes a metal 
g r i d i s positioned on top of the tubes. 

Several sensors have been i n s t a l l e d , namely: 
4 pore pressure gauges at the bottom of the tank (= PPGB) 
9 pore pressure gauges i n the slope (= PPGS) 
3 gap sensors near the toe of the slope (= GS) 
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The locations of these sensors are indicated i n figures 4a and 4b. 

The pore pressure gauges i n the slope have been connected to nylon 
wires, which have been stretched between the metal g r i d near the 
bottom and a support near the top of the tank. During the test these 
wires have been detached from the upper support and have been 
supported by small f l o a t s to f a c i l i t a t e r e t r i e v a l of the sensors (see 
figure 5 ) • 

The gapsensors have been connected to very s t i f f bars, supported at 
the top of the tank. The r e f l e c t o r s consisted of a piece of perspex 
with dimensions: 

length : 160 mm 
width : 35 mm 
thickness : 3 pn 

and a piece of copper glued to i t with dimensions: 
length : 85 mm 
width : 35 nmi 
thickness : 0.5 mm 

These r e f l e c t o r s were stuck v e r t i c a l l y about 90 mm i n t o the s o i l . 

The above mentioned equipment f o r the preparation of the p r o f i l e of 
the slope has been developed during a process of solutions of 
consecutive experimental problems. 

I n the f i r s t t r i a l the suction pressure i n the suction head was 
produced by the hydraulic head of the water i n the BRUTUS-tank. The 
suction head was moved by hand. This produced a very i r r e g u l a r suction 
and often a complete blockage of the suction pipe occured. 
In the fol l o w i n g t r i a l the suction was produced by an ejector 
( v e n t u r i ) . This ejector produced better suction without any blockage. 
However, the motion by hand of the suction head appeared to be too 
i r r e g u l a r to obtain the required p r o f i l e . Several times the sand bed 
l i q u e f i e d while using t h i s method. To obtain a controlled horizontal 
motion of the suction head on top of the tank a guiding system was 
mounted. This system consisted of two carts on top of each other. The 
lower cart could move i n longitudal d i r e c t i o n of the tank; i t s width 
was equal to that of the tank. The upper cart could move i n the 
transverse d i r e c t i o n of the tank. The suction head was connected to 
t h i s upper ca r t ; i n t h i s way i t could be moved by hand i n a horizontal 
plane at any l e v e l i n the tank. I t was thought to be possible to suck 
o f f horizontal layers with a constant thickness. However, several 
refinements of the mounting of the suction pipe appeared necessary to 
obtain s u f f i c i e n t f l e x i b i l i t y to remove a t h i n layer of sand across 
the required area. Near the sides of the tank the sand bed became 
i r r e g u l a r ; besides both the slope and the surface of the horizontal 
sand layer could not be made f l a t and once an i r r e g u l a r i t y induced a 
spontaneous l i q u e f a c t i o n of the slope during the suction process. 
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As a possible remedy the suction head was adapted with spoxlers to 
allow suction from the f r o n t of the suction head only. After these 
adaptations the required p r o f i l e could be made. However, i t was found 
that during the preparation of the slope s i g n i f i c a n t d e n s i f i c a t i o n had 
occured; t h i s d e n s i f i c a t i o n was believed to be caused mainly by the 
vi b r a t i o n s , which were induced by the ejector (venturi) which was 
mounted on the upper cart on top of the tank. Despite the high density 
a f i r s t l i q u e f u c t i o n test was performed, but because the sand was too 
dense no l i q u e f a c t i o n occured. 
To prevent the de n s i f i c a t i o n during the preparation f o r the next 
proper l i q u e f a c t i o n test on loose sand the ejector was hung f r e e l y 
above the carts; i n t h i s way no vibrations were propagated to the tank 
and a s u f f i c i e n t l y loose sand bed was obtained. 
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PREPARATION OF SLOPE 

After i n s t a l l i n g the 4 porepressure gauges at the bottom and the 9 
porepressure gauges f o r the slope on the nylon wires the tank was 
p a r t l y f i l l e d with water. Then the sand was placed h y d r a u l i c a l l y , to 
prevent any damage to the pore pressure gauges, which are r e l a t i v e l y 
sensitive (maximum ranges of 175 and 350 mbar). The t o t a l dry weight 
of the sand was approximately 2600 kg. 
Then the f l u i d i s a t i o n could be started. The water entered from the 
reservoir v i a the "by-pass". The flow of water was controlled i n such 
a way that the surface of the f l u i d i z e d sand reached to only 1 cm 
below the overlet of the tank; the required flow was 50 - 60 L/min. 

To ensure a complete f l u i d i s a t i o n of the sand bed a steel s t i r r i n g 
p late was moved through the sand on top of the metal g r i d at the 
bottom of the tank. This f l u i d i s a t i o n was maintained u n t i l the 
outcoming water was clear; t h i s took about 4 hours. 
After stopping the flow of water the sand s e t t l e d during one hour. 
Then the surface reached a l e v e l of about 750 mm above the top of the 
metal g r i d . 
Next again f l u i d i z a t i o n was induced. During t h i s phase both the 
d i f f e r e n t i a l pressure and the pore pressures at the bottom of the tank 
were measured. The results are shown i n figure 6. I t should be noticed 
that i n the p l o t the time bases of the d i f f e r e n t signals have been 
s h i f t e d . 
The d i f f e r e n t i a l pressure increases w i t h i n about 3 minutes to about 
43 mbar. The pore pressures at the bottom (channels 11, 13 and 14) 
increase w i t h i n about 1.4 minutes to an average maximum value of about 

69 mbar; (* 6900 - j - ) ; i n f a c t also an overshoot of about 5% occurs. 

The pore pressure at channel 12 indicates only 54 mbar, (* 5400 -r) 

thus only 78$ of the other sensors. 

The expected increase i n pore pressure Au at the bottom of the tank 
during f l u i d i s a t i o n i s calculated by: 

Au = (1 - n)(T - Y ) h v s w (1) 

i n which (see Greeuw, Molenkamp, 1986) 

n =0.465 : assumed porosity 
: u n i t weight of mineral 

u n i t weight of water 
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For an estimated thickness of the f l u i d i z e d bed above the metal g r i d 
of h = 0.75 m the increase i n pore pressure near the bottom reads: 

Au = 5754 ~ 

and f o r an estimated thickness of a l l the sand above the bottom 

h = 0.75 + 0.105 - 0.855 m 

i t becomes 

au - 6559 It 

Comparing the measured and expected pore pressures i t can be concluded 
that near the gauges of channels 11, 13 and 14 a l l the sand has been 
l i q u e f i e d while near the. gauge of channel 12 a layer with the 
thickness Ah may not have been f l u i d i z e d , while: 

Ah * 0.855 * * 0.19 m 

I n t h i s case the s t i r r i n g might have helped to improve the homogeniety 
of the l i q u e f i e d mixture. 
A f t e r stopping the f l u i d i s a t i o n again and allowing settlement during 1 
hour the sand reached the same top l e v e l of 0.75 m above the top of 
the metal g r i d . Then the sand was densified by giving impacts to the 
side of the tank. As a r e s u l t the surface s e t t l e d to a l e v e l of about 
0.678 m above the top of the metal g r i d . Then a series of input flows 
were applied. The results are shown i n figures 7A and 7B. I n table 1 
the measured average excess pore pressures Au, the d i f f e r e n t i a l 
pressure Ap (channel 15) and the flow q (channel 16) have oeen 
coXlsctsd. • 
The properties of the f l u i d i s a t i o n system can be expressed i n the form 
of a r e l a t i o n between the flow q and the d i f f e r e n t i a l pore pressure 
across the holes of the f l u i d i s a t i o n tubes. 
The measured flow q and d i f f e r e n t i a l pressures Ap of table I are shown 
i n f i g u r e 8. The measured data have been f i t t e d by the following 
expression: 

q = C Ap a (2) 

i n which Ap i n kPa and q i n L/min. 
The f i t of f i g u r e 8 i s obtained by using the following parameters. 

C = 17.092 L/min 
ct = 0.719 
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I n f i g u r e 9 the flow q i s shown versus the excess pore pressure Au at 
the bottom. The linear f i t gives 

Au * 3 , 2 8 (mïn"5KPa) 

From t h i s the permeability k can be estimated by 

q l Tw _ 3.28^mIn7KPa^ . O.678 (m) 10 ,KPa, , L , 
k = A*AÜ " 2"(mry *~m~' 1 1 ' lmr7mïn; 

= 11.1 * * 1.85 10-5 [-5-] 60 Ksec' Lsec J 

i n which A i s the area of the plan of the tank. 

Next a new sand bed was prepared by applying f l u i d i s a t i o n and 
subsequent sedimentation during one hour. To get some i n s i g h t i n t o the 
speed by which a pore pressure wave propagates through the sand the 
pressure i n the f l u i d i s a t i o n tubes was increased i n one step as fast 
as possible. The responses of the pore pressures at the bottom 
(PPGB 12) and h a l f way the height (PPGS 8) were measured by means of 
an oscilloscope. The r e s u l t i n g photo i s shown i n fi g u r e 10. From t h i s 
picture i t i s seen that at the bottom the pore pressure increases 
stepwise i n about 1.0 sec. The pore pressure halfway the height shows 
a very s i m i l a r response with hardly any delay i n time; the shapes of 
both responses are p r a c t i c a l l y equal; consequently the v e l o c i t y of 
propagation i s higher than can be measured by means of the current 
instrumentation. This r e s u l t suggests a reasonable degree of 
saturation of the sand (see also Greeuw, Molenkamp 1986). 

Next again f l u i d i s a t i o n was applied. After stopping the f l u i d i s a t i o n 
and r e s t i n g during 1 hour the sand reached again the same top l e v e l of 
0.75 m above the top of the metal g r i d . 
Then the sand was densified by applying a s l i g h t tap at each corner of 
the tank. The tap was given by hand with a wooden block with sizes of 
500 * 150 * 50 mm. The stroke of the wooden block before impact was 
about 30 cm. I n figure 11 some measured pore pressures are shown f o r 
two taps; one at the side of the toe of the slope, the other at the 
side of the top of the slope. The maximum excess pressures Au have 
been collected i n table 2, together with the estimated excess pressure 
to cause complete l i q u e f a c t i o n . 
From these results i t i s learnt that a f t e r each tap only complete 
l i q u e f a c t i o n occurs near the side were the tap has been given ( f o r 
location of gauges, see figures 4 a and 4 b). From fi g u r e 11 i t i s 
also learnt that the excess pressures dissipate i n about 30 sec. 
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The taps caused a settlement of the surface of approximately 15 mm; 
thus the average l e v e l a f t e r d e n s i f i c a t i o n was about 735 mm above the 
top of the metal g r i d . 
Then the sand was l e f t f o r another 24 hours; during t h i s period no 
fur t h e r settlement occured. Then the density of the sand was measured 
by means of a perspex cylinder with wings (see fi g u r e 12). This 
cylinder had been submerged i n the l i q u e f i e d sand during f l u i d i s a t i o n 
and fix e d at a stable p o s i t i o n near the end of the tank at the side of 
the toe of the slope by means of 2 steel rods connected to the top of 
the tank. After settlement of the sand t h i s cylinder was s t i c k i n g out 
of the sand about 40 - 50 mm. Then a t h i n f l a t layer (about 30 - 40 
mm) of sand was sucked o f f by means of a suction pipe with a diameter 
of about 20 mm. The suction pressure was supplied by the hydraulic 
head of the water i n the Brutus tank. Then the suction pipe was 
adjusted i n such a way that again a f l a t layer w i t h a thickness of 
exactly 100 mm could be sucked; t h i s sand was collected, dried and 
weighted. I n t h i s way both the i n - s i t u volume and weight were known 
and the i n - s i t y density could be calculated; a porosity of n = 0.453 
was obtained. 
Then the slope was prepared. As described i n chapter 2 t h i s aspect was 
found to be unexpectedly d i f f i c u l t . Many problems had to be overcome 
before a suitable slope could be made. Here, only the f i n a l procedure 
i s described. 
F i r s t the shape of the slope was indicated by s t i c k i n g tape on both 
glass side walls. 
Then f o r each horizontal layer to be sucked o f f a small groove was dug 
by means of a small spade near the end of the tank, i n which the 
suction head could be lowered. Next the t h i n layer of sand (about 2 
cm) was sucked o f f across the required area. The operator had to move 
the upper cart by hand while standing up and looking at the suction 
head through the water surface, which gives a d i s t o r t e d view. 
To improve his observation also a video camera and screen were 
i n s t a l l e d ; the camera was positioned near the glass w a l l . I n t h i s way 
i t was found to be possible to guide the suction head c a r e f u l l y past 
the nylon wires supporting the PPGS's and to obtained a f l a t 
horizontal surface. 
The slope was formed by sucking successive horizontal layers with 
d i f f e r e n t lengths; these lengths were extended so f a r that a f l a t 
natural slope occured with a steepless of about 30-9°, which i s very 
s i m i l a r to the planned steepness. 
F i n a l l y the gapsensors were i n s t a l l e d . The r e f l e c t o r s of the 
gapsensors were stuck i n the sand very gently and the gapsensors 
were mounted on the r i g i d bars and positioned near the r e f l e c t o r s . I n 
addition 3 horizontal rows of small p l a s t i c nobs were put on top of 
the sand to improve the l a t e r v i s u a l observations of the motion of the 
surface. A photo of t h i s s i t u a t i o n i s shown i n fi g u r e 13-
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I t i s seen that the water i s very clear. During previous stages 
sometimes the water had become very cloudy by growing algae. Several 
methods were t r i e d to improve the clearness of the water; e.g. by 
adding poison and chloride and reducing the amount of l i g h t . The best 
method was .found to be a refreshing of the water above the slope. 
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4. MEASURING SYSTEM 
The measuring system i s only described s u p e r f i c i a l y . I t i s indicated 
schematically i n fi g u r e 14. 
Each sensor i s indicated by a typename, namely: PPGS - (Pore pressure 
gauge of slope), PPGB - (pore pressure gauge of bottom), DIFFPR -
( d i f f e r e n t i a l pressure across holes i n f l u i d i s a t i o n tubes), FLOW -
(flow meter), GS - (gap sensors). I f required also a sequence number 
i s given (see figures 4A, 4B and 14). 
Each sensor i s connected to an amplifier v i a a channel; each channel 
has a sequence number as indicated i n fi g u r e 14. Because a series of 
pore pressure gauges were already i n f a u l t before the t e s t was 
started, they are not shown i n fi g u r e 14; a t o t a l of 16 channels were 
s u f f i c i e n t . The signals produced by the amplifiers are e l e c t r i c 
analog. From those 16 channels 12 have been connected to 2 
penrecorders with each 6 channels. Besides a l l 16 channels have been 
connected to a datalogger (HP 3497A) with f o r each channel an 
int e g r a t i o n time of about 30 usee and a sample i n t e r v a l of about 550 
Usee. The d i g i t a l data can be printed and plo t t e d . For the pl o t s per 
channel the actual sampling times have been determined. Because a l l 
channels are sampled, one a f t e r the other, w i t h i n each sample i n t e r v a l 
of 550 usee f o r each channel the actual sample time d i f f e r s from those 
of the others. On average the time i n t e r v a l between successive 
channels was found to be about 35 usee. 

The valve of the f l u i d i s a t i o n system has been controlled by means of a 
PID-controller (proportional i n t e g r a l d i f f e r e n t i a l c o n t r o l l e r ; VDO 
Mess- und Regeltechnik GMBH, type 24/81-14). The input signal has been 
generated by a function generator; the coupling has been obtained by 
means of the signal from the pore pressure gauge PPGB1 (see figures 
4A, 4B and 14). The PID-controller produced the input signal f o r the 
I/P (current/pressure) converter, which produces an a i r pressure to 
control the valve of the f l u i d i s a t i o n system. 
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5. CALIBRATIONS 

F i r s t the flowmeter has been calibrated. I n t h i s c a l i b r a t i o n an output 
signal i n Volts has been used. The c a l i b r a t i o n has been performed i n 
the range: 0 S q i 50 L/min. 

The measured data are shown i n figure 15-
I n the range 0 < q < 50 L/min a reasonable l i n e a r f i t i s obtained 
with: 

q = F * V (3) 

i n which: 

F * 237 ( 5 2 * és) 
The data of the calibrations of a l l sensors have been collected i n 
tables 3 to 19. 

For each type of sensor the following maximum absolute errors were 
found: 

pore pressure gauges i n slope (PPGS8) 
pore pressure gagues at bottom (PPGB1) 
gap sensors (GS1) 
d i f f e r e n t i a l pressure gauge 

Next the regulation of the PID-control of the valve of the 
f l u i d i s a t i o n system i s discussed. This regulation has been performed 
a f t e r performing the f i r s t f l u i d i s a t i o n and subsequent sedimentation 
as discussed i n chapter 3- Some t y p i c a l data of t h i s regulation are 
shown i n figures 16, 17 and 18. The aim of the regulation i s to obtain 
an instantaneous response of the flow when changing the input signal 
instantaneously by means of the function generator. However, i n 
r e a l i t y always some delay and overshoot w i l l occur and besides 
o s c i l l a t i o n s may be induced. Therefore a kind of optimum adjustment 
must be chosen. The method to f i n d t h i s optimum i s described by e.g. 
Cool, S c h i j f f , Viersma (1979, i n Dutch). 

The c o n t r o l l i n g process i s i l l u s t r a t e d i n fig u r e 19. The input signal 
R(s) represents the required values of the flow, as generated by a 
function generator as a function of the frequency s. 
The output signal C(s) i s the actual input flow i n the tank; i n f a c t 
i n the current tests the r e s u l t i n g excess porepressure at the bottom 
of the tank are considered. 
The frequency response function H(s) of the f l u i d i s a t i o n system causes 
delays of the output signal C(s) compared to the input signal R(s). 

0.038 kPa 
0.040 mm 
0.021 kPa 
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The c o n t r o l l e r with frequency response G(s) must be adjusted i n such a 
way that the delay i n the output C(s) becomes minimum. The properties 
of the c o n t r o l l e r are usually approximated by the function: 

G(s) = K (1 + --- + T, s) (4) v ' p s T . s d 1 

i n which: 
K - ampl i f i c a t i o n factor P 
T. - time constant of i n t e g r a t i o n 

1 
T ., - time constant of d i f f e r e n t i a t i o n d 

The magnitudes of these parameters have to be chosen. To t h i s end the 
constants T. and T, of the c o n t r o l l e r are put at zero and the 

1 d 
am p l i f i c a t i o n factor K i s increased stepwise u n t i l l o s c i l l a t i o n 

P 
occurs. 
The current value at o s c i l l a t i o n of the ampl i f i c a t i o n f a c t o r K a n d 
the r e s u l t i n g period ^ Q S C of o s c i l l a t i o n are noted. 
Then the optimum values of a l l constants K , and can be 
estimated using the rules by Ziegler and Nichols as indicated i n table 
20. Depending of the values of K , T. and x d i f f e r e n t types of 

JP 1 Q. 
control can be applied. 
I n the t e s t f i r s t proportional type of control (P) has been applied 
with Kp = 6 (see f i g u r e 16). O s c i l l a t i o n occured. 
Then a value of K =4 has been applied. S t i l l o s c i l l a t i o n occured. P 
Next also values of K =2.5 and K =1.6 have been used. 

P P 
I n both cases o s c i l l a t i o n s occured only i n the r i s i n g part of the 
response. The period of o s c i l l a t i o n was about T Q g c = 30 sec. 
Application of the control r u l e of table 20 gives: 

Type of K 
P 

T . 
1 

T d 
action sec sec 

P 2 0 0 
PI 1.8 25.5 0 
PID 2.4 15 3-75 
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When t r y i n g the Pl-type of action with = 1.6 and x^ = 30 sec too 
much damping has been measured. Reduction of x.̂  to x. = 0.3 sec 
resulted i n too much overshoot (see fig u r e 17). 
F i n a l l y only proportional type of control has been chosen with K = 1 
(see figure 18). I n t h i s case the flow could increase from zero to 
3I.5 L/min w i t h i n 1.5 sec (see figure 18). An acceptable overshoot of 
only k% occured. 
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6. VISUAL OBSERVATIONS DURING THE TEST 

As shown i n photo 1 ( f i g u r e 1,0) at time 11 hours - 6 minutes - 53-2 
sec. (11-6-53.2) at t h i s stage the slope i s stable. At about 11-6-54 
the pump of the hydraulic system i s switched on; t h i s can be heart 
from the sound track of the video recording. 
At 11-6-55 no vis u a l changes have occured yet (see figure 20, photo 

At H-6-57.2 the slope has deformed, causing horizontal displacements 
of a l l r e f l e c t o r s of about 1 to 2 cm (see fi g u r e 21, photo 3 ) . At t h i s 
stage the lower gap sensors (GS) has raised by about 1 to 2 cm, the 
middle GS has s e t t l e d by about 1 cm and the higher GS has s e t t l e d by 
about 3 cm. The lower part of the slope i s bulging while the higher 
part i s s e t t l i n g . 
At H-6-59.4 s i g n i f i c a n t flow has occured (see photo 4, figure 21) 
while at I I - 7 - I . 6 (see fig u r e 22 photo 5) the surface changes towards 
a horizontal surface. 
Consecutive photo's at 11-7-3-7 ( f i g u r e 22 photo 6) 11-7-6 ( f i g u r e 23 
photo 7) and H-7-8 ( f i g u r e 23, photo 8) show that the surface becomes 
p r a c t i c a l l y h orizontal; thus the sand behaves l i k e a thi c k f l u i d . 

2 ) . 
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7. EXPERIMENTAL DATA 

The measured data during the f i r s t 15 sec. of the test as d i g i t i z e d by 
means of the datalogger have been pl o t t e d as a function of time i n 
figures 24 up to 31. Because the time i n t e r v a l of 0.55 sec between 
consecutive samples of each measured quantity i s r e l a t i v e l y large 
compared to the step-response time of about 1.0 sec. (see fig u r e 10) 
of the system the above mentioned plots w i l l be rather rough 
approximations of the actual measured data. Therefore also the 
measured analog data as p l o t t e d by means of the penrecorders have been 
added i n figures 32 and 33. I n those figures the curves have been 
s h i f t e d as a function of time due to the mechanical properties of the 
penrecorders. I n these figures also the measured data during the 
switching o f f of the flow are shown. -

As shown i n fig u r e 24 the flow q has been increased from zero to a 
value of q ~ 8.6 L/min w i t h i n a r i s i n g time of about 2.5 sec. 
According to figure 24 the flow started to increase at a time of about 
1.125 sec. of the time scale. From the data of the penrecorders (see 
fi g u r e 32, channel 16) i t was understood that f i r s t during about 0.3 
sec the flow increased r e l a t i v e l y slowly at a rate of about 2 
L/min/sec. Then i t increased f a s t e r at a rate of about 1 L/min/sec 
during about 0.8 sec. F i n a l l y the rate decreased to zero during about 
1.5 sec when the flow reached the maximum value of q ~ 8.6 L/min. 
The measured data of the excess porepressure at the bottom (PPGB's, 
channels 11, 12, 13 and 14) are shown i n figure 25. The data of 
channels 12, 13 and 14 are very s i m i l a r . They increase almost l i n e a r l y 
w i t h i n about 3•75 sec to a value of about Au = 4.5 KPa. 
The data of channel 11 are s i m i l a r to the above mentioned data during 
about 2.7 sec when reaching an excess porepressure of about 3-25 KPa 
but then f o r channel 11 a much slower response i s measured; the value 
of Au = 4.5 KPa i s only reached at about 9-4 sec a f t e r the s t a r t of 
the flow. The same conclusions can be drawn on the basis of fig u r e 32 
i n which analog data of channels 11 and 12 are shown. 

The measured data of the excess pore pressure i n the slope (PPGS) are 
shown i n figures 26, 27 and 28. I n figure 26 the data of channels 1, 3 
and 4 i n a cross-section of the slope (see f i g u r e 4b) have been 
collected; f o r channels 1 and 4 also the analog data according to 
fi g u r e 33 have been indicated. I t i s found that f o r these channels the 
porepressure increase i s very s i m i l a r u n t i l l about 1.35 sec a f t e r the 
s t a r t of the flow. After that channel 4 shows an increasing 
porepressure while channel 1 shows a sharp decrease and even tension 
during about 0.9 sec. Channel 3 shows an intermediate behaviour. I n 
the next phase, thus a f t e r about 2.25 sec a f t e r the s t a r t of the flow, 
the excess porepressures increase further to reach a maximum of about 
3 to 4 KPa at.about 10 sec a f t e r the s t a r t of flow. 
I n f i g u r e 27 the measured excess porepressures of channels 2 and 5 are 
shown together with the data of the d i f f e r e n t i a l pressure (channel 
15). Also the analog data of channels 5 and 15 are indicated on the 
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basis of the data i n figures 32 and 33- I t i s found that the response 
of channel 2 i s very si m i l a r to that of channel 1 as shown i n fi g u r e 
26, but unexpectedly the data of channel 5 are not s i m i l a r to those of 
channel 4; namely channel 5 only s t a r t s to increase a f t e r about 2.1 
sec a f t e r the s t a r t of the flow. 
I n f i g u r e 28 the excess porepressure at channels 4, 5 and 6 i n the 
slope p a r a l l e l to the toe of the slope are shown. Also the analog data 
of channel 6 according to figure 33 are indicated. I t i s found that 
the data of channels 4 and 6 are s i m i l a r thus channel 5 remains the 
exception. 
The d i g i t i z e d data of the gapsensors (GS) have been p l o t t e d i n fi g u r e 
29. Besides also the analog data of channels 7 and 9 according to 
f i g u r e 32 are drawn. I t i s found that the sensors of channels 1 and 9 
become large (10 mm) a f t e r about 1.7 sec a f t e r the s t a r t of the flow, 
while f o r channel 8 t h i s occurs about 2.2 sec a f t e r t h i s s t a r t . 
Besides i t i s l e a r n t that channel 8 becomes again measurable a f t e r 
about 8.1 sec. 
From the v i s u a l observations i t i s l e a r n t that the l a t t e r phenomenon 
i s caused by the r e f l e c t o r of channel 9 which approaches the sensor of 
channel 8. 
Comparision of the v i s u a l observations as described i n chapter 6 w i t h 
the current measured data indicate that zero time of the measurements 
coincides roughly with about 11 hours 6 minutes and 54 seconds of the 
v i s u a l observations. 
To f a c i l i t a t e comparisons a l l d i g i t i z e d measured data as shown i n 
figures 24 up to 29 have been collected i n figure 30. 
I n f i g u r e 31 again a l l d i g i t i z e d measured data are shown during a 
period of 100 sec. During t h i s period the l i q u e f a c t i o n induced flow 
occurs completely and even the porepressures dissipate. 
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8. FINAL STATE AFTER LIQUEFACTION 

To obtain some in s i g h t i n t o the i n t e r n a l deformation of the sand, at 
the end of the test a f t e r switching o f f the flow also the f i n a l state 
has been determined. The mean height of sand at that stage was about 
50.5 cm above the top of the metal g r i d . 
The positions of the f l o a t s supporting the nylon wires by which the 
pore pressure gauges i n the slope had been placed were measured again. 
These values have been collected i n table 21 together with the data as 
measured before the test was performed. 

After switching o f f the flow the penrecorders showed that f o r the pore 
pressure gauges i n the slope pore pressures remained. I n fi g u r e 28 the 
recorded data with the flow are shown. Only the i n i t i a l part of the 
te s t and the part with the switching o f f of the flow are shown 
(channel 16). I n figure 29 the recorded data of PPGS 1, 4, 5 and 6 
during t h i s period are given. The remaining pressures a f t e r switching 
o f f have been collected i n table 22. The related v e r t i c a l 
displacements have also been collected i n table 21. Assuming that the 
nylon wires between the top of the metal g r i d and the pore pressure 
gauges remain stretched at constant length the horizontal displacement 
can be estimated when the settlement of the gauges are known. These 
calculated horizontal displacements also have been collected i n table 
21. 
To vi s u a l i z e these results i n fig u r e 30 the estimated new positions of 
the wires are sketched roughly. From these results i t can be 
understood that a l l gauges have moved to the l e f t , especially the 
upper layer has moved s i g n i f i c a n t l y . 

A f ter draining the sand from the tank the f i n a l density of the sand 
was measured again by means of a metal r i n g of approximately 30 cm 
diameter which was pushed approximately 15 cm i n the sand. The 
measured porosity read: n = 0.439-
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9. SUMMARY 
By f l u i d a t i o n and subrequest'sedimentation i n the Brutustank an 
uniform sand bed has been prepared. By sucking o f f t h i n layers of sand 
underwater an uniform underwater slope has been made. This slope has 
been loaded i n a controlled way by water flowing from the f l u i d i s a t i o n 
tubes at the bottom of the sand bed; i n t h i s way li q u e f a c t i o n has been 
induced. 
The measured data of displacement and porepressure allow the 
v e r i f i c a t i o n of the c a p a b i l i t i e s of the MONOT model to predict 
l i q u e f a c t i o n . 
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F low v e r s u s excess p o r e p r e s s u r e a t b o t t o m 

Chann./Scans : 11-12-13-14 

CO - 287130 LIQUEFACTIONTEST BRUTUSTANK 

F low v e r s u s excess p o r e p r e s s u r e a t b o t t o m 

Chann./Scans : 11-12-13-14 Figure : 9 
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Figure : 10 
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Chann./Scans : 16 Figure : 15 
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G(s) H(s) 

R : Set-value / d e s i r e d v a l u e 
C : C o n t r o l l e d v a l u e 
M : Measured v a l u e 
E : E r r o r s i g n a l / o f f s e t 
G(s) : Frequency-response f u n c t i o n of c o n t r o l l e r 
H(s) : Frequency-response f u n c t i o n of system 
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P r i n c i p l e of c o n t r o l l i n g process 
Figure : 19 
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L i q u e f a c t i o n of the slope 
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L i q u e f a c t i o n of the slope 

Figure : 21 
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L i q u e f a c t i o n of the slope 
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Figure : 22 
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L i q u e f a c t i o n of the slope 
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L i q u e f a c t i o n of the slope 

Figure : 23 
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excess pore pressure 

flow 
channel 16 
L/min 

d i f f . 
pressure 
channel 15 

kPa 

bottom PPGS 1 PPGS 2 PPGS 9 
channels channel 1 channel 2 channel 6 

, 12 , 13 , 14 
kPa kPa kPa 

2 . 0 1.25 1.20 

3-1 1.95 1.85 zero value 
4.1 2 .60 2 .50 not 
5-1 3-30 3-10 on paper 
6.0 3 .85 3 .60 

6 .3 • . 4 .25 4 .00 f l u i d i s a t i o n 

6.4 
10 .0 
1 3 . 3 
16 .7 
2 0 . 0 

0 .26 
0 .47 
0 .69 
0 .95 
1.24 

2 8 . 5 2.1 

Table 1. Measured excess pore pressures for a se r i e s 
of applied flows. 

Excess pore pressure kPa 

Gauge Channel Tap near toe tap near top required 
complete 

for 
l i q u i f a c t i o n 

PPGS 1 
PPGS 9 
PPGB 1 
PPGB 4 

1 
6 

11 
14 

4 . 3 5 
1 .80 
5 .50 
3 .70 

2. 
1 
3 
6 

• 70 
• 25 
.80 
.40 

3-835 
3 .452 
6 .559 
6 .559 

Table 2 . Maximum excess pore pressure after tapping and 
the required excess pore pressure for l i q u i f a c t i o n 
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87901? ÜERUEKIH6SPR."BRUTUS" 

PR0BLEEH6R00THEID 
MEET6RO0THEID R E f . OPNEMER 
HEEIGROOIHEIO GEVKIE OPNEflER 
GEÜOELIGHEIO R E F . OPNEflER 
G E I J K T E B E R E I K (MAX-MN) 

NULPUNTSINSTELLING 
GEÜOELIGHEIO G E I J K T E OPNEflER 
RECIPROKE GEÜOELIGHEIO 
MAXIMALE ABSOLUTE FOUT 
MAXIMALE FOUT 

871030 RuO 
Snr 209 

n B a r 
n B a r 
n ü o l t 

1 «Bar I n B a r 
« B a r 

- 2 1 . 5 7 9 1 7 n ü o l t 
3 ,12616 n ü o l t / V / 100 .00000 n B a r 

31.98811 nBar Molt 
• 5 9 8 H n B a r 
.59811 ü 8 E R E I K 

- . 3 

J 
\ 

fh 
h \ 

1 

9 5 0 1 9 0 1 5 0 2 0 1 

m 8 a r 

MEETNR. R E F . M E E I U . YKMEETU. R E F . P R O B L . U YKPROBL.U 
nBar n ü o l t n B a r n B a r 

.FOUT FOUT REL,FOUT 
n B a r i BEREIK Z 

1 1 ,7200 - 2 3 . 1 2 3 0 1 .7200 1.6590 - . 0 6 1 0 - . 0 6 1 0 - 1 , 2 9 2 7 

2 10 .3600 • - 2 1 . 3 8 7 0 10 .3600 10.2121 - . 1 1 7 9 - . 1 1 7 9 - 1 . 1 2 7 1 
3 20 .8200 - 1 8 . 0 0 2 0 2 0 . 8 2 0 0 21.0101 ,2201 .•2201 1.0571 

1 12 .1000 - 1 1 . 3 1 1 0 1 2 . 1 0 0 0 12 .1337 , 3 3 3 7 . 3337 . 7 9 2 7 
5 50 .1500 - 8 . 6 2 1 0 5 0 . 1 5 0 0 51.0181 .5981 .5981 1 .1856 
S 5 5 . 1 8 0 0 - 7 . 1 1 3 0 5 5 . 1 8 0 0 55 .8719 . 3 9 1 9 • .3919 .7065 

? 61 .1800 - 5 . 3 1 6 0 5 1 . 1 8 0 0 61 .5212 , 3 1 1 2 . 3 1 1 2 . 5627 
8 6 8 . 0 1 0 0 - 3 . 3 1 6 0 6 8 . 0 1 0 0 68 .0178 . 0 0 7 8 .0078 .0115 
9 77 .3100 - . 1 8 5 0 7 7 . 8 1 0 0 78 .0333 , 2 2 3 3 . 2 2 3 3 .2870 

10 8 7 . 1 7 0 0 2 . 6 5 6 0 8 7 . 1 7 0 0 37.1211 - . 0 1 8 9 - . 0 1 8 9 - .0551 
11 91 .3700 1 .9960 9 1 . 3 7 0 0 9 1 . 6 0 6 3 . 2 3 6 3 . 2 3 6 3 .2501 
12 103 .6800 7 .8110 1 0 3 . 6 8 0 0 103 .6110 - . 0 6 9 0 - . 0 6 9 0 - . 0 6 6 6 
U 102 .3300 7 . 5 7 6 0 1 0 2 . 8 3 0 0 102 .8593 . 0 2 9 3 . 0 2 9 3 . 0 2 8 5 
11 95 .5500 5 . 1 8 2 0 9 5 . 5 5 0 0 95 .2013 - . 3 1 8 7 - . 3 1 8 7 - . 3 6 1 9 
15 89 .1100 3 ,3800 8 9 . 1 1 0 0 89.1371 .0271 ,0271 , 0 3 0 3 
16 8 1 . 8 5 0 0 . 8 8 2 0 8 1 . 8 5 0 0 81 .1161 - . 1 0 3 6 - . 1 0 3 6 - . 1 9 3 0 
17 71 .7600 - 2 . 2 3 6 0 7 1 . 7 6 0 0 7 1 . 1 7 2 5 - . 2 8 7 5 - . 2 8 7 5 - . 1 0 0 6 

18 5 8 . 8 5 0 0 - 6 . 3 6 9 0 5 8 . 8 5 0 0 58 .2519 - . 5 9 8 1 - . 5981 - 1 . 0 1 6 1 
19 53 .7500 - 7 , 9 5 1 0 5 3 . 7 5 0 0 53 .1817 - . 5 6 8 3 - . 5 6 8 3 - I . 0 5 7 2 

20 17 .1900 - 9 . 8 2 0 0 1 7 . 1 9 0 0 , 17 .2128 . 0 2 2 8 .0228 .0182 
21 10 .7600 - 1 1 . 7 9 2 0 1 0 . 7 6 0 0 10 .9017 . 1 1 1 7 . 1 1 1 7 . 3 5 5 0 

22 3 3 . 5 7 0 0 - 1 1 . 1 5 7 0 3 3 . 5 7 0 0 3 3 . 3 3 9 5 - . 2 3 0 5 - . 2 3 0 5 - . 6 8 6 6 
23 28 .3600 - 1 5 . 8 5 2 0 2 8 . 3 6 0 0 27 .9175 - . 1 1 2 5 - . 1 1 2 5 - 1 . 5 6 0 2 
21 2 5 . 1 8 0 0 - 1 6 . 8 0 1 0 2 5 . 1 8 0 0 21 .B819 - . 5 9 8 ! - . 5981 - 2 . 3 1 7 5 
25 22 .0600 - 1 7 . 7 8 0 0 2 2 . 0 6 0 0 21 .7502 - . 3 0 9 8 - . 3 0 9 8 - 1 . 1 0 1 2 
26 I 7 . 2 7 0 0 - 1 9 . 2 2 1 0 1 7 . 2 7 0 0 17 .1107 - . 1 2 9 3 - . 1 2 9 3 - . 7 1 8 1 
2? 12 .6900 - 2 0 . 6 8 3 0 1 2 . 6 9 0 0 12.1611 - . 2 2 5 9 - . 2 2 5 9 - 1 . 7 8 0 3 
28 8 . 1 2 0 0 - 2 1 . 9 8 1 0 8 .1200 8 .3120 - . 1 0 8 0 - . 1 0 3 0 - 1 . 2 8 2 1 
29 7 . 6 I 0 0 - 2 2 . 3 1 3 0 7 . 6 1 0 0 7,1511 - . 1 5 5 9 - . 1 5 5 9 - 5 . 9 9 1 1 
30 1 .7300 - 2 3 . 2 1 8 0 1 .7300 1.3551 - . 3 7 1 9 - . 3 7 1 9 -7 ,9261 

T P & L t : 5 
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879017 UERUEKIHGSPR."BRUTUS" 

PR0BLEEÏIGR00THEI0 
MEEIGROOIHEIO R E E . OPHEHER 
hTETGROOTHEIO GEYKTE OPHEHER 
GEÜOELIGHEIO R E F . BPHEflER 
G E I J K T E B E R E I K (HBX-HIN) 

871030 RvO 
Snr 525 

«Bar 
«Bar 
« U o l t 

1 rtBar / «Bar 
«Bar 

3 5 

0 

{ - \ l \ 

/ 
/ 

w 1 

1 / A . 1 v\ 
1 V 

5 0 1 0 0 1 5 0 

m B a r 

2 0 ^ 

HULPüHTSIHSTELLIHG 
GEÜOELIGHEIO G E I J K T E OPHEHER 
RECIPROKE GEÜOELIGHEIO 
MRHIMRLE ABSOLUTE FOUT 
ilHXIHHLE FOUT 

27 .10199 « U o l t 
3.21111 n l t o l t / V / 100 

30.85081 «Bar / « U o l t 
. 6 1 7 0 3 «Bar 
. 6 1 7 0 3 l B E R E I K 

«Bar 

lEETJiR. R E f . H E E T U . YKHEETU, R E F . P R 0 B L . i l VKPROBL.U BBS.FOUT FOUT REL.FOUT 

«Bar « U o l t «Bar «Bar «Bar l BEREIK I 

1 1 .1300 2 8 . 6 8 1 0 1 .1300 3 .9366 - . 1 9 3 1 - . 1 9 3 1 - 1 1 . 1 3 7 8 

2 2 1 . 1 8 0 0 31 .3520 2 1 . 1 8 0 0 21.1321 - . 0 1 7 9 - . 0 1 7 9 - . 2 2 3 0 

3 30 .1800 3 7 . 2 0 5 0 3 0 . 1 8 0 0 30 ,2338 .0538 ,0538 .1781 

1 1 0 . 3 0 0 0 1 0 . 5 5 1 0 10 .3000 10 .5565 . 2 5 6 5 . 2 5 6 5 .6365 
5 50 .2900 1 3 . 8 9 7 0 5 0 . 2 9 0 0 5 0 . 8 7 9 2 . 5 8 9 2 . 5892 1 .1716 
6 5 5 . 2 6 0 0 1 5 . 5 1 7 0 5 5 . 2 6 0 0 5 5 . 8 7 7 0 . 6 1 7 0 .6170 1.1166 
7 60 .2600 1 7 . 0 7 7 0 6 0 . 2 6 0 0 60 ,6898 . 1 2 9 8 . 1 2 9 8 .7132 
8 6 2 . 6 1 0 0 17 .8530 6 2 . 6 1 0 0 63 .0838 . 1 1 3 8 .1138 .7085 

9 65 .3200 1 8 . 7 1 0 0 6 5 . 3 2 0 0 65 ,7277 . 1 0 7 7 . 1 0 7 7 .6211 
10 6 7 . 7 1 0 0 19 .1950 6 7 . 7 1 0 0 6 8 . 1 1 9 5 . 1 0 9 5 . 1 0 9 5 .6015 

11 70 .5100 5 0 . 3 7 6 0 7 0 . 5 1 0 0 70 .8671 .3571 ,3571 . 5069 
12 7 2 , 2 7 0 0 5 0 . 9 1 9 0 7 2 . 2 7 0 0 7 2 . 6 3 5 2 . 3 6 5 2 . 3652 .5053 

13 75 .1100 5 1 . 8 5 6 0 7 5 . 1 1 0 0 75 .1331 .3231 ,3231 . 1 3 0 5 
11 7 7 , 1 9 0 0 5 2 . 6 7 8 0 7 7 . 1 9 0 0 77 .9693 . 1 7 9 3 .1793 .6185 
15 80 .2900 5 3 . 5 5 1 0 8 0 . 2 9 0 0 80 .6626 . 3 7 2 6 . 3 7 2 6 .1610 

16 8 5 . 3 9 0 0 5 5 . 1 5 8 0 8 5 . 3 9 0 0 8 5 . 6 2 0 3 . 2 3 0 3 . 2 3 0 3 . 2 6 9 ? 

17 90 .1900 5 6 . 6 3 6 0 9 0 . 1 9 0 0 90 .1800 - . 0 1 0 0 - . 0 1 0 0 - . 0 1 1 0 
18 9 5 . 0 1 0 0 5 8 . 2 1 3 0 9 5 . 0 1 0 0 95 .1378 . 1 2 7 8 . 1 2 7 8 .1315 
19 1 0 1 . 1 5 0 0 6 0 . 1 6 2 0 1 0 1 . 1 5 0 0 101 .0580 - . 3 9 2 0 - . 3 9 2 0 - . 3 8 6 1 
20 1 0 5 . 0 5 0 0 6 1 . 2 9 3 0 105 ,0500 101 ,5173 - . 5 0 2 7 - . 5 0 2 7 - . 1 7 8 6 
21 1 1 0 . 2 3 0 0 6 2 . 9 3 5 0 1 1 0 . 2 3 0 0 109 ,6130 - . 6 1 7 0 - . 6 1 7 0 - . 5 5 9 8 
22 9 7 . 6 7 0 0 5 8 , 9 2 6 0 9 7 . 6 7 0 0 97 .2119 - . 1 2 5 1 - . 1 2 5 1 - . 1 3 5 3 
23 89 .9100 5 6 . 3 6 2 0 8 9 . 9 1 0 0 8 9 . 3 3 1 7 - . 5 7 5 3 - . 5 7 5 3 - . 6 3 9 8 
21 8 0 . 1 0 0 0 5 3 . 3 1 2 0 8 0 . 1 0 0 0 80 .0178 - . 3 8 2 2 - . 3 8 2 2 - . 1 7 5 1 
25 75 ,0100 5 1 . 6 6 0 0 7 5 . 0 1 0 0 71 .8287 - . 1 8 1 3 - . 1 8 1 3 - . 2 1 1 7 
26 7 0 . 3 3 0 0 5 0 . 0 1 1 0 7 0 . 3 3 0 0 6 9 . 8 1 3 2 - . 1 8 6 8 - . 1 8 6 8 - . 6 9 2 2 
27 65 .0300 1 8 . 1 1 0 0 6 5 . 0 3 0 0 6 1 . 8 0 2 2 - . 2 2 7 8 - . 2 2 7 8 - . 3 5 0 1 

28 5 9 . 3 0 0 0 1 6 . 6 0 3 0 5 9 . 3 0 0 0 59 .2271 - . 0 7 2 6 - . 0 7 2 6 - . 1 2 2 1 

29 29 .5100 3 6 . 8 1 5 0 2 9 , 5 1 0 0 2 9 . 1 2 3 2 - . 1 1 6 8 - . 1 1 6 8 - 1 . 1 1 1 0 

30 1 ,0600 2 8 . 5 2 1 0 1 .0600 3 .1130 - . 6 1 7 0 - . 6 1 7 0 - 1 5 . 1 9 7 5 



F o u t e n k r o m m e 

Best of S t r a i g h t L ine 

KPL 5737 ZETTIHGSULOEI "BRÜIüS-BSr 870128 M 
ORÜU POCR 81 MPy Snr389 

PR08LEEHGRÖ0THEID 
flEETGRÖOTHEID REF. ÜPHOO 
HEETGROOTKEID GEYKTE ÖFHE11EÜ 
GEÜOELIGHEIO KEF. OPNEMER 
GEIJKTE BEREIK ( M M N ) 

( l üO l t 
nÜ/U 
1 

- . 4 

/ 
/ 

4 
~~ 

/ / 
.1 

" \ / 

T7 
—ÏÏTT" V 

4 9 3 0 1 2 0 1 6 0 2 0 

200.00000 «Bar 

HULfDHTSINSIELLIMB 
GEVOELIGHEID GEIJKTE OPHEHER 
RECIPR0KE GEÜOELIGHEIO 
( IX IHf lLE BBS0LÜTE FOUT 
MffiilrlHLE FOÜÏ 

-8 ,07500 «U/U 
3 .68031 nÜ/U / 200.00000 nBar 

51.31235 «Bar A i M I 
1.18519 «Bar 

,71271 l BEREIK 

11EETHR. REF. flEETU. YKHEETU, REF.P80BL.IS 
n U o l t nü /Ü nBar 

YKPROBL.U fiBS.FOUT 
nBar n t e r 

FOÜÏ REL.FOUT 
l BEREIK l 

1 .0300 -7 .9780 .0300 1.5155 1.1655 ,7127 1951.6305 

2 2Ö.ÖÖ00 -4 .7710 20.0000 18.9132 -1,056-3 • - . 5 2 3 1 -5 .2638 

3 30,5200 - 2 . 7 5 7 0 30.5200 29.3379 - . 6321 - . 3161 -2 .0711 

1 10.0500 - . 9 3 7 0 10,0500 39.7733 - . 2 7 1 7 - . 1 3 5 9 - . 6 7 8 1 

5 50.27ÖÖ 1.ÖÜ70 50.2700 50.3125 .0725 ,0363 ,1113 

6 60.0600 2.8700 60,0600 .1066 .2033 ,6770 

7 69.8380 1.7120 89,8800 70.1766 .5966 .2983 .8537 

8 80.0500 " 5.6120 30.0500 80.8017 .7517 ,3759 .9390 

9 90,1100 3. 5330 50 .1100 91,2110 .8310 .4155 ,3191 

10 100.2900 10.3700 100.2900 101.2238 ,9335 .1669 .9311 

l i l i 0.0200 i 2 . i 65Ö 110.0200 i l 0 . 9 7 8 3 ,9503 ,1791 ,8710 

12 120.0900 11.0110 120.0900 121.0263 .9363 .1681 .7797 

13 130.0000 15,8110 -130.0000 130.9547 .3517 ,1771 .7341 

H 150.3300 19,5790 150.3300 151.2561 . 5 3 8 ! .1690 .6210 

i 5 I7Ö.15ÖO 23.2290 170.1500 171,1032 ,9532 .1766 .5602 

16 199.1900 28.7260 199.1900 200.9755 1.4855 .7127 ,7116 

1? i68 .9000 22 .9920 163.9000 169,8153 ,9153 .4575 .5419 

18 119.7600 19.3430 119.7600 119.9856 .2256 .1123 .1506 

19 130.0300 15,8260 130.0900 130. 8732 .7832 .3916 ,6021 

20 110.82ÖÖ 12.2600 110.3200 111.1916 ,6716 .3373 .6087 

2 ! 100.2100 10.3160 i 00 .2400 100.9303 .6903 ,3452 ,6886 

22 90.2500 3.1570 50.2500 90,8280 .5780 .2390 • .6104 

23 80.2IÖÖ 6.5870 80.2100 80.6659 ,4559 ,2279 .5683 

21 70. -fl 00 1,8110 70.4160 70.1070 - . 3 0 3 0 - . 1515 - . 1303 

25 60.1300 2.B05Ö 60.1900 60.1134 - . 0 7 6 6 - . 0 3 8 3 - , ! 2 7 3 

26 50.2900 ,9110 50.2900 50.0002 - . 2098 - . 1 1 4 9 - , 5 7 6 3 

2? 49.1060 - . 9 9 7 0 40.1000 39,1522 - . 6 1 7 6 - . 3 2 3 9 - 1 , 6 1 5 1 

2a 30.9000 -2 .7480 30.9000 29.9366 - . 9 8 3 2 - . 1 8 1 6 -3 .1172 

29 20.0200 -1 .6950 2Ö.82ÖÖ 19 ,3345 - 1 . 4 8 5 5 - . 7 4 2 7 -7 .1319 

30 .0200 -8.Ö750 ,0200 .9681 ,9631 .1342 1341.8176 

T|A&L£ '. 5 



Best of S t r a i g h t L ine 

PP4S Li - K A f l v i 

KPL 5737 ZETTINGSULOLI "BRUTUS-BfiK" 870128 M 
DRUCK POCK 81 MPO Snr 896 

PR0BLEEM6RG0THEID 
HEETGRQOTHEID SEE, OPiiEMER 
HEET6RO0THEID GEYKTE OPHEHER 
GEÜOELIGHEIO REE. OPHEHER 
GEIJKTE BEREIK ( H f M N ) 

nBar 
« U o l t 
n ü / ü 

200.00000 «Bar 

F o u X e n k r o m rn e 

/ \ 

/ 

7 — 

• v -

s 
1 

\ . \ 
v S 

— l t -

h 
7 \\ 

f ' 1 
4 0 Pi 3 0 1 2 0 1 6 0 2 0 0 

HÜLPÜHTSDISTELLING : .07800 nU/U 
GEÜOELIGHEIO GEIJKTE OPHEHER : 3.71325 «U/U / 200.00000 nBar 
REEIPR0KE GEÜOELIGHEIO : 53.77130 «Bar / n0 /Ö 
HRXII IRLE ABSOLUTE F0ÜT : .69650 nBar 
HHXIÏ1RLE FOÜT : ,31825 l BEREIK 

HEETNR. REF.flEETU. YKHEETU, Rff.PROBL.U YKPR0BL.U BBS.FOÜT FOUT REL.FOUT 
(Mi .nU/'J" nBar «Bar nBar l BEREIK t 

1 0.0000 .0790 0.0000 - . 6955 - . 6 9 6 5 - . 3 4 8 3 

2 20.2500 3,9560 20.2500 20,1518 - . 0 9 8 2 - .0191 - . 4 8 5 0 

3 30,0000 5.7350 30.0000 30,0109 ,0409 ,0204 .1353 

1 41.6600 7,9920 41.6600 11.8551 .1951 .0975 .1683 
5 50.1400 9.5900 50.1400 50.1182 ,3082 .1541 .6117 

6 58.9800 11.1510 59.9300 60,1718 ,4918 .2459 .8199 
7 70.0500 13.3110 7Ö.B50Ö 70.6150 .5690 .2815 .8122 

8 80.0600 15.2190 80.0600 30.7178 .5578 .3289 ,8216 

9 90.1900 17.1100 90,1900 9ü.8865 .6965 .3483 .7723 

10 101.2100 19.1160 101,2400 101.3319 .5949 .2575 ,587? 

11 110.2500 20.8040 110.2500 110.7507 ,5007 .2501 ,1542 

12 120.0400 22.5930 120.0400 120.3709 .3309 ,1655 ,2757 

13 130.0300 21.1270 130.0300 130.2332 .2032 .1016 ,1562 

14 140.1800 26.2930 110.1300 110.2671 .0874 .0437 ,0521 

15 150.2700 28.1170 150.2700 150.2372 - . 0 3 2 8 - . 0 1 6 4 - . 0 2 1 8 

16 160.1400 29.9530 160.1100 159,9188 - . 1 9 1 2 - . 0 9 5 6 • - . 1194 

17 170.2500 31.8110 170.2500 169.9401 - . 3 0 9 9 - . 1 5 5 0 - . 1 8 2 0 

18 180,8600 33,7610 180.3600 180,4261 - . 4 3 3 9 - , 2170 - . 2 3 3 9 

19 189.8900 35,1170 189,3900 189.3311 - . 5 5 8 5 - . 2 7 9 4 - . 2 9 4 3 

20 199.7500 37,2250 199.7500 199.0535 - . 6 9 6 5 - , 3 1 8 2 - .3487 

21 179.3800. 33.1710 179.3809 176.8828 - . 4 3 7 2 - . 2 1 8 6 - . 2 7 7 2 

22 160.3800 29.9800 16Ö.380Ö 160,0940 - . 2 8 6 0 - . 1 4 3 0 - . 1783 

23 !10,3100 26.2698 !40 .3100 140,1331 - . 1 7 1 6 - . 0 8 5 3 - . 1 2 2 3 

24 120,5109 22.6380 120.5100 120.6129 .0729 ,0365 .0605 

25 iOö.eSÖO 18.8660 100,0800 100.3293 ,2493 ,1246 ,2491 

26 88,1100 15.2030 80.1400 30.6317 ,1917 ,0959 .2384 

27 bÜ. i'IÖO 11.4520 60,2100 60,1610 ,2210 ,1105 ,3659 

28 40,5900 7.7200 10.5900 10.3324 - . 1 9 7 6 - . 0 9 8 8 - . 4867 
29 20,1300 3.9140 20,1300 19,9253 - . 2011 - , 1 0 2 0 -1 ,0137 
30 ,0700 .1000 .0700 - . 5336 - . 6 5 3 6 - . 3268 -933.6806 



Best a f S t r a i g h t L ine 

KPL 5737 ZEII I i t f iSULüEÏ "BRÜTÜS-SBK" 870123 M 
9RÜCK POOR 31 HPU Snr 911 

PRÖBLEEiiGROOïHEIÖ 
MEETGROOIHEID REF. OPHEHER 
HEETGR00THEID GEYKTE OPHEHER 
GEÜGELïGHEÏD REF. OPHEHER 
GEIJKTE BEREIK (MfiX-HItf) 

«Bar 
« U o l t 
nW 
1 

200. 

1 5 

- . 1 5 

F o u t e n k r o rn rn e 

/ 

e' t A 
y 

{ f 
f 

\ s 

\ 
TT-

11 
\ 

\ 
• 

1 
j 

4 0 Q Cl 1 2 0 1 6 0 :0C 

nBar 

HULPÏJHT SI HST ELLIHG 
GEVOELIGHEID GEIJKTE OPHEHER 
RECIPROKE 6EUGELIGHEIQ 
HfiXIHfiLE ABSOLUTE FOUT 
ilHXIMRLE FOUT 

13.79400 M 
2.S8953 nÜ/U / 200.00000 nBar 

71.56069 nBar M M I 
.5697? nBar 

' .28139 % BEREIK 

IEETSR. PEF.HEETU. YKHEETU. REF.PR0BL.U YKFR0BL.Ü BBS,FOUT FOUT REL.FOUT 

r U o l t nM «Bar nBar nBar l BEREIK l 

1 .0800 18.7690 .0300 - . 4 8 9 3 - . 5 6 9 8 - . 2 8 4 9 -712.2137 
/ 20.2500 21.5370 20.2500 20.0933 - . 1 5 6 7 - . 0 7 8 1 - .7740 

3 30.1200 22.8860 30,1200 30.1215 .0015 ,0023 .0150 

4 11.4200 21,1150 11.4200 41,4913 ,0713 ,0371 .1793 
5 50.2600 25 ,5230 50 .2600 50.4770 .2170 .1085 .1319 

S 62.4300 27.2710 62.1300 62.7540 ,3210 .1620 .5190 

7 70.2400 28.3390 70.2100 70.6731 ,1331 .2167 .6170 

3 80.7700 23.7690 80 .7700 81.3070 .5370 ,2585 .6618 

3 90.0100 3 I . 0 1 6 0 90 .0100 90.5798 .5698 ,2845 .6330 

10 100.1600 32.3750 100.1600 109,6854 .5254 ,262? ,5245 

i i 110.8600 33.7960 110,3600 111.2520 .3920 . i 9 6 0 • ,3536 

12 120.0600 35.0220 120.0600 120.3687 .308? .1513 .257! 

13 130.1700 36.3670 130.1700 130,3702 .2002 .1001 ,1538 

14 140,4300 37 .7230 140.4300 110,1535 .0235 .0117 .0167 

15 150.7000 39.0860 150.7000 150.5839 - . H l ! - . 0 5 5 6 - . 0 7 3 8 

16 160.2300 10.3530 160.2300 160.0104 - . 2 1 9 6 - . 1 0 9 3 - .1371 

1? 170.0400 11.5610 170.0100 169. 7367 - . 3 0 3 3 - . 1 5 1 6 - . 1 7 8 4 

13 180.2800 13.0240 180.2800 179,8721 - . 4 0 7 9 - . 2 0 9 0 - .2263 

19 190.4700 41.3750 130.1700 183.9182 - . 5 5 1 8 - . 2 7 5 9 - . 2397 

20 139.8500 45.5310 139,8500 199,2802 - , 5 6 9 8 - . 2 3 1 9 - .2851 

21 177.9500 42.7260 177.9500 177,5561 - . 2 9 3 9 - . 1 - 6 3 - .1651 

22 161.1500 10.1350 1 6 U 5 Ü Ö 160.8506 - , 2 9 9 4 - . 1 1 9 7 - .1358 

23 1 40.3000 37.7700 110.3000 110.8030 • .0030 .0015 ,0021 
24 120.5900 35.0820 120.5900 120.6118 .2248 , n ? i - ,1864 

25 100.7100 32.1360 100.7100 101.1398 .4250 .2115 .4260 

26 80 .1000 29.6560 80 .1000 30.166? . 3667 ,1331 ,4573 

2? 60.7900 27.0280 60 .7300 60.9217 .134? ,0671 ,2215 

28 40.4400 24.2830 40 .1400 10.512? .0727 .0361 ,1798 
29 20.6300 21,6050 20 .6300 20.55S9 - . 0311 - . 0 1 5 5 - . 1 5 0 6 
30 ,0300 18.7940 .0300 - , 3 0 3 9 - . 3 3 3 3 - . 1669 -1112.0973 



F o u t e n k r o IÏÏ I Ï I e 

Best of S t r a i g h t u n 

KPL 5737 ZtTIIHGSULOEI "BRUTUS-BfifC" 870128 
BRUCK PDCR 81 tlFU Sur 543 

PROBLEEMGROOTHEID 
flEEÏGROOTHEID REF. OPHEHER 
Ï1EETGR00THEID GEYKTE OPHEHER 
GEÜOELIGHEIO REE, OPHEHER 
GEIJKTE BEREIK ( f l f T H I H ) 

rtüolt 
BlVU 
1 

200.00000 nBar 

0 

- . 2 5 

- . 5 

1 '•> 

V*' 

\ 
-f—1~ 
}' 

l' 

/ 

_ y i — , — V 1 

\ 
• 

A 
/ " " O 

f 

4 0 3 0 1 2 0 1 6 0 2 0 0 

EiULPUHT SI HSTELLI HG 
GEÜOELIGHEIO GEIJKTE OPHEHER 
RECIPROKE GEÜOELIGHEIO 

mms. HBSDLUTE FOUT 
MBXIHRLE FOÜÏ 

-2 .45100 M 
2.56859 nM. / ZflÖ.OÖOÖO «Bar 

67.37213 nBar / n ü / ü 
.B1743 nBar 
.42372 l BEREIK 

HEEÏNR. REF.MEETU. YKfiEEIU. REF.PROBL.ti YKFROBL.li BGS.FOÜT FOUT REL.FOÜT 

n ü o l t M nBar nBar near X BEREIK •/ 

1 - . 0100 -2 .3400 - . 0 1 0 0 - . 1394 - . 1 2 9 4 - . 0 6 4 7 1293,3083 

2 20.1300 .7110 20.1300 20.1158 .2853 ' .1129 1,1200 
s 
3 30,1800 2.1520 30 .1800 30.1212 - . 0 5 5 3 - . 0 2 7 9 - .1850 

4 40.7300 3.3520 40.7300 11,5774 .8471 .1237 2.0806 

5 50.1000 5 .2190 50.1000 50,7372 .6872 ,3136 1.371? 

6 55.9600 6.6880 59.9500 60.6812 .7242 .3621 1.2078 

7 63.9900 3.1830 69.9900 70.7900 .8000 .4000 1.1430 

8 60.6200 9 .7620 80,6200 81.3944 ,7744 .3872 ,8605 

9 89.99üö I I . 1 3 3 0 39 .9900 90,6643 ,6748 .3374 ,7198 

10 100.1800 12.6420 100,1300 100.7975 ,6175 .3088 ,6164 

11 110.2000 14.1060 110.2000 110.6608 ,4608 .2304 .1182 

12 128.0900 15.5600 120.0900 120.4567 ,366? .1834 .3054 

13 1 30.1400 17,0290 1 3 0 . 1 4 0 0 ' 130.3537 ,2137 .1068 ,1642 

H 140.0700 18.4800 110,0700 110.1291 .0594 .0237 .0124 

15 150.4100 19 .3900 150.1100 150.3026 - . 1 0 7 1 - . 0 5 3 7 - .0714 

16 159.9300 21 .3760 159,9300 159.6404 - . 2 8 9 6 - . 1 4 4 8 - .1811 

1? 170,1900 22 .3770 170.1900 169.7529 - . 1371 - . 2 1 8 5 - . 2568 

18 180.3000 24 .3600 130.3000 179.7112 - . 5 5 5 8 - . 2 7 7 9 - . 3083 

19 190.9100 25.8960 !30.94ÖO 190.0926 - . 8 1 7 1 - . 4 2 3 ? - . 4 4 3 3 

20 199.9800 27.2680 199.9900 199.3350 - . 6 5 1 0 - . 3 2 7 0 - .3270 

2 ! 180.2500 24 ,3160 ! 80 .2600 179.6199 - . 5 1 0 1 - . 3051 - . 3385 

22 160.1000 21 .3920 160.1000 153.7482 - . 3 3 1 8 - . 1 7 5 9 - .2153 

23 140.5300 1S .b !20 140.5300 140.5450 - . 1 8 5 0 - . 0 9 2 5 - . 1317 

24 120.7900 «5.5490 120.7900 120.3826 - . 4 0 7 1 - . 2 0 3 7 - .3373 

25 1Ö0.74B0 12,6500 100 .7*00 100.8511 .1111 ,055? .1106 

26 80 .3700 9.6330 30,3700 80.5590 .1890 .0945 .2351 

27 60.8200 5 ,7300 60 .96? ' .14? ! .0736 .2419 

28 40,7300 3,7210 . 40.7800 40.7151 - . 0 6 4 9 - . 0 3 2 5 - .1532 

23 20,7200 .7110 20.7200 20.4156 - . 3 0 1 2 - . 1521 -1 .1579 

30 - . 0 5 0 0 - 2 , 4 5 4 0 - . 0 6 0 0 - . 5 0 7 4 - . 3 4 7 1 - . 4 2 5 7 H l 2.3366 8 



F o u t e n k r o m rn e 

flest of S t r a i g h t L i n e 

379017 UERUEKINSSPR."BRUTUS" 871030 
ilPU S n r 891 

RuO 

PROBLEEflGROOTHEID 
MEET GROOTHEID R E F . OPNEMER 
tlEETGROOTHEIO GEYKTE OPNEMER 
GEÜOELIGHEIO R E F . OPNEflER 
G E I J K T E B E R E I K ( f l f iü -H IH) 

nBar 
nBar 
n ü o l t 

1 nBar I n B a r 
n B a r 

1 \ 
1~ 
1 
t 

1 
A 

/
 V \ \ 

Ir \\ 
/ , / 

Lj \ 
5 0 1 0 0 1 5 0 2 0 

rn B a r 

NULPUHTSIHST E L L I H S 
GEÜOELIGHEIO G E I J K T E OPHEHER 
RECIPROKE GEÜOELIGHEIO 
MAXIMALE ABSOLUTE FOUT 
MAXIMALE FOUT 

- 3 . 1 1 3 4 5 n U o l t 
1 .77786 n ü o l t / 100 

5 6 . 2 1 7 5 5 nBar / n U o l t 
. 56900 nBar 
. 56900 l B E R E I K 

nBar 

EETNR. REF.MEETU. YKMEETU. R E F . P R O B L . U 
n B a r Mi n B a r 

1 1 .1700 - 2 . 1 1 6 0 1 .4700 
2 20 .1500 . 1 9 2 0 2 0 . 4 5 0 0 
3 10 .3700 1 .1020 1 0 . 3 7 0 0 
1 5 5 . 2 1 0 0 6 . 7 9 5 0 5 5 . 2 1 0 0 
5 65 .8000 8 . 6 8 6 0 6 5 . 8 0 0 0 
6 70 .9600 9 . 6 0 0 0 7 0 . 9 6 0 0 
7 75 .0300 1 0 . 3 0 7 0 7 5 . 0 3 0 0 
8- 87 .5900 1 2 . 5 3 1 0 8 7 , 5 9 0 0 
9 91 .9900 1 3 . 3 0 2 0 9 1 . 9 9 0 0 

10 99 .6700 1 1 ,6370 9 9 . 6 7 0 0 
11 101 .9300 1 5 . 5 5 6 0 1 0 4 . 9 3 0 0 
12 1 1 0 . 0 5 0 0 1 6 . 1 1 3 0 110 .0500 
13 111 .5900 1 7 . 2 3 2 0 1 1 4 . 5 9 0 0 
11 1 1 9 . 8 7 0 0 1 8 . 1 5 2 0 1 1 9 . 8 7 0 0 
15 129 .2600 1 9 . 7 8 2 0 1 2 9 . 2 6 0 0 
16 1 3 5 . 5 6 0 0 2 0 . 3 8 6 0 1 3 5 . 5 6 0 0 
17 126 .0700 1 9 . 2 1 9 0 1 2 6 , 0 7 0 0 
18 115 .5000 17 ,3650 1 1 5 . 5 0 0 0 
19 100 .6400 1 1 . 7 7 1 0 1 0 0 . 6 1 0 0 
20 9 3 . 6 6 0 0 1 3 . 5 1 6 0 93 .6600 
21 85 .1200 1 2 . 0 1 1 0 8 5 . 1 2 0 0 
22 8 0 . 1 1 0 0 1 1 . 1 6 0 0 8 0 . 1 4 0 0 
23 70 .1500 9 . 1 1 9 0 7 0 , 4 5 0 0 
21 6 2 . 3 0 0 0 8 . 0 0 2 0 6 2 , 3 0 0 0 
25 56 .5900 6 .9720 5 6 . 5 3 0 0 
26 18 .3100 5 . 1 1 9 0 4 8 . 3 1 0 0 
27 39 .0500 3 .8110 3 9 , 0 5 0 0 
28 3 1 . 2 0 0 0 2 . 3 6 9 0 3 1 , 2 0 0 0 
29 21 .2200 . 5 5 8 0 2 1 . 2 2 0 0 
30 1 .2300 - 2 . 1 5 3 0 1 .2300 

7KPRÖBL.U ABS.FOUT FOUT REL.FOUT 
n B a r 

i 
nBar r BEREIK l 

3 .9230 - . 5 1 7 0 - . 5 1 7 0 - 1 2 . 2 3 7 6 
20 .2793 - . 1 7 0 2 - . 1 7 0 2 - . 8 3 2 5 
10.5851 .2151 .2151 . 5 3 2 9 
55 .7326 . 4 9 2 6 .1926 . 8917 
66 .3690 .5690 .5690 . 8 6 1 7 

71 .5100 . 5 5 0 0 .5500 .7751 
75 .1867 . 4567 . 1 5 6 7 . 6087 
38.0131 .4231 .1231 .1830 
92 .3329 . 3429 . 3429 , 3 7 2 7 
99 .8119 . 1719 . 1719 ,1725 

105.0111 .0811 .0811 . 0 7 7 3 
110 .0002 - . 0 1 9 8 - . 0 1 9 8 - . 0 1 5 2 
111 .4382 - . 1 5 1 8 - . 1 5 1 8 - . 1 3 2 5 
119 .6129 - . 2 5 7 1 - . 2 5 7 1 - , 2 1 1 5 
128 .7813 - . 1 7 8 7 - . 1 7 8 7 - . 3 7 0 1 
131 .9910 - . 5 6 9 0 - . 5 6 9 0 - . 1 1 9 7 
125 .6145 - . 1 5 5 5 - . 4 5 5 5 - . 3 6 1 3 
115 .1862 - . 3 1 3 8 - . 3 1 3 8 - . 2 7 1 6 
100 .6125 - . 0 2 7 5 - . 0 2 7 5 - . 0 2 7 3 

93 .7053 . 0 1 5 3 . 0 1 5 3 .0181 
35 .2569 . 1 3 6 9 . 1 3 6 9 . 1 6 0 9 
80 .2816 . 1 1 1 6 .1116 . 1 8 0 5 
70 .1919 . 0 1 1 9 . 0419 . 0 5 9 5 
62 .5217 . 2 2 1 7 .2217 .3558 
5 6 . 7 2 8 2 . 1 3 8 2 . 1382 . 2112 
18 .1617 - . 1 1 8 3 - . 1 1 8 3 -. 3070 
33 ,9652 - . 0 8 1 8 - . 0 8 1 8 - . 2 1 7 2 
30 .8371 - . 3 6 2 6 - . 3 6 2 6 -1 .1621 
20 .6510 - . 5 6 9 0 - . 5 6 9 0 - 2 . 6 8 1 1 

3 . 6 8 6 7 - . 5 1 3 3 - . 5 1 3 3 -12 .3131 



fest s i S t r a i g h t t i n s 

P P £ S 8 - ^As ! . 5 

KPL 5737 ZETÏIHGSUL6EI "BRUTUS-BRK" 070128 M 
POOR SI HPU Snr 016 

PROBLEEilGROfllHEID 
flLETGROBTHEID REF. OPNEMER 
flEETGROOTHEID GEYKTE OPNEMER 
GEÜOELIGHEIO REF. OPNEMER 
GEIJKTE BEREIK (HflX-t t lH) 

c.Bar 
n U o l t 
nV/'U 

200.00000 nBar 

F o y t e n k r- o rn rn © 

ƒ 
f 

/ • " v . 
r 

/ 
/ /V 

** • • 1 

4 9 8 0 1 2 0 1 6 0 2 0 0 

NÖLPÜHT SIHST ELLIHG 
GEÜOELIGHEIO GEIJKTE OPNEMER 
RECIPROKE GEÜOELIGHEIO 
"BKIMBLE HBSOLOIE FOOT 
MftXInBLE FOUT 

-5 .30900 M 
3.33117 nU/Ü / 200.00000 nBar 

60.03352 nBar (M 
2.09215 nBar 
1,01607 l BEREIK 

11EETHR. REF.ilEETii. 
s ' M t 

YKMEETU, 
«O/U 

REF.FROBL.y 
nBar 

YKPROBL.U 
nBar 

HBS.FOUT 
nBar 

FOUT 

l BEREIK 
REL.FOOI 

l 

1 - . 0 6 0 0 - 5 . 3 0 9 0 -. 0600-
2 21,5700 - 1 . 5 0 1 0 21,5700 
1 
•J 32,3200 .5020 32.3200 

4 11,1300 1.9100 •11 .1300 

5 50.0600 5.541ü 50.0600 

6 61,0800 5.1120 61.0800 

7 71.8100 6.8870 71.8100 

B 79.7200 8.3630 73.7200 

9 90.9800 10.0700 90.3800 

iO 99 .9200 11.7350 93 .9200 

11 110.0700 13.2140 110.0700 

12 121.6200 15 .1020 121 .6200 

13 130.9900 16.6200 130.9900 
14 141,2100 18.2670 111.2100 

15 152.0300 20.0350 152.0300 

16 160.6700 21,4480 160.6700 

17 169.9600 23 .2350 169.9500 

18 181.7100 21,9210 181.7400 

15 190.1500 26 .3230 130.1500 

20 199.0200 27.7730 199.0200 

2! 178.8800 24.3310 178.6000 

22 161.1700 21,3550 161.1700 

23 140.5800 13.0330 140.5800 

24 121.3100 14.9100 121.8100 

25 !00 .2400 11.3520 100.2400 

26 80.9700 8.1100 80,9700 

2? 60.3700 4 . 5 3 * 0 60 .3700 

20 10,1200 1,3250 40.4200 

29 21.3100 -1 .8730 21 .3400 
30 - . 0 2 0 0 -5 ,4350 - , 0 2 0 0 

- . 9955 - . 9 3 5 5 - . 4 5 7 8 1559.2103 

21,8472 ,2772 ,1386 1.2352 

33.8900 1.5700 ,7850 4.8575 

42.3427 1.2127 .6063 2.9484 

52.1521 2.0921 1.0461 1.1793 

61,5654 .1351 .2427 ,794? 

72,2214 .3811 .1907 .5308 

81,0823 1.3623 .6812 1.7083 

91,3300 .3500 .1750 .3817 

101.6858 1.7658 .8829 1,7672 

110.2046 .1316 ,0673 , ! 2 2 3 

121.5389 - . 0 3 1 1 - . 0 1 0 6 - .066? 

130.6520 - . 3 3 8 0 - . 1 6 9 0 - . 2 5 8 0 

110.5335 - . 6 7 3 5 - . 3 3 5 2 - . 4748 

151.1531 - . 8 7 6 6 - . 4 3 8 3 - . 5766 

159.6362 . - 1 . 0 3 3 8 - . 5 1 6 9 - ,6435 

170.3612 .4042 .2021 ,2378 

130.5038 -1 .2362 - . 6181 - .6802 

183.9025 - 1 . 2 4 7 5 - . 6 2 3 7 - . 6 5 6 ! 

197.6071 - 1 , 4 1 2 6 - . 7 0 6 3 - .7093 

176.9438 - 1 . 7 3 6 2 - . 3 6 8 ! - . 9 7 ! ? 

159.0779 - 2 . 0 9 2 1 - 1 , 0 4 6 ! -1,2931 

139.1317 - 1 . 1 4 5 3 - . 7 2 2 6 -1 ,0231 

120,3353 - 1 . 4 2 3 ? - , ? ! ! 5 -1 .1688 

95.0263 -1 .2137 - . 6 0 5 5 -1 .2103 

79.5535 - 1 . 4 0 6 5 - . 7033 - 1 . 7 3 7 ! . 

58.455? -1 .9145 - . 8572 -3 .1710 

33.8307 - 1 . 5 8 9 3 - . 7 9 4 6 - 3 , 9 3 ! 9 

19.6020 -1 .73S0 - . 3 6 9 0 -8 .1444 

- 2 . 1 1 2 ! - 2 . 0 9 2 1 - 1 . 0 1 6 ! 10460.7498 



F o u t e n k r o rn rn e 

K M . ó 

• F t 5737 ZETTIHGSvLOEI "BEülüS-SftC" 870128 RvÖ 
ORiiCK POCR 8! MPU Snr 51? 

PRÖBLEEH6R00THEID 
tlEL'TGROOTHEID R£F. OPHEHER 
flEETGROOÏKEID GEYKTE OPHEHER 
GEÜOELIGHEIO REF. OPHEHER 
GEIJKTE BEREIK (HRX-HIH) 

t i i a r 
« U o l t 
«V/U 

. 4 

- . 4 

- . 8 

A 
r 

V 

•% 

\ 
/ 

lx" \ / 
\ / 

V 

0 4 0 8 0 1 2 0 1 6 0 2 0 0 

200.00000 nBar 

HÜLFÜHTSÏHSTELLIH8 
GEVOELIGHEID GEIJKTE 0FHEHER 
RECIFROKE GEÜOELIGHEIO 
ilRXIHBLE ABSOLUTE FOUT 
HRXIMRLE FOÜT 

-1 .80609 
3.22315 nü/U 

62.05114 nBar 
1.46379 nBar 

.73190 l BEREIK 

/ 200.00000 nBar 
MM 

EETHR. REF.i lEEiy. YKHEEiy. REF.PROBL.IJ YKFR03L.U BBS.FOOT FOOT REL.FOUT 

« M i nO/iJ A r nBar «Bar l BEREIK l 

I 0 .8000 - 1 . 6 0 6 0 0 .0000 -1 .3531 - 1 . 3 5 3 ! - . 6 7 6 6 
2 20.6800 1.7470 20.8600 20,5937 - . 1 6 6 3 - . 0 8 3 2 - .7974 

3 32.3800 3.5780 32.3800 32.0552 - , 3 2 1 8 - . 1 6 2 4 -1 .0030 

4 40 .6000 4 .9710 10.6000 40,6989 .0939 .0495 .2437 

5 51.2400 6.7150 51.2100 51,5207 .2807 .1103 .5177 
fi 62.4500 8.1510 62.4500 62,3114 - . 1 3 8 6 - . 0 6 9 3 - . 2220 

7 70.7000 9.8830 70.7000 71,1785 ,4785 .2392 .6768 

8 79.9900 11,3800 79.9900 80.4675 .4775 .2388 .5370 
9 90.9500 13.1370 90.9500 91.3599 .4139 .2100 .161? 

10 101.1600 11.7990 101.1600 101.6208 . 160b .2301 . i55b 

! ' i 112.1200 16.5130 112.1200 112.5045 .3345 .1923 .3430 

12 120.2500 17.8600 120.2500 120.6767 .426? ,2133 .3546 

!3 131.1500 19.6350 131.45Ö0 131.5369 ,2469 .1235 .1879 

H 140.0000 21,2100 i 10 .0000 141.1638 1.4638 .7313 1.0155 

15 152.1600 22 .9160 152.1603 152.2359 .0759 .0379 . 0499 

16 160.1700 24.2520 160.1700 160.3398 .1693 .0849 .1050 

1? 171.3900 25.02B0 171.3900 171.3600 - . 0 3 0 0 - . 0 1 5 0 - . 0 1 7 5 

18 181.3200 27 .6690 131.3200 181.5426 .2225 .1113 .1223 

19 190,9300 29 .2560 190.9300 191.3901 .4501 .2301 .2110 

20 199.7500 30.5730 199.7500 199.5623 - . 1 8 7 ? - . 0 9 3 9 - . 0910 

21 180.0200 27.2990 180.0200 179.246? - . 7 7 3 3 - . 3 8 6 6 - . 4295 

22 161.8100 24 .3550 161.8100 161.1650 - . 8 4 5 0 - . 3 2 2 5 - . 3986 

23 i l l . 7 3 0 0 21,0170 141.7300 110.2662 - 1 , 4 6 3 3 - , 7 3 1 9 -1 ,0323 

24 121.5300 17,8650 121.5300 120.7077 - . 8 2 2 3 - . 4 1 1 2 - . 6766 
25 100.6100 11.5570 100.61013 100.1812 - , 4 2 3 8 - . 2 1 4 4 - . 4 2 6 2 

25 60 .6800 11.3310 80.6800 30 .132 ! - . 4 9 7 9 - . 2 4 9 0 - . 6 1 7 ! 

27 60;?300 8 .0860 60.7300 50.0279 - . 7 9 2 ! - . 3511 -1 ,1561 

28 40.4400 1,7870 39,5572 - . 8 8 2 3 - . 4 4 1 4 -2 .1930 
?q 20.3700 1,5110 20.3700 19.2232 - i . H o e ' - . 5 7 9 4 - 5 , 6 0 0 2 

30 .0300 - 1 . 8 1 9 0 n-ififl , üs'JU -1 .1338 - 1 . 1 6 3 8 - . 7 3 1 9 -4879,2765 



F o u t e> n k r o m rn e 

B e s t of S t r a i g h t L i n e 

i - M 

S732 HIK 

PROBLEEMGROOTHEID 
HEEIGROOIHEID R E F . OPHEHER 
HEEIGROOIHEID GEYKTE OPHEHER 
GEÖOELIGHEID R E F . OPNEMER 
G E I J K T E BEREIK ( M H 1 I H ) 

10 /0 
850111 
Snr 26013 fl 

nBar 
nBar 
n ü o i t 

1 nBar / nBar 
150 .00000 nBar 

9 1 

. 0 1 = 

- . 0 3 

\ 

- ,/ 
" V 

/ 

% 
\ 'l 

1 

\ ., 

1 
- 'i 

s \ 

/ 
'l / 

V \ \ 
1 
1 

t 

'r^" 

3 0 1 O 0 1 5 0 

rn B a r 

2 0 

HULPIJHTSINSTELLING - . 0 2 0 0 8 n ü o l t 
GEÖOELIGHEID G E I J K T E OPHEHER 2 .18291 n ü o l t / V / 150 .00000 n B a r 

RECIPROKE GEÖOELIGHEID 68 .71158 nBar / n ü o l t 
MAXIMALE ABSOLUTE FOUT . 0 3 3 8 0 n B a r 
MAXIMALE FOUT ,02251 A BEREIK 

HEEIHR. R E F . H E E T U , YKMEETU. R E F . P R O B L . U YKPROBL.U ABS,FOUT FOUT REL.FOUT 

nBar HUo l t nBar n B a r n B a r ü BEREIK t 

1 0 .0000 - . 0 2 5 0 0 .0000 - . 0 3 3 8 - . 0 3 3 8 - . 0 2 2 5 

2 20 .0200 2 . 8 9 1 0 20 .0200 2 0 . 0 2 1 0 . 0040 .0027 .0199 

3 39 .6700 5 . 7 5 7 0 39 .6700 39 .6970 .0270 . 0 1 8 0 .0680 

1 5 9 . 9 9 0 0 8 . 7 1 2 0 59 .9900 60.0021 .0121 .0081 .0202 

5 8 0 . 0 2 0 0 1 1 . 6 2 3 0 8 0 . 0 2 0 0 8 0 . 0 0 4 9 - . 0151 - . 0 1 0 0 - . 0 1 8 8 

6 1 0 0 . 3 2 0 0 11.5BQ0 100 .3200 100 .3238 . 0 0 3 8 .0026 .0038 

? 120 .5100 1 7 . 5 1 6 0 1 2 0 . 5 1 0 0 120 .1981 - . 0 1 1 6 - . 0 0 7 7 - . 0 0 9 6 

8 1 1 0 . 0 1 0 0 2 0 . 3 5 7 0 110 .0100 110 .0203 - . 0 1 9 7 - . 0 1 3 2 - .0141 

5 160 .0500 2 3 , 2 6 7 0 1 6 0 . 0 5 0 0 160 .0162 - . 0 3 3 8 - . 0 2 2 5 - .0211 

10 1 8 0 . 0 6 0 0 2 6 . 1 8 0 0 180 .0600 180 .0328 - . 0 2 7 2 - . 0 1 8 2 - .0151 

11 160 .1800 2 3 . 3 3 2 0 1 6 0 . 1 6 0 0 1 6 0 . 1 6 2 8 - . 0 1 7 2 - . 0 1 1 1 - . 0 1 0 7 

12 1 1 0 . 7 1 0 0 2 0 . 1 5 6 0 110 .7100 1 1 0 . 7 0 0 5 - . 0 0 9 5 - . 0 0 6 3 - . 0 0 6 7 

13 120 .1700 1 7 . 1 7 2 0 120 .1700 120.1961 .0261 .0174 . 0 2 1 7 

11 1 0 0 . 0 8 0 0 1 1 . 5 1 7 0 100 .0800 100.0971 .0171 .0114 .0171 

15 80 .2100 I I . 6 6 0 0 8 0 . 2 1 0 0 8 0 . 2 5 9 2 . 0 1 9 2 .0128 .0239 

16 6 0 . 3 6 0 0 8 .7690 6 0 . 3 6 0 0 6 0 . 3 9 3 8 . 0 3 3 8 .0225 .0560 

17 1 0 . 3 0 0 0 5 .8180 10 .3000 4 0 . 3 2 2 3 . 0 2 2 3 . 0 1 4 9 , 0 5 5 3 

18 2 0 . 8 3 0 0 3 .0130 20 .8300 20 .8417 . 0 1 1 7 .0078 .0561 

19 0 .0000 - . 0 1 8 0 0 .0000 , 0 1 4 3 . 0 1 1 3 . 0 0 9 5 

T f t h * L £ i 1 - 1 



Best of S t r a i g h t L ine 

5732 BRUTUS MLK 
DRUCK PDCR 10 /0 

8 5 0 1 1 4 1 
Snr 26011 ft 

PROBLEEMGROOTHEID 
MEETGROOTHEIO R E F . OPHEMER 
MEETGROOTHEID GEYKTE OPHEMER 
GEÜOELIGHEIO R E F . OPHEMER 
G E I J K T E S E R E I K (MAX-HIH) 

T 3 I H S T E L L I H G 
GEÜOELIGHEIO G E I J K T E 
RECIPRÖKE GEÜOELIGHEIO 
MAXIMALE RBSOLUTE FOOT 
MAXIMALE FOUT 

nBar 
nBar 
n ü o l t 

1 nBar / n B a r 
150 .00000 n B a r 

- .17081 n ü o l t 
2 . 18836 n ü o l t / 1 / / 150, 

68 .52566 n B a r / n ü o l t 
, 03185 n B a r 
. 0 2 1 2 3 l B E R E I K 

F o u t <=• n k r o rn m >= 
9 3 

. 9 1 

- . 0 1 3-

0 3 

•1 A 

// s \ t 
' \ r 

\ 
V V , 

/ 
V ' 

n B a r 

0 1 0 0 1 5 0 2 0 

rn B a r 

i lEETHR. REF.MEETU. YKMEETU. R E F . P R O B L . U YKPR0BL.U BBS.FOUT FOUT REL.FOUT 
nBar n ü o l t nBar n B a r n B a r l BEREIK l 

1 0 .0000 - . 1 7 3 0 0 . 0 0 0 0 - . 0 1 5 0 - . 0 1 5 0 - . 0 1 0 0 
2 2 0 . 3 1 0 0 2 .1920 2 0 . 3 1 0 0 2 0 . 3 0 2 3 - . 0 0 7 1 - . 0 0 4 3 - .0351 
3 10 .2900 5 .1110 1 0 . 2 8 0 0 1 0 . 3 0 5 5 . 0 1 5 5 . 0 1 0 3 .0385 
1 6 0 . 2 9 0 0 8 .3320 6 0 . 2 9 0 0 6 0 . 3 2 1 8 ,0318 . 0212 .0528 
5 8 0 . 0 7 0 0 11 .2130 8 0 . 0 7 0 0 80.0611 - . 0 0 5 9 - . 0 0 3 9 - . 0 0 7 1 
6 100 .2900 11 .1670 100 .2900 1 0 0 . 3 0 6 6 , 0 1 6 6 .0110 .0165 
7 120 .0000 17 .0390 1 2 0 . 0 0 0 0 113.9871 - . 0 1 2 9 - . 0 0 8 6 - . 0 1 0 7 
3 1 1 0 . 2 1 0 0 19 .9930 1 1 0 . 2 1 0 0 110 .2296 - . 0 1 0 4 - . 0 0 6 9 - . 0 0 7 4 
9 160 .1100 2 2 . 8 9 1 0 1 6 0 . 1 1 0 0 160 .1083 - . 0311 - . 0 2 0 7 - . 0 1 9 4 

10 180 .3100 2 5 . 8 1 1 0 1 8 0 . 3 1 0 0 1 8 0 . 3 2 1 0 - . 0 1 6 0 - . 0 1 0 7 - . 0 0 8 9 
11 159 .9900 2 2 . 8 7 2 0 1 5 9 . 9 5 0 0 1 5 9 . 9 5 8 2 - . 0 3 1 8 - . 0 2 1 2 - . 0 1 9 9 
12 110 .1800 19 .9830 1 1 0 . 1 8 0 0 110.1611 - . 0 1 8 9 - . 0 1 2 6 - . 0 1 3 5 
13 120 .5800 1 7 . 1 2 1 0 1 2 0 . 5 8 0 0 120 ,5696 - . 0 1 0 4 - . 0 0 6 9 - . 0 0 8 6 
11 9 9 . 9 3 0 0 1 1 . 1 1 3 0 9 9 . 3 3 0 0 9 9 . 9 3 6 5 . 0 0 6 5 .0011 .0065 
15 80 .1300 11 .2230 8 0 . 1 3 0 0 8 0 . 1 3 2 6 . 0 0 2 6 . 0 0 1 7 ,0033 
16 59. 8900 8 . 2 7 0 0 5 3 . 8 3 0 0 5 9 . 8 9 7 0 . 0 0 7 0 . 0 0 1 7 .0117 
17 10 .1500 5 .3920 1 0 . 1 5 0 0 1 0 . 1 7 5 3 , 0 2 5 3 . 0 1 6 9 .0630 
13 2 0 . 5 1 0 0 2 . 5 2 2 0 2 0 . 5 1 0 0 20 .5084 - . 0 0 1 6 - . 0 0 1 0 - . 0 0 7 6 
19 0 .0000 - . 1 7 3 0 0. 0000 - . 0 1 5 0 - . 0 1 5 0 - . 0 1 0 0 
20 0 . 0 0 0 0 - . 1 7 5 0 0 . 0 0 0 0 - . 0 2 8 7 - . 0 2 8 7 - . 0 1 9 1 
21 .0100 - . 1 7 3 0 . 0 1 0 0 - . 0 1 5 0 - . 0 2 5 0 - . 0 1 6 7 -219 .9601 
22 0. 0000 - . 4 7 1 0 0 . 0 0 0 0 - . 0 2 1 8 - . 0 2 1 8 - . 0 1 1 6 
23 .0100 - . 1 7 1 0 , 0 1 0 0 - , 0 2 1 8 - . 0 3 1 8 - . 0 2 1 2 - 3 1 8 . 1 8 5 8 
21 0 . 0 0 0 0 - . 1 7 1 0 0 . 0 0 0 0 - . 0 0 1 3 - . 0 0 1 3 - . 0 0 0 9 
25 0 .0000 - . 1 7 3 0 0. 0000 - . 0 1 5 0 - . 0 1 5 0 - . 0 1 0 0 
26 0. 0000 - . 1 7 1 0 0 . 0 0 0 0 - . 0 0 1 3 - . 0 0 1 3 - . 0 0 0 9 
27 0 .0000 - . 1 7 2 0 0. 0000 - .0081 - . 0 0 8 1 - . 0 0 5 4 
23 0 . 0 0 0 0 - . 1 7 1 0 0 .0000 - . 0 2 1 8 - . 0 2 1 8 - . 0 1 1 6 
29 0 .0000 - . 1 7 1 0 0 . 0 0 0 0 - . 0 2 1 8 - . 0 2 1 3 - . 0 1 1 6 



F o u t. e n k r O rn m e 

Best of S t r a i g h t L ine 

879017 UERUEKIHGSPR."BRUTUS" 
POCR 10 

LEEMGR00ÏHEIÖ 
MEETGROOTHEID R E E , OPHEHER 
MEETGROOTHEID GEYKTE OPHEMER 
GEÖOELIGHEID R E F . OPNEMER 
G E I J K T E BEREIK (H f lü -H IN ) 

3 7 . 1 0 . 3 0 R 
Snr 21105 C 

«Bar 
«Bar 
f i ü o l t 

1 nBar / n B a r 
150 .00000 nBar 

1 5 

1 1 3 9 1 5 9 

rn B a r 

NULPUHISIHSTELLING 
GEÜOELIGHEIO G E I J K T E 
R E C I P R 0 K E GEÜOELIGHEIO 
MAXIMALE ABSOLUTE FOUT 
MAXIMALE FOUT 

- . 9 9 0 6 9 n ü o l t 
2 .15133 n ü o l t / V / 150 .00000 n B a r 

6 9 , 7 2 1 1 5 n B a r / n ü o l t 
,37610 n B a r 
, 25073 ü BEREIK 

MEETHR. REF.MEETU. • YKMEETU. R E F . P R O B L . y YKPROBL.U BBS.FOUT FOUT REL.FOUT 

' nBar n ü o l t n B a r nBar n B a r t B E R E I K l 

1 2 .9500 - . 5 6 0 0 2 . 9 5 0 0 3 .0030 . 0 5 3 0 , 0 3 5 3 1 .7955 

2 2 0 . 1 1 0 0 1 ,9110 2 0 . 1 1 0 0 20 .2319 . 0 9 1 9 . 0 6 1 3 ,1562 

3 39 .8700 1 .7610 3 9 . 8 7 0 0 • 10 .1033 . 2 3 3 3 . 1 5 5 6 .5853 

1 6 2 . 7 3 0 0 8 .0550 62 .7300 63 .0706 . 3 4 0 6 .2271 ,5129 

5 80 .5300 10 .6130 3 0 . 5 3 0 0 80.9061 .3761 . 2 5 0 7 .1670 

6 100 .0700 13 .3870 1 0 0 . 0 7 0 0 100 .2477 . 1 7 7 7 .1184 .1775 

7 1 2 0 . 6 1 0 0 16 .3220 1 2 0 . 6 1 0 0 120 .7118 . 0 7 1 8 . 0 4 7 9 .0595 

8 110 .1900 19 .1180 1 4 0 . 1 9 0 0 140 .2067 . 0 1 6 7 . 0112 .0119 

9 1 5 9 . 8 3 0 0 2 1 . 9 2 1 0 1 5 9 . 8 3 0 0 159 .7505 - . 0 7 9 5 - . 0 5 3 0 - . 0 4 9 7 

10 1 8 0 , 1 0 0 0 2 1 . 7 3 8 0 1 8 0 . 1 0 0 0 179 ,7405 - . 3 5 9 5 - . 2 3 9 7 - . 1 9 9 6 

11 160 .2800 2 1 . 9 1 3 0 1 6 0 . 2 8 0 0 159.9039 - . 3 7 6 1 - . 2 5 0 7 - . 2 3 4 6 

12 1 1 0 . 2 9 0 0 19 .0370 1 1 0 . 2 9 0 0 139 .9906 - . 2 9 9 1 - . 1 9 9 6 - . 2 1 3 1 

13 120 .9100 1 6 . 3 2 1 0 1 2 0 . 9 1 0 0 120 .7257 - . 1 8 1 3 - . 1 2 2 8 ' - . 1 5 2 1 

11 1 0 0 . 8 1 0 0 13 .1870 1 0 0 . 8 1 0 0 100,9119 . 1 0 4 9 ..0699 .1010 

15 8 0 . 8 9 0 0 10 ,5760 8 0 . 8 9 0 0 80.6181 - . 2 1 1 9 - . 1 6 1 3 - . 2 9 9 0 

16 6 0 . 2 3 0 0 7 .6130 6 0 . 2 3 0 0 59 ,9888 - . 2 1 1 2 - . 1 6 0 3 - . 1 0 0 5 

17 1 0 . 1 3 0 0 1 .7300 1 0 , 1 3 0 0 39 .8872 - . 2 1 2 8 - . 1 6 1 9 - . 6 0 5 0 

18 2 0 . 3 5 0 0 1 .8710 2 0 . 3 5 0 0 1 9 . 9 7 3 9 - . 3 7 6 1 - . 2 5 0 7 - 1 . 8 1 8 2 

19 3 .3000 - . 5 6 0 0 3 .3000 3 .0030 - . 2 9 7 0 - . 1 9 8 0 - 9 . 0 0 1 0 



F o u t e n k r o rn m e 

B e s t of S t r a i g h t L i n e 

PPG, b 4 - K^t4. 1 

5732 8SUTUS MLK 850115 k 
POCR 1020 S n r 16101 6 

PR0BLEEMGRO0THEID 
MEETGROOTHEID R E F . OPHEHER 
MEETGROOTHEID GEYKTE OPHEHER 
GEÖOELIGHEID R E F . OPHEHER 
G E I J K T E BEREIK (MflX-MH) 

nBar 
n B a r 
rtUolt 

1 nBar / n B a r 
150 .00000 n B a r 

0 

\ 
/ 

/ / 

\ y 

\ l' 
i 

V 
5 0 1 0 0 1 5 0 £ 0 

m B a r 

HULPÜNTSINSTELLING - 1 . 0 2 9 3 3 n ö o l t 
GEÖOELIGHEID G E I J K T E OPHEHER 1 ,12267 n ö o l t N / 150 .00000 n B a r 

RECIPR0KE GEÖOELIGHEID 133.61011 nBar / n ö o l t 

HflXIMfiLE BBSOLUTE FOOI ,28163 nBar 
H9XIHBLE FOUT ,18775 l B E R E I K 

HEETNR. REF.MEETU. YKMEETU, R E F . P R O B L . U YKPROBL.U BBS.FOOT FOOT REL.FOOT 

nBar n ö o l t n B a r nBar n B a r ï BEREIK t 

1 - . 0 1 0 0 - 1 . 0 0 9 0 - . 0 1 0 0 .2716 . 2 8 1 6 , 1 8 7 8 

2 20 .0000 .1170 20 .0000 19 .7253 - . 2 7 1 7 - . 1 8 3 2 - 1 . 3 7 3 7 

3 10 .2800 1 .9700 1 0 . 2 8 0 0 10.0741 - . 2 0 5 9 - . 1 3 7 3 - . 5 1 1 2 

1 50 ,3200 3 ,1750 6 0 . 3 2 0 0 60 .1824 - . 1 3 7 6 - . 0 9 1 7 - .2281 

5 80 .1200 1 .9610 3 0 . 1 2 0 0 80 .0368 - . 0 8 3 1 - , 0 5 5 4 - . 1 0 3 8 

5 100 .1200 6 .1590 100 .1200 100 .0517 - . 0 6 8 3 - . 0 4 5 6 - . 0 6 8 3 

7 120 .0500 7 . 9 5 9 0 1 2 0 . 0 5 0 0 120 .0932 . 0132 , 0 2 8 8 .0360 

8 110 ,0100 9 . 1 5 2 0 110 .0100 110 .0112 . 0 3 1 2 ,0203 .0223 

3 160 .1000 1 0 . 9 6 7 0 1 6 0 . 1 0 0 0 160.2831 .1831 .1221 .1141 

Ifl 179 ,9900 1 2 . 1 6 3 0 179 ,9900 180 .2712 . 2 8 1 2 . 1 8 7 4 . 1562 

11 160,0300 1 0 . 9 5 9 0 1 6 0 . 0 3 0 0 160 .1762 . 1162 . 0 9 7 5 .0911 

12 139 .9300 9 . 1 1 8 0 1 3 9 . 9 3 0 0 1 3 9 . 9 8 7 ? . 0 5 7 ? , 0 3 8 5 .0413 

13 120.1600 7 . 9 6 3 0 1 2 0 . 1 6 0 0 120 .1166 - . 0 1 3 4 - . 0 0 8 9 - . 0111 

H 100 .2100 6 . 1 7 1 0 1 0 0 . 2 1 0 0 100 .2120 - . 0 2 8 0 - . 0 1 8 7 - . 0 2 7 9 

15 80 .2900 1 ,9680 8 0 . 2 9 0 0 80 .1304 - . 1 5 9 6 - . 1 0 6 4 - . 1 9 8 8 
- . 3 8 0 7 16 60 .0100 3 . 1 1 5 0 6 0 . 0 1 0 0 5 9 . 7 3 1 6 - . 2 2 8 1 - . 1 5 2 3 
- . 1 9 8 8 
- . 3 8 0 7 

17 10 ,0300 1 .9490 1 0 . 0 3 0 0 3 9 . 7 9 3 5 - . 2 3 6 5 - . 1 5 7 7 - . 5 9 0 8 

18 19 .9000 . 4 3 9 0 19 .9000 19 .6184 - . 2 8 1 6 - . 1 3 7 8 - 1 . 1 1 5 2 

19 0 ,0000 - 1 . 0 2 3 0 0 , 0 0 0 0 .0846 . 0 8 1 6 .0561 

TPiv6L€ : \S 



F o ü t © n k r o rn rn e 
B e s t of S t r a i g h t L i n e 

D i F F . p f c . - s S L j U t ó - C A M . I ' S 

5737 3RÜÏUS-8AK 861215 RuO 
DRUCK PDCR 1 2 0 U L / 3 5 S n r I 3 J 8 9 2 

PROBLEEMGROOIHEID nBAR 
flEETGROGTHEIQ R E F . OPHEHER nü 
HEEIGROOIHEID GEYKTE OPHEHER nü 
GEÖOELIGHEID R E F . OPHEHER 1 
G E I J K T E BEREIK (HflX-HIN) 350 .00000 nBAR 

NULPUHTSIHSTELLING - . 7 8 2 5 0 nü 
GEÖOELIGHEID G E I J K T E OPHEHER 4. 98715 n ü / v ' 
RECIPROKE GEÜOELIGHEIO 7 0 . 1 8 0 3 6 nBAR 
MAXIMALE ABSOLUTE FOUT . 20773 nBBR 
MHXIHALE FOOT . 05935 X BEREIK 

/ 350 .00000 
/ n ü 

Pi f, 

0 3 

- 0 : 

- . 0 6 

/ 1 
"1 \ y - T — 

\ 
I - — ™ " 

1 
i 

f „ V l' 
1 

V 
8 0 1 6 0 2 4 0 3 2 0 '4 0 

MEETHR. REF.MEETU. YKMEETU. R E F . P R O B L . U YKPROBL.U ABS,FOOI FOUT R E L . FOOT 

nü nü nBAR nBAR nBAR t BEREIK f. 

1 0 .0000 - , 7 9 1 0 0 .0000 .1867 , 1 8 6 7 . 0 5 3 3 

2 20 .1000 2 . 1 0 2 0 2 0 . 1 0 0 0 20 .5109 . 1 1 0 9 .0317 . 5137 

3 10 .1000 4 . 9 0 6 0 4 0 . 1 0 0 0 10 .1895 . 0 8 9 5 .0256 . 2232 

1 6 0 . 0 0 0 0 7 . 7 3 0 0 60 .0000 60.0081 .0081 .0021 .0110 

5 80 .0000 1 0 . 5 7 3 0 8 0 . 0 0 0 0 79 .9607 - . 0 3 9 3 - . 0 1 1 2 - . 0 1 9 1 

6 1 0 0 . 6 0 0 0 1 3 . 5 0 2 0 100 .6000 100 .5165 - . 0 8 3 5 - . 0 2 3 8 - . 0 8 3 0 

7 120 .5000 1 6 . 3 3 8 0 120 .5000 120 .1197 - . 0 8 0 3 - . 0 2 2 9 - . 0 6 6 7 

8 139 .9000 1 9 . 0 8 8 0 139 .9000 139 .7193 - . 1 8 0 7 - . 0 5 1 6 - . 1 2 9 2 

9 160 .1000 2 1 . 9 6 9 0 160 .1000 159 .9382 - . 1 6 1 8 - . 0 1 6 2 - . 1 0 1 0 

10 180 ,0000 2 4 . 7 9 8 0 180 .0000 179 .7923 - . 2 0 7 7 - . 0 5 9 1 - . 1 1 5 1 

11 200 .0000 2 7 . 6 5 8 0 2 0 0 . 0 0 0 0 199 ,8639 - . 1361 - . 0 3 8 9 - .0681 

12 2 2 0 . 0 0 0 0 3 0 . 5 1 2 0 2 2 0 . 0 0 0 0 219 .8933 - . 1 0 6 7 - . 0 3 0 5 - . 0 1 8 5 

13 210 .0000 3 3 . 3 6 2 0 2 4 0 . 0 0 0 0 239 ,8917 - . 1 0 5 3 - , 0 3 0 1 - . 0 1 3 9 

11 259 .9000 3 6 . 2 1 8 0 259 .9000 259 .9382 . 0 3 8 2 ,0109 .0117 

15 300 .0000 1 1 . 9 5 6 0 3 0 0 . 0 0 0 0 300 .2077 . 2 0 7 7 ,0591 . 0 6 9 2 

16 3 2 8 . 2 0 0 0 1 5 . 9 6 7 0 3 2 8 . 2 0 0 0 328.3571 .1571 ,0119 .0479 

1? 3 5 0 . 1 0 0 0 1 9 . 0 9 3 0 3 5 0 . 1 0 0 0 350 .2955 . 1 9 5 5 , 0558 .0558 

18 3 2 3 . 1 0 0 0 1 5 . 2 6 7 0 3 2 3 . 1 0 0 0 323 .1115 , 0 1 1 5 , 0127 . 0137 

18 299 .1000 4 1 . 8 5 3 0 2 9 9 . 1 0 0 0 299 .1819 . 0 8 1 9 . 0 2 1 3 . 0 2 8 3 

20 2 6 0 , 9 0 0 0 3 6 . 3 5 6 0 2 6 0 . 9 0 0 0 260 .9067 . 0 0 6 7 ' . 0019 .0026 

21 220 .1000 3 0 . 5 3 4 0 2 2 0 . 1 0 0 0 220 .0177 - . 0 5 2 3 - . 0 1 1 9 - . 0 2 3 8 

22 1 7 9 . 1 0 0 0 2 4 . 6 9 1 0 179 .1000 179 .0113 - . 0 5 3 7 - . 0 1 6 8 - . 0 3 2 8 

23 110 .0000 1 9 . 1 0 5 0 1 4 0 . 0 0 0 0 139 .8386 - . 1 6 1 1 - . 0161 - . 1 1 5 3 

21 100 .3000 1 3 . 1 6 9 0 100 .3000 100 .2819 - . 0 1 5 1 - . 0 0 1 3 - . 0 1 5 0 

25 80 .1000 1 0 . 6 0 5 0 8 0 . 1 0 0 0 80 .1853 . 0 8 5 3 .0211 . 1 0 6 5 

26 7 0 . 3 0 0 0 9 .193Q 70 .3000 70 ,2758 - . 0 2 1 2 - . 0 0 6 9 - . 0 3 1 1 

27 60 .0000 7 . 7 1 0 0 6 0 . 0 0 0 0 60 ,0786 ,0786 . 0 2 2 5 .1310 

28 10 .0000 1 .9020 10 .0000 40 .1611 .1611 .0161 .1035 

29 20 .1000 2 . 0 7 0 0 2 0 . 1 0 0 0 20 .2863 . 1 8 6 3 . 0532 . 9 2 7 0 

30 0 ,0000 - . 7 9 1 0 0 .0000 .2077 . 2 0 7 7 .0591 



Best of S t r a i q h t L i n e 

GO 08 
1 9 - 1 2 - 8 8 H.IJTSSER 
1018 

PROBLEEMGROOTHEID 
HEEIGROOIHEID R E F . OPNEflER 
MEETGROOTHEID GEYKTE OPHEHER 
GEÜOELIGHEIO R E F . OPHEHER 
G E I J K T E B E R E I K (HflX-MIN) 

MM/U 

F o u t e n k r o m rn e 

- — / 

i 
1 
1 

i' 
i 

/ \ f— 
1 

i 
i 

i 
j 

1 
i' 

i 

M M 

NÜLPUHTSIHSTELLIHG 
GEÜOELIGHEIO G E I J K T E OPHEHER 
RECIFROKE GEÜOELIGHEIO 
MAXIMALE ABSOLUTE FOUT 
MAXIMALE FOUT 

- . 9 5 0 0 0 MM/Ü 
7 .88002 HM/U / 8 . 0 0 0 0 0 HM 
1.01523 HH / h H / ü 

.03960 HH 

.19195 % BEREIK 

EINR. REF .MEETU. YKMEETU.. R E F . P R O B L . U YKPROSL.U ABS.FOUT FOUT REL.FOUT 

HM KR/U HM MM MM t B E R E I K w h 

' ' / 

I 0 . 0000 - . 9 1 1 0 0 .0000 .0396 , 0 3 9 5 , 1 9 1 9 

2 1.0000 0 . 0 0 0 0 1 .0000 . 9 6 4 5 - . 0 3 5 5 - . 1 1 4 2 - 3 . 5 5 3 3 

3 2 .0000 ,9810 2 . 0 0 0 0 1 .9604 - . 0 3 9 5 - . 4 9 1 9 - 1 , 9 7 9 8 

1 3 .0000 1 .9870 3 .0000 2 . 9 8 1 7 - . 0 1 8 3 - . 2 2 8 5 - . 6 0 9 3 

5 1 .0000 3 .0030 1 .0000 4 , 0 1 3 2 . 0 1 3 2 . 1 6 4 9 . 3 2 9 8 

6 5 .0000 3 .9970 5 ,0000 5 , 0 2 2 3 . 0 2 2 3 .2791 . 1 1 6 5 

7 6 .0000 1 .9870 6 .0000 5 , 0 2 7 1 .0274 . 3 4 2 5 . 1567 

8 7 .0000 5 . 9 7 1 0 7 .0000 7 ,0264 .0261. . 3 2 9 8 .3769 

9 8 . 0 0 0 0 6 .9690 - 8 .0000 8 . 0 3 9 6 .0396 . 4 9 4 8 .1918 



B e s t of S t r a i q h t L i n e 
F o u t e h k r o m rn e 

GO 

PRÖBLEEHGRÖOIHEID 
HEETGRflGTHEID REF. OPHEHER 
HEEIGROOIHEID GEYKTE OPHEHER 
GEÖOELIGHEID REF. OPHEHER 
GEIJKTE BEREIK (« f f i f -H I») 

19-12-86 H.UISSER 
1175 

UOLT 
HH / HH 

7.00000 HH 

f\ 
i 1 

,• 1 

/ 
— — . , 

,/ \ 
1 

1 

1 
t 

7 

/ 'i 

1 

\ 
\ 

/ 

/ 
i 

', / 1 / 
1 / 

8 1 . 7 5 3 . 5 5 . 2 5 

M M 

HULPUHTSINSTELLIHG 
GEÜOELIGHEIO GEIJKTE OPHEHER 
RECIFROKE GEÜOELIGHEIO 
MAXIMALE flBSOLUIE FOUT 
MAXIMALE FOUT 

- .99737 UOLT 
G.97375 UOLT / 7, 
1.00376 HH /UOLT 

.01819 HH 

.25991 l BEREIK 

11EETHR. REF.MEETU. YKMEETU. REF.PROSL.U YKPROBL.U 
HH UOLT m MM 

BBS.FOUT FOUT REL.FOUT 
MM t BEREIK ï 

1 0.0000 - . 9 9 3 0 0.0000 .0044 .0041 ,0627 

2 1,0000 ,0170 1.0000 1.0182 ,0182 ,2599 1.8183 

3 2.0000 ,9770 2.0000 1.9818 - . 0 1 8 2 - . 2 5 9 9 - . 9 0 3 7 

4 3.0000 1.9870 3.0000 2.9956 - . 0 0 1 4 - . 0 6 2 7 - . 1464 

5 1.0000 3,0000 1,0000 1.0121 .0124 .1775 .3105 

6 5.0000 1.0020 5,0000 5.0182 ,0182 .2599 .3639 

7 6.0000 1.9970 6,0000 6.0169 ,0165 .2420 ,2823 

9 " 7.0000 5.9810 7.0000 7.0016 ,0046 .0653 .0663 



est o f S t r a i q h t L i n e F o u t e n k r o rn m e 

PROBLEEMGROOTHEID 
MEETGROOTHEID REF. OPNEMER 
MEETGROOTHEID GEYKTE OPNEMER 
GEÖOELIGHEID REF. OPNEMER 
GEIJKTE BEREIK (MHX-MIH) 

19-12-86 H.UISSER 
1176 

MU 
MM 
OOLT 

1 MM 1 . 7 5 

1 1 1 
1 

.1 
1 
1 — 

— \ 
_i 

\ 
I 

1 
\ 
1 

1 1 1 

—1 
/ 

— X 

\ 

\ 1 1 1 

— f ~ 

/ 
1 

Ip-

•:.,/ 

.00000 MM M M 

NULPUHTSINSTELLIHG 
GEÖOELIGHEID GEIJKTE OPHEMER 
RECIPR0KE GEÜOELIGHEIO 
MflXIHRLE ABSOLUTE F0UT 
MAXIMALE FOUT 

- .59220 UOLT 
6.95910 UOLT 
1.00583 MM 

.01730 MM 

.24715 t BEREIK 

/UOLT 

MEETHR. REF.MEETU. YKMEETU. T EF.PROSL.U YKPROBL.U R8S.F0UT FOUT REL,FOUT 
MM UOLT MM MM MM 3! BEREIK 

1 0.0000 - . 9 7 5 0 fl.0000 .0173 .0173 .2172 
? 1.0000 - . 0 0 9 0 1.0000 .9889 - . 0111 - . 1581 -1 .1064 

3 2.0000 ,9790 2 .9000 1.9827 - . 0 1 7 3 - . 2 1 7 2 - . 8 6 5 0 
4 3.0000 1.9840 3.0000 2.9936 - . 0 0 6 1 - . 0 9 2 0 - . 2 1 4 6 

5 4.0000 3.0000 1,0000 1.0155 .0155 .2213 .3872 

5 5.0000 3 .9960 5.0000 5.0173 .0173 ,2471 .3160 

7 b.0000 1.9850 6.0000 6.0121 .0121 .1724 ,2011 

8 7.0000 5.9660 7.0000 6.9988 - . 0 0 1 2 - . 0 1 7 3 - , 0 1 7 3 

J 
3° 



Type of control K 
P 

T . 
1 

Proportional (P) 0 .5 K 
pose 

0 0 

Proportional-
integral (PI) 0 .45 K 

pose 
0 .85 t 

osc 
0 

Proportional-
i n t e g r a l -
d i f f e r e n t i a l (PID) 0 .6 K 

pose 
0 . 5 t 

osc 
0.125 t 

osc 

Table 20 . Control rules by Ziegler and Nichols after (Cool, S c h i j f f , 
Viersma, 1979) 
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Channel Pore pressure KPa Settlement i n mm 

1 0. ,50 50 
4 0, • 775 77-5 
5 0, ,80 80 
6 0, ,40 40 

Table 22 

Recorded pressures and related settlement after switching off the flow 
at the end of the test 
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