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PREFACE

The Proceedings here is the result of an initiative concerning Ph.D. studies.

Every university has its own programme for Ph.D. studies. These programmes may be very
different but always try to help the Ph.D. students to reach their Ph.D. title within a limited

number of years.

I think that the Ph.D. students need a special forum above the Ph.D. programmes to present the
results of their ongoing research and to discuss ‘them collecting advices how to continue the
research, This forum should be very similar to that we generally have for technical or scientific
presentations- and as wide as possible to collect opinion on a large scale. It was then called as

Ph.D. Symposium.

The system of the symposium is to have short oral presentations by the Ph.D. students
themselves. The presentations are discussed immediately afterwards. Main results of the studies

are summarized in the symposium proceedmgs '

Nevertheless, the objectives of the Ph.D. Symposium 1996 Budapest are:

L. to provide a forum for Ph.D. students in civil engineering to present the progress
of their work,

2. to discuss the results of the ongoing | Ph D studies in order to support the future
work,

3. to give the possibility for Ph.D. students to establish contact for international
communication,

4, to compare Ph.D. studies in various coun*lnes

We received contributions from all over the world (BOKU-Wien,” EPFL Lausanne, ETH

- Honggerberg, National Technical University of Athens, Romanian Academy Timisoara

Branch, Stanford University, Technical University of Budapest, Tohoku Gakuin University,
University of Karlsruhe, University of Stutigart) which helped very much to reach above

. objectives.

1 appreciate the huge effort of Ph.D. students preparing their oral-and written contributions,
respectively, and especially those six Ph.D. students (4. Barsi, T. "Hajnal, A. Képecsiri, Z.
Orban, B. Vasdrhelyi) who served on the Orgmmg Committee.

Many thanks for the advices and support by the dean Prof. J. Megyeri and vice-dean Prof. J.
Farkas, session chairmen Profs. A. Detreksi, Zs: Gdspdr, M. Ivdnyi, Otté Haszpra and other
professors and assoc. professors of our faculty. )

Support and understanding by Proﬁ K. Bergmeister, D. Dubina, J. Eibl, R. Eligehausen, R.
Favre, P. Marti, K. Otsuka, G.S. Springer, T.P. Tassios of this initiative sending Ph.D.
students to the symposium in a torexgn country were especially appreciated.

Last but not 1east the financial suppbif (;f?the Faculty of Civil Engineering at the Technical
University of Budapest and the support of the initiation by the CEB (Comité Euro-

International du Béton) are gratefu]ly acknowledged.
G.L. Balazs

. Sedhowes Ly
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“Favre R, Chaiif H. & Rotilio J.-D.

Ph.D. Symposium 1996 Budapest

IRREVERSIBLE DEFORMATIONS OF POST-TENSIONED
STRUCTURES UNDER CYCLIC LOADS

T

Swiss F edém'/. Institute of Technology. Reinforced and Post-tensioned Concrete
CH- 1015 Lausanne

1. INTRODUCTION

Several post-tensioned concrete bridges continue to deform in time even though the
period relative to concrete’s time dependent effects (creep, shrinkage, relaxation) is
over. ‘

Fig.l Excessive deformations / Fégire's Bridge, Switzerland

One of the reasons of such an unstabilized behaviour could be the appearance of
irreversible deformations increasing in time caused by cyclic loads, especially for
partially post-tensioned structures which allow cracking under permanent loads.

The Institute of Reinforced and Post-tensioned Concrete (IBAP) at the Swiss Federal
Institute of Technology (EPFL) aims at a satisfactory long term behaviour of concrete
structures. This effort recently materialised into a major publication, that summarises
two Ph.D. thesis and other researches [1]. Basically it ended up into recommendations

o N 4
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meant to guide the design engineer in his choice of the post-tensioning level' in order to
guarantee a structure’s satisfactory behaviour in time.

However the possible influence of cyclic loads was not considered. The research
presented here has to be seen as a natural evolution of the work accomplished so far at
the IBAP, since one of its main purposes is to observe the post-tensioning level’s
influence on concrete structures’ irreversible deformations due to a repeated loading.
Another expected result is the development of a theoretical model, based on an
« improved » Moment - Curvature law which will take into account the long term non-
reversible behaviour. Such a law could then be implemented into a finite elements
program’s algorithm.

2. TWO NOTIONS

2.1 Irreversible deformations

What we mean by irreversible deformations is simply the differeiléé between a
reference state’s deformation (DO) characterised by a certain load level and a further
state’s deformation (D2) under the same load level, after the structure has been loaded
at a higher load and reached deformation D1 (figure2). Even if this difference is very

small, the repetition of a loading-unloading cycle will lead to an.accumulation of these
small differences, which will result in irreversible deformations.

N D1 % fime 1

R

. Q\ D2>D0
' S

Fig.2 Irreversible deformations

time 12

This irreversible behaviour is closely related to cracking, because the load repetition
causes a damaging between concrete and steel. Therefore the post-tensioning level plays
a major role since it determines whether the structure will be cracked or not.

From a design code stand point, it has to be recognised that even though some works
were carried out in this area, very little guidance (if none) is given in design codes [2]
on how repeated loading should be considered. Morcover the influence of a possible
post-tensioning force is not addressed.

! The post-tensioning level is based on a general concept which could be related to the amount of post-
tension. In fact it is a factor called B, going from 0 for a reinforced concrete beam to 1 for a fully post-
tensioned beam. But actually it is a deflection’s compensation factor. That is to say it gives the proportion
of the total deflection, compensated by post-tensioning. Thus 8 = 1 means a total compensation.

2.2 Cyclic loads
TheA ioads considered can be seen as assuming a double function. Firstly they can crack '

the structure when applied. Secondly they can increase the deformations by appearing
repeatedly, leading so to irreversible deformations.

Changes in temperatures ¢an produce stresses of the same order of magnitude as the
dead or live loads provided that the thermal expansion or contraction is restrained [3].
As far as bridges are concerned, traffic (especially the heavif:st_ portion of it) has an
impact also. Beside the two types of loads mentioned above, there are also the loads
that appear during the construction phase. Theses loads could crack the structure even

before it is finished.

The influence of cyclic loads on modern structures is actual. In fact thanks to the
technological progresses made on materials, construction methods and design by using
computer programs, the modern bridges tend to become slenderer and more elegant.
But the slenderer the structure gets , the greater the influence of varying loads becomes.

3. TESTS

The first part of this research consisted in setting up a series of ex?erimept?l te§ts to be
performed on post-tensioned concrete beams, which post-tensioning level varies from
one beam to another. The reference static model is a simple supported beam with a
parabolic cable. However the tested beams are characterised by a rectilinez?r post-
tension and the vertical balancing load is directly taken into account at the jack by
applying a smaller load. This way of proceeding was chosen to solve several practicgl
matters (transportation, application of the post-tensioning force before any load is

applied, creep induced deflections). »

The post-tensioning force runs from P =0 [kN] (reinfbrocd concrete) to P ='25‘9 [kN]
(fully post-tensioned beam : deflections due to permanent loads and post-tensioning are

equal to zero).
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Tlle first approach consists in considering the tested beam as a bridge to be built with
its loads defined, At that stage the design engineer has to choose the post-tensioning

. e

a2

force. The purpose of these tests is to illustrate the consequences of that choice with
respect to a long term deterioration due to cyclic loads. By keeping the ultimate load

constant for all the beams, which are differently post-tensioned, it automatically implies B

that the beams will be tested at different load levels. The four beams tested under this
appx’oach, are presented below. - ' '

s

A second approach has been -investigated, which consists in keepmg the load Ievel
constant, close to cracking. This approach will not be presented here.

3.1 Cycles

The sinus shaped cycles were apphed at a rate of 3 cycles per minute. The minimum
and maximum load correspond respectively to the long term permanent Ioadq and to the
total of dead and live loads. A total of more than 7000 cycles has’ been apphed If we
consider that one load cycle correspond to an actual daily temperature cycle, then it
would mean that 20 years have been simulated. This value is only indicative.

N v\:{'

3.2 Measurmg devices

¢ Five inductive captors

* Two parallel rows of 15 strain gauges (Omega gauges) on the top and bottom fiber at
- mid span over a length of 1.5 m.
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Fig.5 Measuriﬁg devices

4. FIRST RESULTS

Since datd analysis is not over yet, only a small part of the results are presented. A
complete report will be published later this year [4].

The four beams tested according to the first approach, were post-tensioned as follows:

Beam Post-tensioning force | Post-tensioning level
D [kN] B
GO0 0 0.0
GO3 80 0.3
GO06 150 0.6
G10 260 1.0 e

The first graph presented here below shows the maximum deflections’ envelops versus

the number of cycles. Obviously the load repetition leads to an increase in deflections

which varies from one beam to another. This increase diminishes with the number of
cycles, but after 7000 cycles the deflections are still increasing. .

18 T
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14 P
T Beam G03
E 12
]
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g 10
b _
= g
£ M
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0 l
0 1000 2000 3000 4000 5000 6000 7000

cycles

Fig.b Maximum deflections versus cycles

The increase in deflection can better be scen in the second graph (figure 7). It is
interesting to notice that the increase in deflections is smailer for GOO and G10 than for
the two other beams. This can be explained by seeing that for G10 the maximum
applied load is below cracking - therefore G10 is loaded elastically - and that for GOO
the beam is completely cracked at first loading. However for 603 and GO6 the crackmg

process is still evolving in time.

Another interesting, observation to point out is that about 80% of the meaeured
deflection's increase after 7000 cycles, has taken place after 1000 ¢ycles.
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5. CONCLUSIONS

Even though few results are known, some interesting observations were made.
Concerning the choice of the post-tensioning level, we can say that in order to avoid
large deformations and an "unacceptable” (obviously to be defined!) irreversible
behaviour, high post-tensioning level should be used. As a comparison the
recommended P based on long term observations of more than 200 bridges and on non

linear simulations is equal to 0.8 for a standard quality requirement [1]. Even if this -

research on irreversible deformations is far from being finished, it could be expected,
that it will end up in recommending high levels of post-tensioning to guarantee a
satisfactory behaviour in time.
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SAFETY OF REINFORCED CONCRETE BEAMS SUBJECTED TO
COMBINED STRESS

Kdilman Koris
Technical Universily of Budapest, Department of Reinforced Concrete Structures

H-1521 Budapest, Hungary

1. INTRODUCTION

At our engineering structures, the applied loads, the structural dimensions and material
properties are random functions. Due to such random fluctuations, the value of the
structural resistance is a random function, itself This uncertain behaviour of our
structures can be taken into account using a stochastic analysis. Probabilistic methods in
mechanics, for problems involving time-independent uncertainties, can be
comprehensively classified into two major categories: methods using a statistical
approach and methods using non-statistical approach [1]. Simulation, e. g. Monte Carlo
simulation is the most prevalent statistical approach. Non-statistical approaches include
second-moment analysis and stochastic finite element methods (SFEM).

Stochastic finite element methods have recently become an active area of research.
Researchers in this field attempt to combine the finite element analysis and the stochastic
analysis. The modern engineering structures are quite complex to analyse. The finite
element method (FEM) has proven by far the most effective tool available to engineers
solving a large class of such complex engineering problems. The formulation of the
stochastic finite element method is a natural extension of the basic ideas of the
deterministic finite element method to accommodate random functions.

The usual reliability analysis of reinforced concrete structures compares cross-sectional
resistance with locally acting forces. However, this process involves inconsistencies, so it
would be favourable to compare acting loads with resisting loads at system level rather
than at cross-sectional level [3]. The purpose of this paper is to present a stochastic finite
element technique that gives us the ability to compare globally acting forces with
structural resistance at system level. '

2. EXPLANATION OF STRUCTURAL SAFETY

Safety of a structure means the probability of the load effect (S) not exceeding the value
of the structural resistance (R). The safety of a structure is satisfactory if e

Prob[R—8=0] = (1-p)
where p is the probability of failure [8]. The structural safety is generally described by the
safety index (B). The distance between the mean values of the structural resistance (R,,)

and the load effect (S,,) can be expressed using the safety index as :

Rmmsm=l6'sRS
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Fig. 1 Explanation of safety index ()

To be able to determine the safety index, the knowledge of the distributions of external
Joads and structural resistance is needed. The distribution of different types, of loads can
be experimentally quite well examined, however the distribution of the structural
resist}ince is much more complicated to determine. Expecting normal distribution, the
mean value and standard deviation of structural resistance are needed to describe its
distribution.

3. MEAN VALUE OF STRUCTURAL RESISTANCE .

To analyse a reinforced concrete structure, the finite element method is applied. Since we
use the mean values of structural dimensions and material properties for the calculations,
the result we get is the mean value of the structural resistance.

3.1. Considering the material characteristic of reinforced concrete

For the finite element calculations, the stress-deformation relation of a reinforced
concrete element is required. To describe the post-cracking behaviour of structural

concrete in combined stiess-state, a method based on discretized space truss model is

used (Fig. 2). '

Fig 2. Multiaxially loaded reinforced concrete bar and its discretization

According to this method, the deformations can be determined to a given load
combination considering the equilibrium conditions, the geometry of deformation,
elastic-plastic stress-strain characteristics of the steel and non-linear stress-strain relation
of the concrete [6], [7].

‘q=F-®

3.2. Analysing the structure using finite element method - ... -

For the finite element analysis, a 1D bar element with:deformations of order three is.used
(Fig. 3). The deformation functions are approximated with C© continuous functions.

+VZT

Fig. 3 Linear and angular flexibilities of a bar element T ;;

The examined reinforced concrete beam is loaded with single-parameter load. The value
of the load-intensity is increased in steps until the structure fails. According to the
method described in Chapter 3.1, the stiffnesses of the finite elements are calculated by
successive approximation to each value of the load-intensity. Using the evaluated
stiffnesses, a chord stiffness matrix of the structure can be compiled and the
computations can be proceeded. The value of maximum load that can be carried without
the failure of the structure can be accepted as the structural resistance. o

4, DISTRIBUTION OF THE STRUCTURAL RESISTANCE

4.1. The variational approach

The expression for the deterministic finite element system of equations in a displacement
format can be written as - : .

Ku=gq 4.1.1)

where K is the stiffness matrix, u includes the unknown nodal displacements and q is the
vector of external loads. In case of single-parameter load, ¢ can be expressed as a
product of the load-intensity (F) and a toad-distribution vector (%): !

The displacement is influenced by the variation in the stiffness properties and the load-
intensity and can be split up into its mean and fluctuating components as

(K +0K)- (d+06u) = (g+dq) . (4.1.2)
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From equation (4.1.2) we get:

K u+K- ou+dK-u+0K-du=q+dq N (4.13)

-

The prddﬁct of 0K -du can be vne'glected'fr'om‘ (4.1.3), since its influence on the results is
expected to-be insignificant. Considering (4.1.1), the fluctuating components can be
separated into an independent system of equations:

0K -i=0q—K:dou (4.1.4)

In ultimate limit state, assuming the variation of displacement (du;) to be zero at node i
(where the structure fails), the equatlon (4.1.4) can be transformed into the following

expression [3];

. -
k1,1 kl,i-l »"(I)I kl,iH kl,n 5U1

. eee

Kigg o0 Kigia D kg i-1n 5“?1
OK-u=~K-04=—|ky - ki -® kg o ki, | OF (4.1.5)

ki+1,1 ki+1,i-1 ‘(I)i+1 ki+[,i+l

e g

ivin | | Oy

kn,i+l o kn,n | dun

ko -®,

n,i-1
Congsidering (4.1.5), the variation of load-iniensity (OF) can be evaluated from:

8q=-K 16K @ (4.1.6)
4.2, Evaluation of covariance using stoéhastic finite element method |

In (4.1.6) the variation of the load-intensity has been expressed, however, the variation

of the stiffness matrix (0K) is still not known. The stochastic finite element method gives -

the possibility to expand K about its mean value via Taylor series [1], [4], [5]. Assuming
that K is function of'an @ random variable, 0K can be approximately expressed with the

first order partial derivative of K as

oK = ng (4.2.1)

where 0« is the variation of '@. It should be noted, that higher order partial derivatives
have been neglected from'(4.2.1). This approximation is reasonable if the variation of the
stiffness matrix is less than about 15 per cent [5], [8]. Substituting (4.2.1) into (4.1.6)
and forming the covariance matrix, we get:
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where 0 includes the standard deviations of random variables and C, is the correlation

* . matrix. The correlation between different elements can be described by an exponentiaily

decaying function.of the distance between two elements and the length of correlation [3].
Using the method described previously, we are able to evaluate the mean value (F) and
the standard deviation (OF) of the load-intensity. Since F was calculated in ultimate limit
state, it can be interpreted as the value of the structural resistance at system level. If the
distribution of resistance (R) is assumed to be normal, F and OF can be used to describe

the distribution function:

-+ According to expression (4.2.2) and Chapter 2., the safety index and the structural safety

can be evaluated.

5, CONCLUSIONS

This paper presents a stochastic finite element technique that is capable of predicting the
distribution of the structural resistance, and the safety of structure at system level. In this
approach, the distributions of structural dimensions, material properties and the structural
resistance were assumed to be normal. However, in reality these distributions are rather
asymmetrical, such as Pearson IIL, Gumbel or Weibull distribution. Using these
distributions for statistical evaluations, ‘third-moment (skewness) analysis is also
necessary. The finite element calculations mentioned in this paper can be also improved
using more accurate 2D or 3D model to describe the behaviour of reinforced concrete.
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1. INTRODUCTION

Accelerated curing of concrete by atmospheric pressure steam is used extensively in the
production of precast concrete structural members. However, sometimes micro cracks are
formed on the surface of these concrete products. Such microcracks are difficult to detect
by the naked eyc and some defective concrete products may pass through the quality
check. After the steam curing period, if concrete products suffer carly drying,
microcracks may grow much bigger. This will make for a lower durability of the precast
concrete structure. However, there is no proper technique for detection of such
microcracks, and relationships between these microcracks and the durability of concrete

have not been investigated clearly.

The purpose of this investigation was to study the properties of microcracks formed on
the surface of concrete at the steam curing period and at the early drying period. A new
X-ray technique using a contrast medium was developed for this study to detect
microcracks. Relationships between surface microcracks and durability of concrete were
also studied by freeze-thaw resistance tests.

2. MATERIALS USED IN TESTS AND TESTING METHOD

Tab.1 Mix proportions of concrete
Gmax | Slump | Air | W/C| s/a Unite weight (kg/m”*)

2.1 Materials and
specimens

Water | Cement | Fine Coarse AB

()
(mm) ‘(cm) )| (%) | (%) aggregate | aggregate

The cement used was

high-early-strength
20 | 8+1 |5 |50 |46 | 192 | 384 4 : .08
portland cement, — Al 72 |0.0%

The fine aggregate was a river product

Tab.2 Steam curing conditions

and the coarse aggregate was crushed Pre- Rateof | Maximum | Rate
stone. The mi)_( proportions of the Serics | steaming | temperature | temperature | of
concrete were given in a water-cement period* rise + period | cooling
ratio of 0.5, air content of 5 pBl‘CCl’lt + 1 (hr) (Chir) ©) « (ar) | (C/hr)
as shown in Tab.1. The dimensions of
specimen used were 100 X 100 X 400 ! 6 31
mm as shown in Fig.1. 2 4 4.0
12 55 -3

2.2 Steam curing conditions ? > 49

4 0 5.8

Tab.2 shows the steam curing conditions ™
that were used in the tests. Four types of
different presteaming period were used.

Ordinary moist curing(O.M.C.)

*Presteaming temperature : 20 C

12 -

The other conditions; the presteaming temperature, the rate of temperature rise, the
maximum temperature and the rate of cooling, were each constant at 20 C, 12 C per hr,
55 C and -3 C per hr, in order to lessen, as much as possible, these influences. Besides,

‘the ordinary moist curing (0.M.C.) condition was used for a comparison.

2.3 Detection of surface microcracks Bottom 8y
: . O e

After the curing period, the bottom 20 mm

of the specimen were removed using a

diamond saw, and the surface microcracks

formed in the curing period were detected.

And a X-ray technique using a contrast

medium was used to detect the surface l

Placeing side

1060

100 Remove line

Removed using a
diamond saw

microcracks. The contrast medium was

permeated into the microcracks formed on Bottom
the surface of the concrete. The X-ray (detection side)
inspection was made, and microcracks were T
detected by a sharkasten (film viewing

device) from X-ray shadowgraph film. The &y, -
total length of the cracks were measured by T
the curvimeter on traced cracks, and the l«—»’
density of crack length was calculated as the  mig 7 Shape and dimensions of specimen
total length of cracks divided by. the traced (mm)

area, '

Seal side .

Remove side

Then, as shown in Fig.1, all the surfaces of the specimen, except the bottom (detection
side of the microcracks) were sealed with epoxy resins. The specimens were placed in a
climate room for 91 days at 50 percent relative humidity and 20 C to replicate the early
drying period. During the early drying period, X-ray inspection was made at 3, 7, 14,
21, 28, 56 and 91 days.

2.4 Test for resistance to freezing and thawing

The test was conducted in accordance with ASTM-C666 A (a method of rapid freezing
and thawing in water). However, all the surfaces of the specimen, except the bottom were
sealed with epoxy resins in order to allow deterioration only- from the bottom. side.
Change in the dynamic modulus of elasticity during freezing and thawing regime was
measured every 30 cycles up to the 300th cycle. The dried specimen was submerged in
water for 1 week after the carly drying period. Tt was then sealed and the test was started.

3. EXPERIMENTAL RESULTS

3.1 Properties of surface microcracks

3.1.1 Types of surface microcracks

Fig.2 shows an example of the cracks traced from an X-ray film, obtained by an X-ray
technique using a contrast medium, at the end of the steam curing period. It can be seen

from this figure that at the end of the steam curing period there were many microcracks on
the surface of the concrete. On closer investigation, surface microcracks could be

13 ‘
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classified into three types, scparatigm CI“koS between aggregate and paste, mortar cracks . .. Photo. 3 shows an enlarged shadow graph of vapor cracks. The spherical part in the center
and vapor cracks. In the following, enlarged shadowgraphs of these cracks shown on the . | p is an air void, and the radial white lines starting from the air void are the vapor cracks

X-ray film are presented.

g ':# N .,l M'«b& - TANTN 3.1.2 Influence of steam curing “E ‘o
" ) o, conditions ~§ T
Tag Y f j e vt Fig.3 shows the density of surface o 6.0
y o %}{'Sf” s A " microcrack length formed in the curing B 5.0
I, T S ke period for different curing conditions. It can = 4.0
M :,? ORI g be seen that the shorter presteaming period 3§ ;3
N, W oy 2\4\ ¥ of tended to form more microcracks. In the’ 5 20k
kg i o ; . “case of the presteaming period of 0 hr, « " |
PO T g ?l;{:x“ ¢ S LA;,_,,;,;- egate} s S relatively many mortar cracks in addition to - zg ’
. ﬁ* f,"‘) s f'* ”\*“ :«o") : : separation cracks were detected, and a few ‘@ *- " 2 4 6 O.M.C.
4 ;r\\p‘ R ey vapor cracks were also detected. In the case & Presteamu; eriod ()
s ¥ :’\ T, ) of the presteaming period of 6 hr, almost all - F '3 Densit gk [p th for different
o of the cracks detected were separation ig:3 Densily of crack length Jor differen

curing conditions

Fig.2 Microcracks traced from X-ray ft/m i~ [_‘_:‘iepara tion crack - cracks. These microcracks were observed
' i : by SEM and the widths were bctween 0.01 “‘E :
v and 0.03 mm. < [ : ! ]
Cracks | 3.1.3 Influence of early drying f - \ 1
period after steam curing period gﬂ 15 b/l  Ohr ‘
Photo.1 Separation cracks between Fig.4 shows changes in the density of ié 10 Nesfan l
aggregaie and paste surface microcrack length during the carly o - S <l ] !
e : drying period. It can be scen from this % 5 [z S e T €.
o E figure that the densities of surface :F:* 0.M.C.
: ’_@ﬂ‘fﬁ“ | microcrack length rapidly increased during ‘g 0 0' - '2 0"' ' X 0 = p 0' = o 1 00
. the first month of the early drying period.  Q Early dring period (day)

?ﬂefl 1 m.onttél, th? mt?th()f ltncrease ‘?IOW:'S' Fig.4 Relationship between early drying period
urt er, in e case of the steam curing, the and density of crack length
rate of increase of microcracks was much

vee
e

greater than that in the case of the ordinary * o~ -
moist curing. In the case of the microcracks = ook L L U OM.CL ,
formed during the early drying period, both 3 ; / S S . ] :
separation cracks and mortar cracks were % 90 [} 4 “ b
detected. These microcracks were observed ™ 8 1
T by SEM and the widths were between 0.05 g g,
Photo.2 Mortar cracks Phpto.3 Vapor cracks . * and 0.1 mm, which were bigger than that at g J
: , the end of the steam curing period. =z ! ]
Photo.1 shows an enlarged shadowgraph of separation cracks between aggregate and g 70
paste. In the photograph, the arcshaped white line around the aggregale is the scparation .. .. 3.2 Relationship between surface & i -
crack where the contrast medium permeated into chinks between the aggregate and the WeRte e mierocracks and freeze- thaw . ;‘5 60 0' E ”60“ '1'2;)' '1'8;)' I '2'4'0' : 30 0
aste. . ' '
p i resistance . Number ot freeze-thaw cycles '
Photo.2 shows an enlargéd shadow graph of mortar cracks. The gray part in the center is | 3.2.1 Influence of steam curing Figs I\;asu:s (f{reezwthaw reszet(c;nce ol
an aggregate, the white curve around the aggregate is the separation crack, and the cloudy A ,~ conditions o Ofs eam puring period
parts around the scparated aggregate are umslducd groups of many microcracks formed e
in the mortar. Fig.5 shows the results of the freeze-thaw resistance tests at the end of the steam curing
4, . 15
v Svdhoget g
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period. In ‘the all”cases, the differences in changes in the relativ,e'.dynamic modulus of

clasticity are small. From this result, the surface microcracks formed during the steam
curing period had a small influence on the freeze-thaw resistance of the concrete. It is
considered that the reason for small influence is that the widths of the surface microcracks
formed at the curing period were exceedingly small.

3.2. 2 Influence of eally drying pel iod after.steam curing period

!

Fig.6 shows the results of the frecze thaw

& T
resistance tests at the end of the early drying 100y .. Q:M:€..
period of 1 month. In the case of the £ R = I
presteaming period of 0 hr, the rate of & g N /

.o s o e T PO

decrease of the relative dynamic modulus of & I S Q\F N
clasticity was much greater than that in the & go ,/.....-3\1: -
case of the presteaming period of 4 hr. g I < W
From this result, the surface microcracks 2 7 ' i
increased during the early drying period had @ [ . ]
a big influence on the frecze-thaw resistance 8 ¢ Loiwsinnivadeiiveiviloiiein]

3

&

of the concrete. It is considered that the 0 60 120 180 240 300
reason for big influence is that the surface Number of freeze-thaw cycles
microcracks formed in the steam curing  Fig.6 Results of freeze-thaw resistance lests
period, suffered early drying and the widths at end. of early drying period of 1 month
grown much bigger. :

4. CONCLUSIONS

Experiments were carried out by X-ray technique using a contrast medium to- detect the
surface microcracks formed at the steam curing period and at the early drying period.
Relationships between surface microcracks and durability of concrete were also studied
by the freeze-thaw resistance tests. The following conclusions can be drawn.

(1) Using a X-r. ay technique with contrast medium, the surface microcracks formed at the
steam curing period could be detected. The surface microcracks could be. classified into
three types, separation cracks between aggregate and paste, mortar cracks and vapor
cracks. .

(2). The Shorter presteaming period tended to form more microcracks. In case of the
shorter presteaming period relatively many mortar cracks were detected.

(3) The densities of surface microcrack length rapidly increased during the first month of
the carly drying period. After the 1 month, the rates. of increase slowed. Further, in the
case of the steam curing, the rate of increase of microcracks was much greater than that i in
the case of the ordinary moist curmg

(4).The surface microcracks formed; during the steam curing -period had a small influence
on-the freeze-thaw resistance of concrete. However, such surface microcracks suffered
early drying and the widths grown much bigger. This made for a lower freeze-thaw
resistance of the concrete,
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1 INTRODUCTION

1.1 General considerations

Truss models with variable inclination of the concrete diagonals and related stress field
approaches are common tools in the shear design of structural concrete girders with
transverse reinforcement [CEB-FIP (1990)]. These approaches are based on a sound
physical basis through the theory of plasticity. In order to achieve the ultimate loads pre-
dicted by these models, sufficient ductility of the stirrups has to be provided and an
appropnate value of the effective compressive concrete strength must be used.

Test results related to the effective compressive concrete strength as well as the duc-
tility of stirrups are however scarce, especially for flat inclinations of the concrete com-
pressive struts at failure. Codes therefore usually provide limitations of the inclinations
of the struts and a seemingly low value for the effective compressive concrete strength in

order to prevent web crushing failures.

Investigations on the behaviour of wall elements [Collins (1979)] show that the effec-
tive concrete compressive strength depends on various parameters and that it may be
reduced to values well below usual code assumptions if large strains perpendicular to the
principal compressive direction occur, which has to be expected for flat inclinations of
the concrete compressive struts at failure. In these cases, even failures due to rupture of
the stirrups cannot be excluded since bond stresses for small, vertical bars are in fact
much higher than predicted by common design formulas. ~

In the structural assessment of existing structures which have been designed accord-
ing to empirical design formulas of older codes, the above mentioned limitatioiis of the
inclination of the concrete compressive struts often constitute a severe restriction.which
inhibits a successful verification of the load bearing capacity in shear. Many. of these
structures are heavily posttensioned with only slightly curved tendons which therefore
contribute only a small part to the shear resistance. By usitig a flatter inclination of the
concrete compressive struts the load bearing capacity could often be demonstrated con-
sidering the fact that the strong posttensioning usually provides substantial reserves in
the longitudinal reinforcement.

1.2 Objective of the experiments

The goal of the tests described in this contribution was to-investigate the behaviour (ulti-
mate loads, deformations) of webs of structural concrete girders with. low shear rein-
forcement ratios and correspondingly flat inclinations of the concrete compressive struts

at failure,
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Fig. 1: (a) Continuous girder and assumed stress-fields; (b) and (c) development of
stress-fields for increasing load, corresponding to test series VN and MVN, respectively.

In the shear design of girders by means of stress-fields [Sigrist, Alvarez and
Kaufmann (1995)], two generally different cases can be distinguished [Fig, 1]. On one
hand, outside the support regions there are continuous stress-fields in the web [Fig. 1(b)],
i.e. paralle]l bands of inclined concrete compressive bands and vertical tension-bands
(stirrups); for usual situations no plastic deformations of the chords will occur until fail-
ure. On the other hand, at the supports there are fans [Fig. 1(c)], i.e. discontinuous stress-
fields consisting of radiating concrete compressive struts transferring the shear forces to
the nodal zone at the support; large plastic deformations of the tension chord will occur
especially at intermediate supports of continuous girders designed by limit analysis.

These two cases have been studied in test series VN and MVN, respectively. Of the
various parameters influencing the behaviour of webs of structural concrete girders, the
following have been investigated in detail:

* Normal forces (required re-orientation of the inclination of the compresswe struts
from cracking untll faxlure) :

e Pre- ex1st1ng, vertmal cracks in the web caused by preceding loading in tension
(restraints);. -

¢ Plastic de'foi‘mdtions of the tension chord in the support region;

*» Posttensioning and differences between posttensmmng and externally apphed normal
forces, ‘

In all tests the behiaviour of the girders under monotonically increasing load until failure
was investigated. Forces acting on the specimen, deformations, average strains and crack
widths were measured and continuously recorded. -
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2 EXPERIMENTS

2,1 Beam Element Tf;ster

The experiments have been carried out using a novel testing facility called “Beam Ele-
ment Tester” (BET). Since the BET has been designed by the author and was used for the
first time in these tests, some details of the facility are given below.

The basic idea of the BET is to investigate elements of beams rather than entire gird-
ers. In this way realistic cross-sections can be treated while the total element size remains
within reasonable limits for fabrication and tfansportation.

The facility [Fig. 2] consists of two reaction frames, two connectors transferring the
applied loads to the element and a varying number of jacks and reaction struts depending
on the test type. Element sizes of up to 6 m length and 0.8 x 0.8 m in cross-section can be
tested. Two horizontal 2.5 MN jacks acting on the connector in a distance of 1.20 m
allow to subject the element ends to up to 5 MN in tension/compression, 3 MN in bend--
ing or any combination in between. These capacities allow to overcome the resistances
of even heavily reinforced elements already at their ends; failures should however
always occur in the central portion of the elements in order to get reliable results. Shear
forces are introduced through the vertical jack and are limited to 1 MN in the configura-
tion of Fig. 2. Together with additional jacks acting in the span of the element, almost
any desired combination of in-plane loads can be generated. o

Tensile forces are introduced at the element ends through longitudinal reinforcement
welded to T-shaped blocks which in turn are fixed to the connectors with high-strength
bolts. In this way, up to 5 MN of tension may be introduced in a flange of 0.8 X 0.15 m.

1.60 —e

1,60 8.00

—3.20

[

Fig. 2: Beam Element Tester (BET), plan and elevation (jack at mzd?pan used for test
series MVN only; dimensions [m]).
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2.2 Specimen geometry and material properties

The geometry of the specimens was identical for both test series. The elements measured
5.84 m in length, 0.78 m in height and were of I-shaped cross-section. Top and bottom
flanges were 0.80 m wide and 0.14 m high; web thickness was 0.15 m in the central por-
tion of the elements. In order to prevent failures at the element ends, the web was thick-
ened to 0.45 m in the end-regions and additional vertical reinforcement was provided.

The shear reinforcement in the central portion of all specimens consisted of vertical,
closed stirrups @8 @ 200 mm corresponding to a geometrical shear reinforcement ratio
of p,,=0.34 %. The stirrups as well as the longitudinal reinforcement were made from
standard deformed bars with an average yield strength of about 520 MPa, Young’s Mod-
ulus of 208 GPa and an ultimate strain of 5-8 % for the stirrups and 12-15 % for the lon-
gitudinal bars. The average concrete compressive strength for both test series was
f.’ = 57 MPa and f_ = 68 MPa for the cylinders and the cubes tested, respectively.

2.3 'Test Series VN

The four specimens of series VIN were monotonically loaded in shear until failure, with
zero moment at midspan as shown in Fig. 1(b). The longitudinal reinforcement was iden-
tical for all specimens and designed to remain elastic during the test.

Before the actual test, specimen VN1 was subjected to all combinations of maximum
normal forces and moments (with V=0) produceable by the BET, which resulted in verti-
cal cracks over the entire specimen height at a distance of 200 mm (stirrup spacing).
Specimens VN3 and VN4 were subjected to axial tension and compression of 1.00 MN,
respectively, before being loaded in shear; the axial force was then held constant during
the test.

2.4 Test Series MVN

The four specimens of series MVN were also monotonically loaded in shear until
failure, but in contrast to series VN an additional vertical jack was provided at midspan.
The loading procedure [Fig. 1(c)] simulated the bebaviour of an (inverted) intermediate
support of a continuous girder designed by limit analysis. In the first phase of the test,
horizontal forces were controlled such that moments at the element ends were zero. In
the second phase, after reaching the yield moment at midspan, rotations of both element
ends were prevented and moments arising from the increasing force at midspan were
thereafter primarily taken at the element ends, Vertical forces were continuously
adjusted such that morments at both ends of the element were equal throughout the test.

MVNI1 to 3 were designed to reach the yield moment at midspan under the same net
web shear (i.e. total shear - contribution of the inclined posttensioning cable, see below);
MVN4 was designed not to yield at midspan during the entire test.

Specimens MVN2 and MVN4 were subjected to axial compression of 1.30 MN
before being loaded in shear and the axial force was again held constant during the test.
Specimens MVN3 and MVN4 were posttensioned with a bonded VSL 6-7 cable
(P, = 1.85 MN) tensioned to an initial force of 1.30 MN and anchored on the backside of
the connectors of the BET. The cables were directed straight downward from the element
ends until midspan where they were deviated with the minimum allowable radius of cur-
vature.

20

92 [O] aym [%0]
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30| E J
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200 300 400 500 600 200 300 400 500 600
V [kN] V [kN]

Fig. 3: Principal compressive strain directions and average vertical strains measured in
the central portion of the specimens, test series VN.

3 PRELIMINARY RESULTS

The tests have shown that the BET enables tests on elements instead of entire girders,
even when relatively high forces have to be applied to the element ends. No specimen
failed within the end regions, even in series VN where the maximum loads occurred at

the element ends.

Test results of both series indicate that, as predicted by stress-field solutions, longitu-~
dinal forces, pre-existing cracks and yielding of the tension-chord reinforcement only
slightly influence the shear resistance of girders with appropriately designed chords. For
example [Fig. 3], all specimens of series VN reached about the same ultimate loads and
measured principal strain directions were very similar after cracking. The major influ-
ence of normal forces observed was that principal tensile strains at the same shear load
significantly increase with applied axial tension and decrease with axial compression
arising from external forces or prestressing. In cases without axial compression the
resulting large vertical tensile strains may therefore lead to premature failures due to
breaking of the stirrups rather than crushing of the web concrete as predicted by the the-
ory of plasticity. Such failures are much less critical if axial compression is provided by
either external normal forces or prestressing. A detailed presentation of the test results
will be published in a test report [Kaufmann and Marti (1996)].
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1. INTRODUCTION

The bearing capacity of reinforced concrete structures is usually determined using limit
analysis methods based on the theory of plasticity. The application of this theory requires
that the plastically deformed regions of the structure possess a sufficient deformation
capacity. In fact the ultimate state can only be attained if a premature failure due to any
critical deformations is excluded by plowdmv an adequate ductility of all structural
components, When using design methods based on the theory of plasticity, a verification
of the compatibility of deformations is often neglected. The deformation capacity
required for the redistribution of internal forces has then to be ensured by considering
general design rules. In some cases however a strict verification of the deformation
capacity of the structure is unavoidable to justify the chosen state of equilibrium.

The deformation capacity of reinforced concrete structures is governed by the material

ductility of concrete and steel, the structural ductility of the composite elements and by

characteristic geometrical dimensions of the statical system such as slenderness and
shape of cross-sections. In structures subjected to bending failure occurs at locations
where so-called plastic hinges develop during the loading process. The rotation capacity
of these regions depends on the elongation capacity of the tension chord and on the
admissible strains in the compression zone and in the web. The amount of plastic rotation
in the hinge region is mainly due to the elongation of the tension chord. The deformation
behaviour of the tension chord can-be described by a constitutive law which strongly

depends on the mechanical properties of the reinforcing steel and the bond behaviour |

between concrete and steel bars.

In structural elements subjected to tension the ductility of reinforcing bars is restricted by

the so-called tension stiffening effect. The tension stiffening is due to bond between-
concrete and steel bars which causes a variation of the steel stresses and strains between

maximum values at the cracks and minimum values between two cracks. The average
value of the steel strains between two cracks is therefore only a portion of the maximum
steel strain at the crack. The ratio of these two values ‘quantifies the restraint action
caused by the tension stiffening effect. This restraint action increases in the post-yield
range of the reinforcing steel, since the decrease of steel strains starting from a crack is
much more pronounced than in the elastic range. This is due to the fact that the low
strain-hardening modulus of .the reinforcing steel demands for a higher gradient of steel
straing in order to satisfy the equilibrium and compatibility conditions of the bonded
steel bar. As a consequence, the plastic strains of steel are concentrated in relatively
narrow areas around the cracks and the average value of stee] strains is only a small

portion of the maximum plastic steel strain. However, this increase of the tension-

stiffening effect in the post-yield range of steel is mitigated by the gradual deterioration
of bond conditions [4].
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2. RESEARCH SIGNIFICANCE

Load tests in pure tension allow for a direct experimental determination of the relation
between average steel strains and maximum steel stresses in cracked structural elements.
This constitutive law in tension is an important basis for any calculation of deformations
of reinforced concrete structures. The large-scale tension tests presented in this
contribution aimed at investigating some main influences on the elongation behaviour
and capacity of tensile structural elements:

» mechanical properties of the reinforcing steel and in particular
the shape of the strain-hardening branch of its constitutive law,

» reinforcement ratio,

* prestressing,

+ transverse reinforcement,
* strength of concrete.

In addition to the large-scale tension tests a series of pull-out tests were performed to
determine the bond characteristics of the reinforcing bars. The resulting bond laws may
be used to predict the tension stiffening effect by means of analytical or numerical

models.

3. EXPERIMENTS

The test series consisted of nine large-scale tension tests on reinforced as well as
prestressed wall elements and of 21 pull-out tests on concrete cubes. The reinforcement
consisted of steel bars @ 14 mm of three different ductility classes (H, N, L) and post-
tensioning cables VSL 6-7 (1850 kN at ultimate) in plastic ducts. The ductility properties
of reinforcing steel are usually quantified by the ratio of ultimate and yield stress (Fsulfsy)
as well as the ultimate strain €g,. Figs. 1 (a) and (b) show the conception of the tests and
Tabs. I and 2 contain the parameters chosen in the tests. The ratios of longitudinal
reinforcement in the wall elements varied from 1 % in the specimens Z1 through Z6 to
0.7 % in specimens Z7 and Z8 and 2 % in specimen Z9. In the pull-out tests, centric and
eccentric pull-out with different concrete covers of the bars were investigated as well as
the influence of plastic deformations of the bar on the bond law.

4. EXPERIMENTAL RESULTS

Fig. 2 (a) shows the stress-strain diagrams of the reinforcement and Fig. 2 (b). the
constitutive law of the structural wall elements Z1, Z3, Z4 and Z8 up to failure. Note that
the specimen reinforced with steel of ductility class H reached an elongation at ultimate
of about 6 % while specimen 74, reinforced with steel N, failed at an elongation of
approximately 0.6 %. Therefore, ratios (€g,/€,,,,) at ultimate of about 0.5 and 0.2 are to
be expected for reinforcing steel of ductility class H and N, respectively. A detailed -
presentation of the test results will be published in a test report [1]. K
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Fig. 1 — Conception of (a) tension tests and (b) pull-out tests, [mm)].

Specimen . HZl 72

73

Z4 5

26 Z7 Z8 z9

Longitudinal reinforceme%t
Ag =nhs@gry  [mm’]

2156

Prestressed reinforcement . .
Ap [mmz]

Dugctility class of H
reinforcing steel

Transverse reinforcement @8 @ 200

78 @200

Concrete cube strength 50
Jew [MPa]

50

Tub. 1 ~ Test program for the tension tests.

He

Series
P,

"Al

A2 -

A3 A4 AS

Type of test

centric pull-out

i Concrete cover . [mm]}

93

I Plastic steel strain at begin of pull-out  [%o]

Concrete cube strength £, [MPa]

50

Ductility class of reinforcing steel

H/N/L

Tab. 2 — Test program for the pull-out tests.
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Fig. 2 — (a) Stress-strain diagrams of reinforcing steel; (b) Force-elongation
diagrams for specimens 21, Z3, 74, Z8,

5. CONCLUSIONS

~

The large-scale tests on wall elements presented in this paper allowed for an
experimental determination of the constitutive law of structural concrete in tension up to
failure, These constitutive law demonstrates the restraint of the elongation capacity of the
naked steel bars due to bond action. The influence of tension stiffening on the elongation
capacity of structural elements was shown to be particularly pronounced when using
steel reinforcement with poor ductility properties. This fact can be explained by
considering both that a lower strain-hardening modulus (equivalent to a smaller ratio
(faulfsy)) causes a more pronounced localization of plastic steel strains near the cracks
and that a large ultimate steel strain €, along with the deterioration of bond conditions
would be needed to gradually reduce this localization. As a main result it must be pointed
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out that the elongation capacity of a structural element diminishes more than -

proportionally with a decrease of the ultimate steel strain €g, assuming that the ratio
(fsulfsy) and the bond conditions remain the same. In cases where a substantial
deformation capacity is required to allow for the redistribution of forces needed to reach
the assumed design ultimate state, minimum requirements for the steel ductility are
necessary to supply the required deformation capacity.

Notation

Ag  cross-section of reinforcing steel 8  bondslip

A,  cross-section of prestressed steel €, average strain

fsu  ultimate steel stress g, steel strain

fsy  yield steel stress g, ultimate strain of reinforcing steel
few concrete cube strength O, steel stress

N normal force T,  bond stress

Al elongation p  geometrical reinforcement ratio
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EARTHQUAKE RESISTANT DESIGN OF TALL BUILDINGS BY
THE CON TINUUM METHOD
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Abstract

High-rise buildings are investigated for earthquake using the continuum method. A

" replacement Timoshenko-beam is analysed using the Response-Modal Analysis with
Mode Superposition. A model is presented which enables the designer to determine

easﬂy and quickly the base shear, the overturning moment, the top dlsplacement and the
maximum inter-story drift ratio of tall buildings subjected to earthquake.

"~ 1. INTRODUCTION

The analysis of high-rise building structures for earthquake requires extensive numerical
calculations, even at the beginning of the design procedure. These "exact" calculations do
not show directly the effect of the different geometrical and material properties on the
behaviour of the structure under seismic loads.

Replacement
beam

Structure oo -

L —

D —

Ground motion Ground motion

Fig. 1 Response of the original structure
and the replacement column to ground motion
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To overcome these shortcomings, approximate calculations were proposed in the past [1,
2, 3]. One of the best candidates for a quick approximate calculation is the continuum
method. The basic idea is that the real structure, containing differeiit discrete’ elements
e.g. beams, columns, walls, etc. is replaced by a continuous column. The overall
behaviour of the original structure has to be the same as that of the replacement column.
This is illustrated in Fig. 1, where both the original discrete structure and the replacement
column are subjected to the same ground motion. The horizontal displacement of the
two structures must be the same, however the local behaviour (e. g. the slope of the
columns) can be different.

The replacement continuum was determined by several authors for uniformly distributed
horizontal load [4, 5, 6, 7, 8], seismic load [3, 9, 10] or for the stability analysis under
vertical loads [11, 12, 13]. To achieve a good accuracy the replacement column has to be
tiiore general than the classical beam having flexural deformations only. (In the following
the replacement bar will be referred as "beam", and not as column). Many authors [9,
14, 15] proposed a "sandwich bar with thick faces" as a replacement continuum.

A sandwich beam (see Fig, 2) contains three different layers: two face sheets and a core
in between. The faces are more rigid than the core. The sandwich is characterised by

three stiffnesses, the global bending stiffness { B, ), which is due to the compressibility of
the faces, the local bending stiffness (BI), which is due to.the bending of the faces and

the shear stiffness (S). The basic idea»'i-s»:that the individual beams or braces between the
columns are "smeared" through the height of the building.

bid?
B =22 _F
& 2

3
B;::Q-

6
S = bdG

: :"E‘Fig. 2 Cross section of a sandwich beam.
The Young modulus of the face sheets is denoted by E,
the shear modulus of the core is denoted by G.

The calculation of the replacement stiffnesses from the properties of the structure is given

in [3, 13]. Because of the relative difficulties in the analysis of the above mentioned
sandwich beam with thick faces simplified models were also suggested [8, 10].
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* For wide rigid frames the global stiffness can be assumed to.be infipite, By = ., In this

case we obtain the columns supported by a "shear type" foundation:;-
yp i He

-1

For narrow building structures the global bending stiffness could be negligible, B =0,
while By plays an important role. In this case we obtain a Timoshenko-beam-i.e. a beam

having flexural and shear deformation with the stiffnesses B, and §.

Stafford Smith [16] worked out an approximate,. simple solution for.the sandwich bar
with thick faces. In his paper design charts are also presented to determine the first two
periods of vibration and the seismic base shear forces. However, his solution is not
applicable for the analysis of rigid frame and braced frame structures.

Several authors investigated the Csonka-beam. Basu [17] and Kollar [10] also presented
design charts to get quick answers.

Neither Stafford Smith's solution nor the analysis based on the Csonka-beam are
applicable for the analysis of narrow buildings which are common structures in practice.
The Timoshenko-beam is a good candidate for the analysis.of these structures. However,
no analysis seems to be available on the basis of a replacement Timoshenko-beam.

2. PROBLEM STATEMENT

We consider high-rise buildings having a symmetrical stiffening system. The members of
the shear walls, rigid frames and braced frames are assumed to be the same at each level,
hence the individual levels have the same stiffness characteristics. The mass of the floors
are also assumed to be identical through the height of the building.

Our aim is to give a quick approximate analysis for the design of the elements of the
building for earthquake loads.

3, METHOD OF SOLUTION

In the analysis we assume that the elements of the building behave in a linearly elastic
manner, no plastic deformations or energy dissipation occur. Because of the symmetry of
the building only in-plane motions are considered, the torsional motions are negligible.

The high-rise building is replaced by a continuum, by a Timoshenko-beam, having
flexural (Bg -and shear (§) stiffness. The calculation of these stiffnesses are given by

Stafford Smith [3] and Hegediis and Kollar [13].

Building code prescriptions (eg. UBC, DIN, EUROCODE, HUNGARIAN
STANDARD, etc.) are determining the loads on a building using the Response Modal
Analysis with Mode Superposition [18, 19]. Due to this method the horizontal forces
acting on the building depend on the period of free vibration and on the mode shape

. functions.

" Knowing the distribution of the horizontal seismic forces (F ( x)), the dis_placemehts and

internal forces can be calculated performing a simple static analysis of the building.
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The free vibration of the Timoshenko-beam was investigated by Kopecsiri and Kollar
[20] and a computer code and design charts were also developed to analyse high-rise
buildings subjected to earthquake.

4, NUMERICAL EXAMPLE

Rigid frame. Stafford Smith [22] investigated a 20-story rigid frame structure for..¢

uniformly distributed load. The same structure will be investigated for earthquake in the

following. The geometrical and material characteristics of the frame are given in Table 1 ..
and Fig. 3. Both "exact" and the approximate method based on the Timoshenko-beam ..
were considered in analysing the structure. The exact calculation was carried out using ...

the ETABS code [21].

Table 1 Geometrical and material
characteristics of the rigid frame

Number of stories = 20

Total height, # = 61m

Story height, A =3.05m

Clear span of openings: 1;=5.49m,
L, =4.88m, L3 =4.27m,
Weight/unit height: mg=588.6kN/m.
Modulus of elasticity:
E=2.780x107kN/m? ' §
Area of columns: H G Gl G| G

Az = A4,4=0208 m2.

Area of beams;

Ay = Ay =0.178m 4y5=0.2m°,
Moment of inertia of columns:

Iy =1,=027Tm*
I3=1,4=0413m*,

Moment of inertia of beams: -

Ly =Ly =0.354m® I3 =0.505m"

Fig. 3 Rigid frame example.
Stafford Smith [22 ]

The results and the relative differences are summarised in Table 2. The differénces are
always under 5%.

The effect of the total height of the building was investigated in Fig. 4a and b. Three sets .

of data are shown : results produced by ETABS, by the present method (Timoshenko- ...
beam) and by Kollar [10] (Csonka-beam). In this case Stafford Smith's solution [16] is. .

applicable only under 7 stories. The comparison of results shows that the Timoshenko-
beam gives quite accurate results above 10 stories while the Csonka-beam is inaccurate in
the same region.

30 e e

Ay = A =0.182m°, 5 | B |5 jh'
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12 1

(Cronka boam)

0 10 20 30 40 50

Number of stories

Y

(Timoshenko beam

[Csonka beam)

1 2 3 4 5 6 7 8

9 10

Number of stories

Fig. 4 First period of vibration of the rigid frame
in function of the number of stories
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Table 2 Comparison of results and assessment of accuracy

Mode Percentage
of Present method * | ETABS discrepancies with
Vibr. - FEM analysis
() &(%)
Periods of vibration 7{sec)
1 4.88 4.98 _ 2.0
2 ... 1.60 R 1.61 : 0.6
3 0.91 0.90 1.1
. Base shear V(kN)
1 193.8 188.9 2.6
2 29079 ¢ 30.02 0.8
3 15.55 16.18 3.9
Maximum probable base shear Voax (KN )
196.7 192.0 2.4
: Base moment M(kIN)
1 7698 8080 4.7
-Top deflection A](m)
! 0.055 0.057 3.5
o Maximum inter-story drifi-ratio &y
1 0.00116 0.00122 4.9
5. CONCLUSIONS

Th’e a}pproximate method based on the Timoshenko-beam model is applicable for narrow
buildings where the known approximate methods [10, 16] brake down.

Comparisons with FE (ETABS) [21] analysis show that this simple method can be an
effective and reliable tool for the design of buildings for earthquake.
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Previous research has provided detailed description of the flexural failure mode (which
r is similar to that of R.C.) and quite accurate theoretical models for the estimation of the
flexural capacity of a reinforced masonry wall {1}, [5];|8]. On the contrary, referring to

SEiSMIC BEHAVIOUR OF REINFORCED MASONRY WALLS

Nikoletta PSILLA . o

National Technical Umverszly of Athem L the resistance of a wall failing t0 a shear mode, the available data are not sufficient to

Laboratory of Reinforced Concrete RS lead to definite conclusions. In géneral, the shear resistance of a wall depends on
several different mechanisms, e.g. the dowel action of vertical reinforcement , the

5, Iroon Polytechniou St, 157 73, Zografou, Greece . : ‘ o A . '
' tension capacity of horizontal reinforcement (see Fig. 1), the truss and beam action of

vertical and horizontal steel and masonry as well as the interlocking forces between the
INTRODUCTION _ parts of the wall, separated by diagonal cracking. Moreover, significant role to the

' : L effectiveness of horizontal reinforcement plays the bond between mortar and
; reinforcement in mortar joints, the anchoring conditions at the wall’s vertical edges as

Unreinforced masonry, constitutes a non ductile, brittie material with almost no energy , T .
well as the mechanical properties of the masonry units, .,

absorbtion, thus exhibiting unsatisfactory performance under seismic loading. In order
to enhance strength and ductility dgamst service conditions and mainly against seismic g N _ ‘ N
actions, masonry structures are usually vértically and horizontally reinforced with steel - H ¢ » H : ‘
reinforcement. In fact, it has been reported [1] that reinforced masonry structures could - . . --P'k| | _% R -
be designed to adequately perform under major earthquakes, provided that careful . N '
design and detailing requirements are followed. Hence, concerning low-and medium- \(&
rise buildings, reinforced masonry could constitute an easier and more cconomical
construction system compared to that of reinforced concrete, nowadays commonly
-used. It should be noted, however that, despite its several merits, the technique of
reinforced masonry finds a rather limited application. As illustrated in most’ recent N %
international regulatory codes, for several aspects related to reinforced masonry design - W
and construction, research has not yet succeeded to provide the necessary quantitative {
‘ information which would allow for a rational and economical design and construction
i of reinforced masonry buildings. Thus, the design of reinforced masonty is still more or Fig. 1 Mechanism of reinforcement action at shear failure of a remforced
’ less based on empirical equations and minimal measures. It is therefore obvious that for masonry wall 2]
the full development of this technology, a design level, similar to that of concrete, . . . _ o
, should be succeeded. o ‘ Due to the complexity of the mechanisms involved, there is a lack of validated
| ' - ‘ theoretical models for the evaluation of shear strength and ductility of wall panels. On
STATEMENT OF THE PROBLEM the other hand, although the rather large amount of the available experimental data, in
many cases contradictory results have been obtained, owing to the large number of
design parameters involved and the different testing teuhmques followed. This is the
reason why, codes provisions are usually based on experience from the behaviour of
masonty walls in reinforced masonry struoturee thus bem,g., in many cases
oversimplistic and overconservative,
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Masonry walls constitute the basic structural elements of reinforced masonry building_,s
designed to provide the major seismic resmtame of the building, carrying the in-plane
lateral forces.
Depending on their position in the structural system, their effective aspect ratio,
quantity and arrangement of vertlwl and horizontal reinforcement and on the
mechanical properties of the matcrlale two distinct inelastic deformation mechdmsms e
can be exhibited by shear walls subjected to in-plane seismic loads: (S
- the flexural mechanism characterised by tensile yielding of vertical reinforcement at

the tensioned side and crushing of masonty units at the compressed toe,
- the shear mechanism, characterised by diagonal tensile cracking.
Results of previous research [3], [4], |10] have indicated that shear mechanism is less
desirable than the flexural one. In fact, wall components dominated by the shear
mechanism are more brittle than those dominated by flexure, thus leading to a severe
reduction of the overall ductility of a structural system and thereby severely
jeopardising the overall seismic resistance of the structure. It is therefore necessary to ]
know the strength and deformability capability of masonry walls under different ‘
behaviour modes to avoid undesirable brittle shear failure in reinforced masonry design. |

Therefore, the need becomes obvious fot a rational model to predict the mode of failure
to be expected for the masonry element under consideration and its correspondmg
strength and ductility. Thus, this work is focused to the investigation of the behaviour
of reinforced masonry walls against seismic loadm&, to obtam quallquatnve and
quantitative information on their strength and ductility. The aim is to enhance the data
base and improve somehow the current design methodology concerning the analytical
calculation of the resistance uharactenstlcs' ofa masonry wall, a5 well as the appropriate
minimal measures,

PLAN OF THE WORK

Although' reinforced masonry includes a wide range of material types and various
construction forms our investigation is concentrated in the specific materials and
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construction technology developed in Greece, within the frame (}f a Brite-Euram T T ; aspoct s oo | vertical ;| py | horizontal
european programme entitled “ Industrial Development of Reinforced Masonry (mmz) (mm) tio (MPa) | (%) steel (%o) steel
Buildings”. In our case the reinforced masonry system is obtained with the horizontal 550 x 1850 | 320 143 0.2 048 | 1010/51 | 0.59 | 208/53
reinforcing bars embedded in the horizontal mortar joints and a diffused vertical 1 o X %50 20 1'00 05 048 | 101051 1059 | 208/53
reinforcement inserted in special holes made out in special vertically perforated clay ;5 1:22 X ;850 330 1'00 ()‘ 1 0' 48 | 1010/51 | 0.59 | 2d8/53
. " ') . (3 5 3 : S Y “ N, . . . ) 54 x % i . . . . . 8/ w
‘ units (see Fig. 2); only the holes where the reinforcement is placed are filled with grout : TYCIETIT o 00 s voa 1014511085 | 201053 »
| 8 | 1590 x2700 | 320 0.59 0.2 1048 | 1010/51 | 0.59 | 2D8/53
A — Tab. 1 Reinforced masonry wall specimens
o] 1oL JoAn o)
CUoElolemnl
65
O
',&Q_K)j_o_e_‘muor = ~M'
\ - j T . :@ ! ] ) ‘aonprete beam .' e
d i i :
2x{1=0 oxternal ateel

caporete _load

Fig. 2 Clay unit and form of reinforced masonry construction developed in Greece
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In the first stage of our work, the mechanical characteristics of the constituent materials
namely clay unit, mortar and grout and unreinforced masonry (against compression,
tension and diagonal compression) are experimentally investigated, to obtain their full
stress-strain curves. This constitutes a necessary information to be used in models to be ‘ -
developed in the following stages. |

: Fig. 3 Test set-up for testing the seismic resistance of reinforced masonry walls
Further, the different force transfer mechanisrs developing along an uncontinuity
(crack or joint) of a reinforced masonry wall and conditioning its strength and : 50
deformability characteristics are isolated and experimentally investigated. Thus, a series 400
of reduced scale tests on various mechanisms are carried out, namely on friction
between brick and brick or between brick and mortar, on dowel and on pull-out, push- I
in action of vertical and horizontal reinforcement, On the basis of the experimental i
results obtained analytical models on the different mechanisms' are calibrated and \
corrected. Our intention is, these models to be used as input for the development of a ]
model describing the strength and deformability characteristics of masonry shear walls, }
|
|
|
n

300
200

100

0

-100

Lateral load (KN)

taking into account the participation proportion of each mechanism.

i . ~200
This model is calibrated and- corrected on the basis of test results on full scale
reinforced wall panels under seismim loading. To this purpose the shear behaviour of
five full-scale cantilever walls are experimentally examined. Although the inelastic
behaviour of reinforced masonry walls is intluenced by many factors, in this work the
parameters investigated are the effective aspect ratio, the quantity of vertical and
horizontal reinforcement and the magnitude of axial compressive stress (see Tab. 1) All

~300

~400

i Lateral displacement (mm)
} I'ig. 4 Hysteresis curves of specimen 8
|
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_specimens are subjected to a standard displacement history, while the axial compressive

* -stress-is maintained constant during each test (see Fig. 3 and 4)

g

* Finally, by means of this model an attempt is made to make clear thlelrole of the

minimum fatio of reinforcement, '

coNi:IJUSiB&S'

rom the results up to'now it seems that the development of a model describing the

tsltlreengél:t iz:?l;iageformability characteristics of masonry shear walls, taking into account

sipation proportion of each mechanism could b 51

analytical work is still to be carri g u I it experimen s
ried out for i g i ,

Somalored 56 for. the full evaluation of the experimental work
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1. INTRODUCTION

is a popular building method found world-
However, the tensile and shear strengths of
ic forces. Many of the fatalities
f UMC. Although most modern

te, some unreinforced masonry

Unreinforced masonry construction (UMC)
wide because of its low cost and simplicity.
unreinforced masonry are insufficient to sustain seism
resulting from earthquakes are caused by the collapse o
construction is either steel frame or reinforced concre

structures still remain in use.

retrofit techniques have been developed, most involving the addition of
These procedures suffer from a number of dis-

cumbersome, and subject to corrosion.

Many steel
reinforcement bars to masonry walls.
advantages. The reinforcing steel is expensive,
etrofit techniques are also time-consuming and labor-intensive.

erous applications for composite materials have arisen in the field

of civil engineering [1-6]. In particular, composites have been examined as a possible
alternative to steel as the reinforcement material in reinforced concrete [7-9]. Addi-
tionally, composites have been proposed as a repair material for bridges [10-12] and
columns and to build offshore constructions [1]. The reason for the rise of composite
materials stems from its advantages over traditional building materials. It is superior

to steel in strength, weight, and corrosion resistance.

These r

In recent years, nurm

In this work, the use of composite materials to retrofit unreinforced masonry is explored.

The benefits of composites offer a retro
associated with unreinforced masonry. It is prop
be used to resist the tensile load incurred by a struct
to form a single load-bearing unit capable of sustaining compressive,

loads. To achieve this, fiberglass s be,
structures at strategic locations in a “wallpaper” fashion, as illustrated in Figure 1.

s work is to evaluate the feasibility of such a retrofit technique, to
d to examine the basic behavior of

osed that fiber-reinforced plastics can
ure and combine with the masonry
shear and tensile

The purpose of thi
determine appropriate materials and methods, an

composite reinforced masonry.

Two types of test arrangements are considered:

e Single Brick
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fit technique to overcome the usual problems -

heets can be applied to the surface of masonry




Masonry Wall

Reinforcing Fiberglass Sheet

Figure 1 Fiberglass “wallpaper” retrofit method '

e Beams

2. SINGLE BRICK TESTS

During loading, the reinforcement may separate (delaminate) from the masonry. To
utilize composite reinforcement effectively, the delamination phenomenon must be un-
derstood. To gain some understanding of this delamination process, reinforced single
bricks were tested in under three different conditions.

e Two half-bricks (Figure 2a).
o Two “staggered” half-bricks with a % inch step between the halves (Figure 2b).

e T'wo half-bricks with a  inch initial (before loading) delamination between the
reinforcement and the brick along the center of the brick (Figure 2c).

Each brick was subjected to three-point bending, During the test, the applied load and
the crosshead deflection were measured and recorded. Delamination was also observed

visually.
2.1 Test results

The data obtained with the reinforced single bricks subjected to three-point bending
are shown in Figure 3.

40 -

O O O

— l<—-——%” delamination

(a) (b) ()

Figure 2 Single brick delamination test specimens: (a) Flush, (b) Initial delamination,
(¢) Staggered

1500
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&
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B e v o
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0 . ’
0.0 0.1 02

Detlection (in)

Figure 3 Load vs. deflection of single bricks reinforced with .composites (Ref. Figure
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The following observations may be made:

1) When the two half-bricks are aligned, that is, with no stagger (Figures 2a and b),
the load varies linearly with deflection until failure, The load-deflection curve for
the case with no delamination (Figure 2a) is practically identical to that for the
case with delamination (Figure 2b). Up to failure, no significant delamination, of
the reinforcement was observed in these two cases.

2) When the two half-bricks are staggered (Figure 2c), the load vs. deflection is
linear until the reinforcement begins to delaminate. Once the delamination begins
and the delamination area grows, the load varies with deflection in a nonlinear
manuner. It is noteworthy that the load carrying capability of the staggered bricks
is considerably lower than the non-staggered bricks. This is due to the fact that
delamination weakens the structure.

The aforementioned results indicate that delamination between the brick and the re-
inforcement is caused mostly by misalignment of the bricks. Once such misalignment
exists (which is likely to be the case in practice), the delamination grows and the load
carrying capacity decreases.

3. BEAM TESTS
To study the effect of composite reinforcement on the bending behavior of masonry

beams, beam bending tests were conducted.

Masonry beams constructed of fourteen bricks (Figure 4) were fully covered with rein-
forcement on one of the faces.

Beams of the following construction were tested:

1 - Unreinforced

| 2 - Reinforced with epoxy resin and woven fiberglass cloth
3 - Reinforced with epoxy resin and chopped-fiber fiberglass mat
4 - Reinforced with polyester resin and woven fiberglass cloth

3 - Reinforced with polyester resin and chopped-fiber fiberglass mat

Each beam was tested in four-point bending. Load was applied via two 1 inch steel
rollers, 14 inches apart. Between these two rollers, the beam is in pure bending, such
that shear is negligible and the bending moment is constant. The load was applied
by a mechanical tester under displacement control at a constant rate of 0.002 inches
per second. During the test, the applied force and crosshead deflection were monitored
and recorded and delamination was visually observed.

The moment in th"e"portibﬁ of the beam between the load points w?sd}xf;ed t;) lp;og\tr;ﬁe
i i i ndi rengths of beams of different le .
-malized basis for comparing the bending streng . difforen '
Znt;l;il moment vs. midpoint deflection curve obtained from t‘he E.ebts is shown in
Figure 4. A comparison of the average failure moments in shown in Figure 5. R

From the experimental results, the following observations may be made:
N C . )

1) The rein;?brced beams ‘were ablé to support inore' load than t.he uxcli.re;lnfor(;?
beams. Figure 5 shows that the beams reinforced w1‘th epoxy re.sm an Clct }(:;)tpthe
fiber mat were over 16 times stronger than t}'le; unreinforced bedr,;lls and ¢ ot the
weakest reinforced beams were still nearly 7 tnne_:s stron'ger.: tha_n_.t;_e unrélr; e
beams. The reinforced beams were able to SUStB:ln tens'xle loads in t1(11e rein 011; cing
sheets after the mortar joints had cracked, leading to increased load capacity.

2) The reinforced beams were also able to sustain load:l beyon;i1 the 'ﬁrslt? .fallzr:.
is d ; in the ductile behavior shown in Figure 4.
This damage tolerance can be seen in ; .
While the ugnreinforced beams failed suddenly and brlftt].y, 'the remforged bza.mst;li
demonstrated some ductility. During loading, del&mmatlox_l was (?bserve }m the
bending region. These delaminations serve as an energy dissipation mechanis

and cause the observed ductility.

15000 Brick Mortar -

2

1]
& 00 i .
o L o -
b=l 100 Reinforcement g ;
@ '
g Epoxy resin and chopped-fiber mat
= reinforcement

8 5000

¢

£ Unreinforced % Failure

O B M 1 2 ] O 0 25
0.00 0.05 0.10 0.15 0.2 .

Midpoint Deflection (i_n)

Figure 4 Load vs. deflection of a masonry beam reinforced with epoxy resin. and

chopped-fiber fiberglass mat, subjected to four-point bending
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ot
wn
T

Reinforcement

Normalized Moment
=

w

7

None Epoxy / Epoxy / Polyester/  Polyester /
Cloth Mat Cloth Mat

Reinforcement Type

Figure 5 A1;erage bending strength of reinforced masonry beams subjected to four-point
bending, normalized to unreinforced strength o

CONCLUSIONS

Thls' study was conducted to determine the feasibility of using composites to retrofit
un‘remforced masonry-gtructures. From thé data obtained from the experiments, it is
evident that composite retrofitting increases both the damage capacity and the da;nage
tolerance of masonry structures. The beam specimens were able to sustain loads beyond
first failure, demonstrating ductile behavior. ’

F?ur different reinforcement materials were tested to evaluate the differences between
different fiber configurations and resins. The polyester resin was rejectéd fc;r fur-
ther tests because of practical considerations and the cloth did not provide sxifﬁcieﬂt
strength. Further experiments will be conducted with the epoxy-mat combirlz;ti()n
because of its supel::ipr engineering qualities and for economic considerations.

There appear to be many possibilities of applying composite materials to the reinforce-
ment of masonry. Further studies must be performed to determine other factors such
as the environmental éffects on fiberglass. These tests are currently being conducted
aJt.Sta,nford University as part of this ongoing research. Analytical methods are also
being developed to aid in the investigation of this promising technology. ‘
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1, INTRODUCTION

The failure of a fastener can be caused by rupture of steel, anchor pullout or giving a suffi-
ciently high steel capacity by a concrete cone failure. These failure modes have been investi-
gated intensively and the associated failure loads can be calculated with known equations [1,

2].

For the failure mode splitting there is no satisfactory, general equation to calculate the failure
load. Splitting of the concrete member can be expected if the member dimensions are small.
The splitting failure load depends on the dimensions of the concrete member, the material
properties, the installation parameters and above all on the splitting forces of the fastener. For
this reason the transformation of the tension force into splitting force-has to be considered for
the determination of the splitting failure load.

Therefore, the influencing factors on the splitting forces of fastenings with mechanical interlock
(e.g. headed studs and undercut anchors) are experimentally studied. The results are evaluated

and discussed. ‘

2, LITERATURE

The main influencing factor on the ratio of splitting and tension forces (Rsprr) of headed studs
and undercut anchors is the load bearing area, which is calculated with the width of shoulder
and the bolt diameter. The ratio Rprr should be described with the pressure, which is the ef-
fective concrete stress on the shoulder. The pressure is calculated as the tension force divided

by the load bearing area. Furthermore, the ratio Reprr is influenced by the angle of cone o
(Fig. 1a). S

In the literature only a few investigations into the ratio Repr have been found. According to
theoretical investigations in [3] a ratio Rsprr= 0,25 can be assumed. Based on only 4 tests with
undercut anchors a ratio Repr=0,35 [4] was found. In [5] the lateral blow out. failure of
headed studs near to a free edge was investigated. According to this investigation a ratio
Repr= 0,2 for low pressure (p ~ 4 N/mm?) and Reprr= 0,4 for high pressure (p ~ 15 N/mm?)
was recommended. : :

3. TESTS

3.1 Test program

More than 150 tests with headed studs and different sizes of 3 types of undercut anchors have
been carried out (Fig. 1). :
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The bolt diameter was varied from 8 to 16 mm and the width of the shoulder (as) from 0.5 to

8 mim, which means a variation of the load bearing area from 12 to 564 mmn’, Furthermore, the -
angle of cone was varied (o = 15°, 45° and 90°). With each version at least 5 tests were made. -7 ueapen sTUD
m d=16 mm, a=90" -
O xl VERSIONf:a=3mm 5 ~~ 1
O | VERsION2:a=Bmm .
. l . o ;z; 1 / R
lo . o : i . . peb—t——1
. - * Splitting force B ¥ 20D @ ¥ ) 1]
== o0 © © PRESTRESSING. FORCE [kN)’
steel_: T
plate ot C
S . & ol ‘ 1
TYPE 1 . TYREZ. . . TYPE3 B | d - £ — T —
: T . . ] R rorery ) . . ; 1 ' ] : ; ' ; 1 : | !
A - T T
Conorete| | Tension PRESTRESSING FORCE [kN] .
. 3 - cube B iforce 'g“ - _ 3
) o o B 1 E 1
a) Headed stud b) Undercut anchors o == % .
. . Q
. Co o o ‘ ' 3 — 2
Fig. 1. Applied fasteners . — , % v v v J . ey
g 1.Applied fe fotes Splitting force % . ,ﬂré‘““”"’} NS ; |
- R . & % W "
3.2 Test setup PRESTRESSING FORCE [kN]

For the 1eah7auon of the tests a speolal test setup was used (Fig. 2). After installing the fas-
tener, the application of the prestressing load started and the resulting splitting force was
measured by a servo-hydraulic machine. During the test the crack width was kept constant.

)

Fig. 3 Typical fest results Splitting  force,

g, hematic test sety,
Flg 2 5 i Ratio- Rspr ond displacement as a

4. TEST RESULTS C
o . . , o , function of prestressing force o
In Fig. 3 typical test results for headed studs (d = 16 mm, o = 90°, a,= 3 or 8 mm) are shown, ‘
Fig. 3a) indicates the splitting force as a function of the prestressing force. With increasing 0,6 ' : .
prestressing force the splitting force increases. In Fig. 3b) is shown that for a prestressing force s 0.5 ' : || osingle value
2 10 kN the ratio Rep/r is roughly constant. From these curves, the ratio Rspr are evaluated for, ! : . B mean value ]
a prestressing force equal to 30 % of the yield force. A smaller load bearing area produces E 0,4
larger displacements (Fig. 3¢). For undercut anchors similar tendencies were observed. &
S . - , 1 , _ o 03
Toinvestigate  the influence of the cone angle, test series with constant values of the bolt di- - % 0
ameter (12 mm) and width of shoulder (8 mm) were carried out. For an angle of cone 45°and x 0,2 ° g 3
90°.the results are similar. For an angle of cone of 15° approximately 20% higher splitting 0.1 éﬂ
forces were measured (Fig. 4). This confirms with results from [5, 6]. For an angle of cone !
o < 20° the splitting forces increase with decreasing angle. ) 0

The investigations have shown that the splitting forces depend mainly on the splitting: Jarea 0 10 20 30 40 50 60 70 80 0 100
(Fig. 5). With higher pressure the splitting forces increase. Up to a pressure of 300 N/mm?® the Angle of cone o [ °]

influence is not so strong. For a pressure higher than 300 N/mm?’, which corresponds to a ratio

pressure/concrete compressive strength of roughly 10, the concrete is pulvenzed and a quasi-

hydrostatic state.of stress distribution arises, Therefore for p 2 300 N/mm?” the ratio Rgp/y in=-
creases significantly (Fig. 6).

Fig. 4 RatioRspras a Sunction ofangle of cone o, Headed studs (d = 12 mm, a; =8 mim)
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Fig. 5 Ratio Rspr as a function of the load bearing area, Headed studs (d =& -16 mm,
a = 90°f, = 35,6 Nimm’) _
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Fig. 6 Ratio Rspyr as a function of the pressure, Headed studs (d=8-16 mm,

a = 90%, = 35,6 N/mm’)
5, CONCLUSIONS

In order to find a general equation to describe the splitting failure load of headed studs and
undercut anchors the transformation of tension force into splitting forces have to be consid-
ered. In several tests with headed studs and undercut anchors the influencing factors on the
ratio of splitting to tension force Repr were investigated. e

The ratio Reprr _mainly depends on the size of load bearing area or the pressure under the head
respectively. For angles of cone o < 20° the splitting forces increase with decreasing angle.
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L INTRODUKTION

The importance of bonded anchors is increasing because of the low costs of these
anchors and the possibility of various applications.

A design model for torque controled expansion and undercut anchors is available, but
not for bonded anchors. Our aim is to find a desing model for bonded anchors.

The behavior of single anchors away from edges is studied by Cook [I]. The load
bearing behavior of group fastenings is investigated by the IWB. Single anchors at the
edge and the corner of the element are tested by the Imperial College in London, The
present article deals with the tests of the IWB and the Imperial College.

., 2. BONDED ANCHORS

A bonded anchor system consists of a threaded rod, washer, hexagon nut and a resin
mortar. There are two types of bonded anchors: capsule type anchors and injection type
anchors.

The typical capsule-type anchor consists of a cylindrical glass ampule containing an
uncured polymeric compound and an accelerator or catalyst in isolated form. After
inserting the cartridge in the drilling hole the threaded rod is driven into the required
depth with the aid of a hammer drill applying percussive/rotary movements.

For resin based injection anchors plastic cartridges containing premeasured amounts of
resin and hardener allow for controlling the mixing of polymer compounds. These
compounds are normally mixed through a special mixing nozzle. The mixed mortar has
to be injected before pushing the threaded rod into the drilling hole,

After drilling the holes must be cleaned carefully, because in uncleaned drilling holes
the dust remaines in the area between the mortar and the concrete. This causes an
unfavorable load bearing behavior of bonded anchors due to less bond.

The anchors can be loaded after the curing time (appr.~ 30 min. at 20°C).

3. LOADBEARING AND FAILURE OF BONDED ANCHORS

Under tensil loading a bonded anchor exhibts approximately elastic behavior close to
the maximum load. Normally they fail by pullout (Fig. 1a). The fracture area is between
the mortar and the concrete or beetween the mortar and the anchor rod. In the case of a
short embedment depth (hef < 4 dyom) there occures concrete cone failure (Fig. 1b).
With increasing of the embedment depth the bonded anchors fail by a combined
concrete cone and pullout failure (Fig. 1c). When the embedment depth is great enough
ther <10 dyom), there will be steel failure (Fig. 1d).

4. TESTS WITH BONDED ANCHORS

Tables I and 2 give an overview of the tests are made at the IWB. The test programm of’
the Imperial College in London is shown in the Tables 3 and 4.

Till April 1996 there were done 138 centric tension tests with quadruple fastenings and
15 tests with double fastenings at the IWB. To compare the test results, 40 single
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anchors were tested too. 79 tests with bonded amchors near the edge and 23 tests near,
the corner were carried out in the Imperial College.

*Nu é;““

b) Concrete cone Jailure

a) Bond failure
* Ny g * Ny
rwé—‘ﬁ,
¢) . Concreté cone failure combined d) Steel fuilure

with bond failure

Fig. 1 Failure modes of single bonded anchors far away from the edge

@ | hyl | hyg number of tests: ¢/hy @ | hel | hg number of tests: s/hy
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5
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The fcsts, which were done at thie Tmperial College [3] to check:thé:inﬂuence of the
edge and the corner effects are shown in Fig. 2. The failure load was calculated
according CC-method (Eq. (1)) [4). 5

In Fig. 3 the results of the tests at the IWB [2] are shown over the relationship between
the spacing and the embedment depth. Furthermore, the calculated failure load
according to Eq. (1) [4] and the pullout failure load according Eq. (2) can be seen.

Nu = Acn /AN * N « o (1) Nup = /NG, )
with:  N§ = 135.79° .plP with: N3, = 7 +medp=hg
.. - 2 .
. Ang = (s +23 Ner) Y on = number of anchors
Ac,N = Qo th :
YsN = 0,3+07+¢/(1,5+hg)

Fu [N]

220 : oI !

200 s et EPER hef=192mmj—1|

0 B T - — = —-~hef=144mm|
- /__,_-w" ------ hef = 96mm

BUPC-Lh T ~ — — ~hef = 48mm |-
. ———| A hef=192mm

2 B L el - 0 hef=14dmm|
o= 'l J £l hef=96 mm

100 s ? ) g”' """" & hef=48mm |

L) ==

0 : [ | | )
0 026 - 05 0,76 . T 1,26 1.5
¢/ hef [~]
Fig.2 Centric tension tests with bonded anchors M12: Influence of edge distance

hef=48196/1441 192 mm

5. MODIFIED CC-METHOD R

Assuming that in genreral the concrete cone model of metal anchors is correct and also
the equitation to calculate the influence of spacings is correct [4], it is possible to use
this model for bonded anchors too. The most anchors failed with a combined concrete
cone failur with bond failure like Fig. Ic. Only the embedment depth he is to modify
with a faktor o like it happens in Eq. (3). L .

Faktor « is unknown. It can be find for each test with the condition, that the relation
beetween the failure load of the test and the calculated failure load is about 1,00, If this
is done with all tests together of the Imperial Collage and of IWB [2,3], there can be
found the factor a = 0,73 with a standard devition of s = 0,24 and a coefficient of vari-
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ation v = 24,3 % (Fig. 5). In the case of tests with quadruple fastenings used an other
mortar than at the Imperial Collage and at the I'WB [5], there can be found the factor o
= 0,87 with a standard devition of s = 0,13 and a coefficient of variation v =11,5 %

(Fig. 6).

Nu= Aoy /Al NG+ oy )
with:  N§ = 1853 «(avhy)™® (Quadiuple anchorgroup faraway from the edge)
AcN = (s+3¢oshy) (Single anchor at the edge)
Acn =3vachg e (C+1 5 e hy)

o o from tests

AN =9+ (ahg)
PsN = 0,340,7 «c/ (1,5 hy)

350 T 500
{ R
O groups . e
300 O edge ',’ 400 - o
250 Cf”,c’ o 0,00
‘ = 300 ~S00
e, .
5 I,' B D D P
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o 100 e X=109 -
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V=243% . ‘ )
[ 0 .
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Fig.6  Comparision of measured and calculated
Jailure loads: test resulis from University
of Florida (¢ = 0,87)

Flig. 5 Comparision of measured and calculat-
ed failure loads: test results from IWB
and mperial College (o= 0,73)

Our next study will simulate the behavior of unconfined single bonded anchors and
quadruple fastenings with bonded anchors using the finite element method.

6. CONLUSIONS

A lot of tests were carried out with bonded anchors at the IWB and the Imperial Collcae
[2,3,5]. The load bearing behavior of these anchors, which are fail with a concrete cone
failure or a combined concrete cone failure with bond failure, seems to be similar to
that predicted by the modified CC-method.

Factor a, wich is needed to consider hef, seems to depend on the type of mortar and the
embedmenth depth. Further tests are needed to study the influence of the concrete
strength, the type of mortar and the embedment depth on the behavior of anchor groups,

Numerical simulations should be carried out to clarify the failure mechnanism of simple
anchors and anchor groups.
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To find a more accurate formula for the relation between the strengths we should involve
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other material parameters beside the compressive strength.

SAFETY OF REINFORCED CONCRETE STRUCTURES AS A
FUNCTION OF CONCRETE STRENGTH

Zoltdn Orbdn '
Technical University of Budapest, Department of Reinforced Concrete Structures

H-1521 Budapest

1. INTRODUCTION

Construction industry nowadays places more and more demand on the material
properties of concrete and by that the importance of tensile strength has also increased.
As an example tensile strength of concrete became an important material parameter in
airport and roadway paving applications as well as in industrial concrete floors, building
floors or roof decks where flexural failure is more probable than failure in compression.
Tensile strength was long considered inferior and negligible compared to compressive

strength.

Current researches prove, however, that the significance of tensile strength in structure
resistance is equal or even higher than that of compressive strength.

Tn most cases the variability or relative uncertainty in tensile strength mfluences structural
safety more unfavourably than that in compressive strength.

Tensile strength is usually derived from the compressive strength of concrete but this
relation shows a great uncertainty.

This study first deals with the reasons of uncertainty and then there is a brief summary on
what we mean by safety and how we can calculate it. In the second part an example
shows the effects of the above mentioned strength properties on the safety level of a
reinforced concrete beam.

2. UNCERTAINTY IN TENSILE STRENGTH

Origin and determination of tensile strength is a major argument point. Standards derive
the tensile strength exclusively from the compressive strength based on different
empirical relations that are mainly regression curves fitted to experimental results. These
usually are in the form of f, =a- £, where f,is the tensile strength, £, is the compressive
strength of concrete, @ and k are constants. They also show big variance in the
determination of tensile strength especially for the high strength concrete (Fig.1). This is
not merely the result of varying cautiousness of standard makers but it also comes from
the fact that at the different experiments the conditions influencing the strength
propetties of concrete are usually not the same.

As we all know the strength of concrete depends on several parameters and many of
these have different effect on tensile and compressive strength. Therefore it is not
possible to find a general relation between the tensile and compressive strength.

P ‘ / 4.00 :
Py -
s 1.50 /‘ 7 / ........ = ! ! ,
& ] / —O—Hungary (452) & 2,00 ot
1.00 %~ —o—ec2z |
P A L 1.00
Cop T L
0.00 e e et T S 0.00 i } ! i
YL 2 KRB8YLRBS e ©® g8 8 8 8 8
concrete grade {(C) concrete grade (C) "

a) for normal strength concrete b) for high strength concrete

Fig.1  The characteristic values of concrete tensile strength (fic) versus
concrete grade according to different standards

3. SAFETY OF STRUCTURES

3.1 Definition of safety

The relative uncertainty of parameters involved in structural analysis and design is an
important factor influencing structural safety. The reliability of a structure is defined as

the complement of the probability of failure and represents the probability that the

structure will not fail.

Reliability = 1-p;, where p; is the probability of failure.
Tn other words reliability refers to the probability that the structural loads do not exceed

the structure's ability to resist them. »
The safety is satisfactory if prob[R—S=Z20]21-ps, where pps is the acceptable

probability of failure, Z is the safety margin or failure function, R is the resistance and S'is

the load effect, Both § and R are treated as random variables. Failure occurs if’ Z is less

than or equal to zero.

Structural safety can be conveniently measured with the so called safety index (B) as

B= 2z in which Z and o, refer to the mean value and the relative standard deviation of

o, ) ‘ '
Z, respectively. This measure is directly related to the probability -of failure (Fig.2).
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standard deviation of concrete compressive- and tensile strengths on the safety level of
the beam.

As we can see, the safety index () and the probability of failure (pp are significantly
dependent on the relative standard deviation of the tensile strength in the case of
analysing the safety for cracking (Fig.3/b). It is important to observe that the safety
cannot be improved significantly by increasing the mean value of tensile strength if*- there
is a great relative uncertainty in it. There is a definitely less dependence in the case of
N analysing ultimate flexural capacity in which the resistance is determined by the
x z 3 R R.S,Z compressive strength of concrete (Fig.3/a). - ' -
oz ,‘ . N
Fig: 2 Geometrical representation of safety index B 2% e VA ﬁ"“/
3.2 Calculation of safety / / i
o, 150 P }
The theory of reliability has developed rapidly in the last decades. Several probabilistic 100 / / ........ ::Zz .
methods have been worked out in order to calculate the safety level of structures. These V02
include methods like exact methods, first-order r’eliabilf_iy methods (FORM), second - Rl s S B IR,
order reliability methods (SORM) and point estimation methods. Due to the difficulties in 0.00 ) ; ' :
using the above mentioned methods the distribution of random variables are usually 0w ::n(MP:S 6 70 200t f.m(MPa)
assumed to be normal or close to normal in order to simplify the calculation.
However, if the number of factors is extremely large or they show significant difference @) R = Resistance Moment bR= C’“""”’S M-"?”.e"‘
to the normal distribution or the analytical method is impossible to use for some other Fig. 3 The compressive and tensile strength of concrete versus [3
reason it is the Monte-Carlo simulation that can be used effectively. In this method a using different coefficients of variation
random number generator is used to generate individual simulations. Disadvantage of the .
method that numerical complications arise when the probability of failure is relatively 5 SUMMARY AND CONCLUSIONS
small. : .
The study provides an example how unfavourably can the high relative standard
4, RESULTS OF THE ANALYSIS deviation of tensile strength influence the structural safety of a reinforced concrete beam.
a In reinforced concrete structures the structural resistance often depends on the tensile
In the analysis the structural safety dependence on the strength properties of concrete is strength of concrete significantly, and in many cases linearly. Contrary to that,
shown using a reinforced concrete beam as an example. Two types of failure have been compressive strength generally has not such a big effect on resistance except the cases of
examined. In the first case the resistance(R) is the resistance moment of the beam's cross elements under compression, In addition considering that the method to derive tensile
section and is determined by the compressive strength of the concrete(f). In the second strength from compressive strength encompasses major uncertainty (see Chapter 2) it is
case R is the cracking moment of the cross section and is determined.by .the tensile obvious that there is a contradiction in using exclusively compressive strength in the
strength(f)). determination of tensile strength.
Both the material and geometrical parameters as well as the load effect were treated as Three possible ways of solution:
random variables. For the relative standard deviations of the parameters the current CEB 1. Using the existing formulas, but considering their uncertainties. -
assumptions were used. The probability distribution functions for all parameters were 2. To create more accurate formula for the relation between tensile-and compressive
assumed to bQ normal.ﬁT{heme:an value and the relative standard deviation were fixed in strength by involving other parameters which have effect on strength properties.
each parameter except in the strength parameters of concrete. : 3. In cases when importance of tensile strength.is particularly large it is necessary to -
, i determine it directly by test (splitting test, bending test, pure tensile test, etc.). -
For the sake of simplicity it is assumed that the probability of failure in the structure is .
equal to the probability of failure i the cross section. Monte-Carlo simulation was used 3 A designer shiould always be aware of the effect of all parameters involved - and their
fot calculation. - I . A . relative uncertainty on the structural safety. In cases ‘when the examined parameter has
Figure 3 and Figure 4 show the effect of changes in thé mean value and the relative - major impact on the safety level it requires special attention to determine its value with

the least possible uncertainty.
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LOCAL SHRINKAGE AND TEMPERATURE
GRADIENTS IN REINFORCED SURFACE LAYERS
OF CONCRETE STRUCTURES

Dipl.-Ing. S. Kranz
Universitit (TH) Karlsruhe, Institut fir Massivbau und Baustofftechnologie

D-76128 Karlsruhe :

1. INTRODUCTION

Concrete structures which are reinforced near the surface are damaged by
shrinkage of the concrete surface layers, especially under the influence of wind
action and high local temperature gradients.

The latter are of importance, if long-term warming of concrete structures is
followed by quick cooling together with the influence of moisture, as can happen
e.g. after storms with wind and rain. In addition to these defects, stresses in
concrete structures are created if they are strengthened by the addition of a top
layer of new-cast concrete. These stresses must be transmitted between new and
old concrete.

This project will explore, to what extent damage through shrinkage of the surface
layers and locally high temperature gradients can be expected in these layers due
to inclined principal tension stresses, as well as the degree at which such stresses
can be mechanically influenced by reinforcement.

2. CALCULATION OF TEMPERATURE AND MOISTURE FIELD

As a first step a finite element programme was developed, which allows the
numerical solution of the coupled temperature and moisture transport problems.
The knowledge of the moisture distribution allows the calculation of shrinkage
and swelling due to changes of the moisture content. By means of the coupled
calculation it is (among others) also possible to consider the cooling of a
surface, resulting from the evaporation of water from the surface. The programme
further considered the possibility of the calculation of the process of hydration
depending on actual temperature. The last-named point in particular is necessary
for determining the chronological development of the material characteristics of
concrete depending on the degree of hydration. -
The temperature distribution is calculated according to the Fourier equation.
The consideration of the temperature-dependent process of hydration was done
according to the formulation of Laube [6]. '

For the calculation of the moisture field the formulation of the so-called moisture
potential according to Kiessl [5] is used. To describe the mechanism of moisture
flow in multilayer structure elements, Kiessl derived a relation between the water
content u of a material and the corresponding "moisture potential” @. Fig. 1
shows this relationship schematically with an example for concrete.

The system of these differential equations which have to be solved, sounds:

co -9 — VT (ko - VI) = Qo + [V7 (k] - V) -—cg’di)] (1.1)
cs - &=V (b - V) = Qo + [V7 (k3 - V9) — cf 4] (1.2)
63 . Aieri e




. . capillary
diffusion ‘ mass transfer

u=t@f [u=fln L::;f(r)g
T q)=1(r) T

-
<

R Ug v

A u A

B 100 S

AL m g

= ke

- limestone

g aggregate

= u s

8 : ® | ]d \d |

I sand and grave

g - Ug ) s> aggroggte

® ol A .
0 02 04 06 08 10 1.2 14

moisture potential & [-]

Fig. 1 Definition of the moisture potential according to Kiessl [5] on the basis of
the sorptionisotherm and the integral pore-size-distribution

Equation (1.1) describes the heat conduction, equation (1.2) the moisture flow.
The term @y contains among others the heat produced by hydration. The
bracketed term of equation (1.1) describes the influence of moisture on the heat
conduction (e.g. evaporation). The coefficients cg and ke of equation (1.2) contain
the contributions from diffusion process and capillary mass transport respectively.
The influence of the temperature on the diffusion process is considered in the
bracketed term of equation (1.2).

3. NUMERICAL MODEL FOR STRESS CALCULATIONS |

After calculating the distribution of temperature, moisture content and the degree
of hydration within the structure at different time points, their consequences on
the structure can be calculated in the following stress analysis.

The. rheological model to describe the material properties is composed of three
elements in numerical order (Fig. 2): (1) an element, which describes cracking
of concrete under tensile. stress, (2) a visco-elastic element for the description of
elasticity and creep, as well as (3) an element for the description of strains due to
shrinkage and thermal dilatation.

The central element of the material model is the mathematical description of the
visco-elastic behavior of concrete. Alongside the elastic behavior creep has also to
be considered in the stress calculation. Creep.as part of the model is described by
means of a compliance-function. Here the double power law is used according to
Bajant [1], with an extension for young concrete developed by. Emborg [4].

To jescx‘ibe cracking a smeared crack-model according to de Borst/Nauta [3] is
used.
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Fig. 2 Rheological model to describe the deformation of concrete under tensile
load (according to [1])

The last clement describes the strains due to temperature and/or shrinkage
and swelling due to the changes of the moisture content. Shrinkage, which is
understood as a strain resulting from the drying process; is considered to be
a function of the moisture potential ®. Within the calculation, it is described

incrementally: *

- du ’
A§3:R~Au:n-a&;-A® . (2.1)
in which  is an (incremental) shrinkage coefficient and du /d® is the first derivative
of the moisture potential curve. The influence of the concrete composition is
reflected both in the course of the moisture potential curve, as well as in the

coefficient .
4. ACCOMPLISHED EXPERIMENTS

To be able to perform an investigation of the problems presented above, the
material model had to be checked by means of experiments.

Noui-linear moisture gradients in concrete structures lead to a deformation gradient
in the plane of the cross-section. Its linear part causes elongation and deflection,
which lead to stresses if the structure is restrained by other stuctures or supports.
Du¢ to the condition that the cross-section has to remair plain, the non-linear
pait of the deformation is prevented and leads to residual stresses. :

In a first scries of tests shrinkage deformations due to the drying process were
determined. The start of drying was at ‘a concrete age of 1 day. For all test series
a concrete of quality B35 (according to German standard) with a water-cement-
ratio of 0.60 was used. At the end of a certain drying time the thermal expansion
coeficient and the tensile strength were determined. : ‘

In addition to the tests described above, further investigation for the estimation
of the order of diffusivity was accomplished by means of separately manufactured

specimens. -
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Fig. 3 and 4 show the results obtained from the tests on the history of drying and
shrinkage. The numerical results are presented too.
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Fig. 4 measured and calculated shrinkage strains

In the second series of tests the development of stress was determined, by
restraining the deformation due to shrinkage. For this the principle of a cracking
frame was chosen allowing continuous measurement of stress development [2].
Three similar cracking frames were constructed with dimensions ensuring that 70-
75% of the expected deformation could be prevented. The proportion of shrinkage
deformation not prevented was also measured using 3 separate control specimens.
The difference between the two deformation measurements corresponds to the
deformation of the concrete, which causes stress. .

The temperature measurement which was done in addition, showed a cooling of
the specimens of about 3°C within the first 12 hours after the start of drying.
This was due to evaporation of water from the surface. '
The measured deformation-history of the specimens and the development of the
stresses are presented in Fig. 5 and 6. The results calculated were recorded for
purposes of comparison.

By combining the measured stress and the equal pomt in time of the measured
concrete strain in one diagram and doing that for all time points measured, one
obtains a ”stress-strain-relation”, which also shows the influence of creep. To
‘elucidate this influence, the determined stress-strain-curves, which were obtained
by direct tensile tests at the age of 28 and 56 days respectively, are presented in
Fig. 7. As Fig. 7 shows, the calculated curve correlates well with the test results.
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5. STRESS CALCULATIONS IN PROGRESS

On the basis of the influences outlined and the comprehensively presented
material model initial precalculations for determining the demands of additionally
strengthened cross-sections with reinforcement were carried out. A concrete slab
with an additional concrete layer-was simulated by means of FE-technology. The
"old” concrete slab had a thickness of 20 cm and the additional concrete top layer
was 5 cm thick. - o

In a first calculation the temperature distribution ¥(x,t) resulting from the
process of hydration of the young concrete and the moisture distribution ®(x,1)
from the drying-process were determined. For simplification the non-stationary
temperature and-moisture movement was considered one-dimensional over the
whole cross-section.

As a basis for caleulation, the following procedure was undertaken: The concrete
top layer was cured for 1 day and afterwards allowed to cool and dry unhindered.
The environmental conditions had a temperature of 20°C and a relative humidity
of 78%, similar to average European conditions. The existing slab, which was
already several years old, therefore had the same pre-requisites. The slab was not
wetted before the casting of the young concrete. The initial temperature of the
top layer was measured at ¥ = 20°C and the initial moisture content at ¢ =1.0.
For the calculation of the moisture transport, the transport coefficients and the
moisture potential curve were taken from the work of Kiessl. '

Fig. 8 represents the temperature disfribution resulting from the process of
hydration within the top layer for different points in time. Fig. 9 shows the
calculated distribution of the moisture content and the volumetric water content
over the whole cross-section for different points in time.
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In the following stress analysis the calculated state-variables "temperature” and
" moisture potential”were procured in each element for the determination of the
respective deformations. The material parameters of the young concrete could be
set depending on the degree of hydration, which was determined in the prior
calculation. For this the correlations published by Laube [6] were used.

Fig. 10 shows the calculated stress distribution over the, entire cross-section af
different points in time. Beside the non-linearity of the stress distribution of the
top layer, the development of the crack depth is clear to see. Reinforcement was
not considered in these first precalculations. This leads to the next stage of the
project, and entails variation of several parameters. :
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Fig. 10 stress distribution over the whole cross-sectii‘iﬁ'&%ﬁ different time points

7. CONCLUSIONS

First of all, a finite element programme was developed, allowing the calculation
of the coupled heat and moisture movements. Further, a model for the non-linear
calculation of the resulting stresses was presented. With the help of experiments,
the necessary input parameters for the realistic description of shrinkage and creep
were determined. By means of an initial precalcultion mathematical results could
be obtained, which reflect the essential effects of the system explored. '

In the next stage of the project a parameter study will be carried out, in which
the essential influencing parameters will be varied systematically, to develope
guidelines in the choice of a suitable reinforcement for additional top layers of

concrete.
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1. INTRODUCTION
Mechanical behaviour of non-metallic (FRP) reinforcements (made of carbon, Aramid or
glass fibers) is different from that of steel reinforcements. Modelling, design and

application of non-metallic reinforcements requires special concern [1].

These materials are generally used for prestressing of structural elements owing to their
high strength. Non-prestressed applications are also possible. :

Non-metallic reinforcements are composites made of two components:

1. parallel 5 to 20 mm diameter high strength fibers
2. embedded into epoxy or polyester resin.

2. DISCUSSION

Strength and modulus of elasticity of the matrix are much less, however, strain at failure
of the matrix is much higher than those of the ﬁbers.t Nevertheless, the bahaviour of the
composites is governed by the behaviour of the fibers themselves.

Available test results generally reflect the behaviour of fibers and reinforcing elementé

However, some tests have been already carried out on structural elements as well.
2.1 Advantages
Non-metallic reinforcements provide the following advantag'é"s: [2]:

- non-susceptibility to electrolytic corrosion
- high strength
(high strength to weight ratio)
- high fatigue strength
- lightness
(easy to handle)
- non-magnetic conductivity
- low relaxation

2.2 Disadvantages

Following disadvantages of non-metallic reinforcements should be considered as ‘el

2}
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- high price

- brittle type failure

- low strain at failure

- low transverse strength )
- low modulus of elasticity (for some of them)
- need for special anchoring element

3. APPLICATIONS

Application of non-metallic prestressing reinforcement is still rather l.imited. Main reason
is their high price. There have been already a bridge constructed in Canada over the
Assiniboine River, in Minatoba [3] totally reinforced by FRP reinforcements. Bo_th the
prestressing cables and the stirrups were made of carbon fibers. The bridge_ consists of
five spans, 32.5 meters each, covering a total length of 165 1 m. All the bridge gtrdlers
are precast pretensioned and simply supported. The bridge girders havg an I section
transversely spaced at 1.8 m and supporting 187 mm thickness deck slab (Fig.1)
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| e L o
P ys gy pepege ey T t ----------
.!"b 7150
i 1800 32500

—_ — s
L - ~—v] = j .
16 strands
178
,___\) c.g.s. of . K
40 strands d: - 24 strands
660

Sec.(a-a) Sec.(b-b)

Fig.1 Pretensibned concrete bridge girders totally reinforced by FRP reinforcements
(Assiniboine River, Minatoba, Canada) [3]

Another large field of application is the retrofitting of structures using carbon fiber strips.

4. CONCLUSIONS

From point of view of corrosion, static and fatigue strengths, weight, non-magnetic
conductivity and low relaxation, non-metallic reinforcements are very promising.

Some disadvantages like high price, brittle type failure, low transverse strength and need
for special anchoring elements are to be overcome.
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1. INTRODUCTION

The main attribute of tent structures is the negligibly small bending stiffness. That 1s why
tents are perfect applications for the membrane shell theory. Critical load of shells is in
connection with the bending stiffness, thus, critical compressive stress at tents -is also
negligibly small. If compressive stress should rise, the tent becomes wrinkled and
performs as a rule, greater displacements than permitted at engineering structures. That
means, compressive stress must not rise on any place of the tent under any load cases.
That can only be achieved with prestressing the canvas. There are two possibilities for

prestressing tents. The one is a stretch along the borders, the other operates with internal

pressure of air or sometimes of liquid. My research deals with stretched tents.

The behaviour of tent structures is somehow analogous to soap-films [4]. Putting a wxre '

frame into soap-solution and lifting it out, a membrane will stretch on the frame.
Ignoring the negligibly small dead-load the membrane can assumed as unloaded, that is,
its shape is determined by the action of uniform tensile surface stress. The membrane is in
a hydrostatic self stress state. The shape of the surface is called minimum-surface,
because the surface stress stretches the membrane onto the smallest surface area.

The analogy between tents and soap-films suggests a way for finding the optimum form:
of 2 tent where the task is to determine a shape that can be prestressed by uniform -

membrane tension: surfaces developing hydrostatic membrane self stress states are the
same as surfaces having the smallest surface area, that is, minimum-surfaces.

There are two varieties of membranes that exhibit stress states called hydrostatic stress

states, One is the "real membranes" when membrane. stresses themselves are hydrostatie,: .-

another when principal projected stresses are equal. Membranes exhibiting the latter state

of stress are called after the Hungarian professor, Jozsef Pelikan, "Pelikan membranes"
[3]. Pelikan's idea was that membrane stresses and reduced membrane stresses slightly -

differ from each other, if the slopes of the membrane are not too high, hence, surfaces
exhibiting hydrostatic reduced membrane self stresses may be. good approximations for
"real membranes”. Actually, in case of flat surfaces the difference between "Pelikan
membranes" and "real membranes" is small, but it becomes significant if the slope

increases. The main advantage of "Pelikin membranes" is that their shape is defined (as
shown in the sequels,) by a simple linear partial differential equation while that of real
membranes emerges as the solution of a rather complicated non-linear differential

equation.

The aim of the lecture is to show how Pelikan's idea can be used in determining optimum
shapes of tents as minimum-surfaces or "real membranes”. :
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2. PUCHER'S DIFFERENTIAL EQUATION FOR "PELIKAN MEMBRANES",
AND "REAL MEMBRANES"

The .equilibrium equations of-forces [2] acting on at a surface element cut from an
unlqaded membrane are two equations that are automatically met by membrane forces
obtained by a stress function Fand a third one, that is met if 7 meets Pucher's differential
equation: C

OE L0290 1, @

where z - equation of the shell-sutface,

F - Pucher's stress function.
In the equation (2.1) the derivatives of F mean the projections of membrane forces (also
called reduced forces): '

FE_ O PF &F _
gy ¥ oxdy Bay> G Ty

where n,, n, -tensile reduced forces,
n, - shearing reduced force.

Pucher's differential equation expresses the equilibrium of vertical components of forces

acting on at the surface element. Replacing the derivatives of F for the reduced forces it
takes the form: : :
0%z 9%z &’z

(22)

............. ‘n +2._.__. s =
& T Gy e I ay? ny =0,

Substituting the conditions of "Pelikin membranes" into equation (2.2), it becomes a
harmonic differential equation because no shearing reduced forces act: o

h'(z;o(+zyy)ﬁ0 , (2.3)

¥z dz . .
where z.; = peel Zyy = 5;5 , nis the principal reduced force.

Introducing the "real membrane" conditions into equation (2.2) yields the following
rather complicated differential equation for z:

N 2
S W— A B -2
1/1+zx2+zy2 (Zx ( > ) o

where z,, Zy,, Z,, Zy, Zy, a1¢ interpreted as before, V. is the principal membrane force.
Since the denominator of the first coefficient term cannot take zero value, this coefficient

can simply be dropped. Then after some algebraic manipulations the remaining equation

for the shape function of "real membranes" can take either the form:

~zx-zy+zyy'(l+zx2))=0 ,

2 2

Fryy T2 Ly By Ty~ Zy "Ly T Iy Iy s (2.4)

Z vy xy
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or by adding (zxx . zx2 +2Zyy zyz) to both sides of the equation, and then dividing them by

(_1-+ 2+ zyz) an alternative form with the same left-hand side:

2 2
o . . . - ez
202y 2y Zy T2y 2y T2y 2y 2.5)

+ 7, =

Zyy T Zyy 2 2
" I+z,"+z/

3. THE CONNECTION BETWEEN "REAL‘MEMBRANES“ AND MINIMUM-
SURFACES

A minimum surface stretched on a closed curve I' has to meet the conditional equation

A=[y1+2 42 dxdy=min!,

where A means the superficies, T'is the domain of integration bounded by T" and z1s the
function that describes the minimum surface in Cartesian co-ordinate system xyz and
bottom indices refer to partial derivativations. Function z is called the extreme of the
variational problem stated by the minimum condition. o

If zis the extreme of the variational problem, then its small variations do not affect the

extreme value of A, that is, producing the variation function by replacing (z+¢-dz) for z
the following equation must hold: o

7, Ozy+ 2y 02y

a 32 2
lim — \/1+(zx+s-bzx) +(z,+ & 0z,) .dxdy = || — === dxdy = 0.
s»Oagi{I ’ ’ J:f[ I+z 2,

Derivatives of 0z can be eliminated from the minimum condition "using partial
integration. After doing so, the integral takes the form

H (Zxx+zyy)-(1+zi+z§)-zx2.zxx—szyz.zyy—Q»zvay.ny (SzvdXd;:O‘
T \ﬁ:z§+z§ ' '

Taking equal to zero the expression closed by figure brackets one obtains the so called
Fuler-Lagrange's differential equation of the extreme. Since the denominator of the
fractional cannot be zero, it can be dropped out of the differential equation. The
remaining expression can be rearranged into the same form as (2.5), thus, extremes of

“the minimum surface problem also have to meet Pucher's differential equation for self

stressed "real membranes”, that is, the two problems define the same surface.
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4. DETERMINATION QF MINIMUM SURFACES AS "REAL MEMBRANES"
USING "PELIKAN MEMBRANE" SOLUTIONS '

Formally, equation (2.2) is a linear differential equation for z easy to solve numerically,
provided we know the reduced membrane forces. We may suppose that reduced
membrane forces approximately form a hydrostatic state of stress as in (2.3). By so
doing, we obtain the shape function of a "Pelikan membrane”. Then, assuming a
hydrostatic membrane state of stress on that membrane we can calculate a reduced
membrane stress distribution supposedly closer to that defined by a "real membrane” than
the hydrostatic reduced stress distribution.. Computing again the shape, function with the
modified reduced stress distribution we obtain a new shape, supposedly closer to the
shape of a "real membrane" than the "Pelikan membrane". Repeating this two steps may
give an iteration that produces the minimum surface. A disadvantage of this method is
the long running time because in every step a new coefficient matrix and its inverse has
to be computed.

The conditional differential equations (2.4) and (2.5) are non-linear equations. However,
the structure of these differential equations affords the way to use another iterations that
do not need a step by step reconstruction and inversion of the coefficient matrix, We
make use that lefi-hand sides of equations (2.4) and (2.5) are the same as that of (2.3),
and their non-zero right-hand sides can be interpreted as a fictitious load determined by a
formerly computed approximation for .

Surprisingly, iterations based on both formulas behaved basically differént. Iteration
based on (2.4) proved divergent but the iteration based on equation (2.5) was convergent
and produced in some steps a form close to that obtained by the extremely lengthy
surface minimization. The differences mainly were found along the borders. These could
also be moderated by applying there a higher order approximation formulas for the
numeric derivatives of z.

5. EXPERIENCES

The MATLAB was used for programming, First the minimum-surface stretched on the
membrane boundary was computed using approximate triangulation. The iteration
applied the optimisation toolbox of the MATLAB. It took -several hours to compute
rather small surfaces: using 4x9x9 triangulated elements and 81 degree of freedom the
running time was about 10 hours or more, depending on the shape of the edges. Then we
determined ‘the shape of the "real membrane” with the same borders. As mentioned
before, only the iteration based on (2.5) gave a good approximation to the form of the
"real membrane", and the maximum running time was below two minutes.

1. Example:

B e S-S U - bt T e

Inputs:
The measure of the matrix is 9%9; the distance between:two points in one direction is 1,

the edges are parabolic on two opposite sides and zero on the other two opposite sides.

Results;

area of the surface as a minimum-surface: 485.8129,
area of the surface as a "real membrane": 485.8279.

2. Example:

Inputs:
The measure of the matrix is 9%9, the distance between two points is 2, the edges are
parabolic on two opposite sides and parabolic on the opposite direction on the third side,

zero on the forth side.

Results: N
area of the surface as a minimum-surface: 1.6204%103,

area of the surface as a "real membrane”: 1.6205%103,

6. CONCLUSION

Numerous examples have shown that it is possible to construct a convergent iteration
that uses a series of modified "Pelikan membrane" solutions and determines minimum-
surfaces stretched on closed boundary curves as membranes with uniform hydrostatic
membrane self stress. A comparison of the results of this iteration and those computed
directly on the base of the geometric definition ‘of minimum surfaces has shown-very
good coincidences both in the area of the surfaces and the co-ordinates of the s;urface
points, Also a comparison was made between elapsed time that needed to determine the
same surface using the one and the other principles. That has shown that computational
time needed to solve the "real membrane" problem is less by magnitudes than that needed

to solve directly the minimum surface problem.
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1. INTRODUCTION

Long-span cable-stayed bridges are very sensitive to dynamic effects because of their
important flexibility, therefore they must be designed to withstand aerodynamic forces.
Prediction of the response to wind load of line-like structures is very difficult due to the
complexity of mathematical description of the atmospheric turbulence and the wind-
structure interaction. -

The turbulent wind brings the bridge into motion and its structural members - the deck,
the pylons and the cable-stays - behave differently due to their different shapes and
stiffnesses. A stochastic method has been used to determine the response of the structure
and most particularly the contribution of the different structural elements.

2. WIND MODEL
2.1. Vertical wind speed variation

The airflow near the ground surface is retarded by friction forces. This effect is diffused
by turbulent mixing throughout a region referred to as atmospheric boundary layer. The
depth of the boundary layer normally ranges from a few hundred meters to several
kilometres. The wind speed at the surface is zero and there is a continuous increase of
velocity from the ground to the gradient height. A number of laws defining the variation
of mean wind speed with height has been suggested, the most widely used are

o — In(z/z,) +
- the logarithmic profil U(z)=—+2-.U,, and
) g p” € (Z) In(10/z,) 10 06 2.1)
- the power law profile U(z)= (Tl%) U, (2.2)

where z is the height above the ground level, z; is the surface roughness length, « is a
.constant for a particular site and terrain and U, 1s the mean wind speed measured at

" height 10 m.
2.2. Decomposition of the wind spgéd
A three-dimensional flow will have three components in three mutually perpendicular

directions. In most flows of interest in wind engineering, the wind cari be represented as
.the sum of a horizontal mean vector and three orthogonal fluctuating components:

Ul [u(@
CU@)=1 0 |+] v(®) (2.3)
0] |w() ‘
the means of u, v and w being zero.
78 B e

2.3. Quasi-stationary process

In the power spectrum of atmospheric wind speeds a region of low energy extends over
a frequency range cenired on about 1 cycle per hour. For periods corresponding to this
frequency range the wind speed can be regarded as quasi-stationary. According 10
observations in the boundary layer, such wind speeds are suitable for estimating the wind
Joads on flexible structures. Consequently, for structural design the turbulent wind can be
described by a quasi-stationary randor process, that is, its statistical parameters, namely
the mean wind speed U/, the mean square of velocity fluctuations oy. &, o, and their
covariance functions R,(7), R,(7), R,(7) are independent of time. The meteorological
data used in the calculations consist of wind speed records measured in three directions at
high sample rate during about one hour near the site of the future construction. From
these records the mean wind speed, the mean square of fluctuations and other parameters
are estimated by dividing the time series into subranges and averaging the results
calculated on every subrange. A fast Fourier transform (FFT) is executed on the
measurements to obtain the power spectra S,(n), Sym). S, of the fluctuations by
adjusting an empirical function to the experimental data.

3. AERODYNAMIC FORCES

In most cases the wind loads on the structure are not directly known. The connection
between the wind speed and the aerodynamic forces acting on the cross-section of the
structure is taken into account by the steady aerodynamic coefficients 'y, €, and €,
The aerodynamic forces are then defined by the following equations: )

fo=epBUL-C(6)

f=tor.c(0) G.1)

| P B U-C,(0)

where f, is the drag force, f; is the lift and m, is the moment expressed in local
coordinates (Fig. 1), pis the density of air, B is the width of the cross-section and U/, is
the velocity component perpendicular to the spanwise direction.

S B3 1]

=

Fig. I Aerodynamic forces acting on the cross-section

Since in high winds the fluctuations are sufficiently small compared to the mean velocity,
higher degrees of u, v and w can be omitted. The steady coefficients are provided by
reduced section model tests in wind tunnels and are used in conjunction with the theory .
of stationary flows. When the angle of attack is small, they can be approximated at the
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first order. Afier a transformation into global coordinates the following equation can be
derived for the aerodynamic forces:

f=fraf = FO+ L) ulst)+ L) v(st)+ £ () w(st)  (3.2)
where f represents the steady wind load and the remaining terms stand for the dynamic
wind load.

4. DYNAMIC RESPONSE TO A STATIONARY RANDOM LOAD

As an experimental fact, it may be regarded that a continuously distributed elastic
structure with low damping, submitted to an excitation, will vibrate in resonance at
certain sharply-defined characteristic frequencies. Associated with each natural frequency
there will also be a modal form which is independent of the loads and represents
fundamental dynamic properties of the structure. By means of the set of modal forms any
general deflection of the structure can be expressed.

x(5,0)= 3 1, () %, (8) @.1)

where 14,(s) is the modal deflection and x,() is called the general coordinates of the
mode ¢. It can be shown (see [1], [2]) that if the damping ratio is small the general
coordinates can be approximated by the differential equation:

S (- K, %)
- . 2 —7Ja B
xq(t)+2v§q-(2mq)-xq(t)-k(27mq) x, (1) = ~ £
q

with &, the damping ratio, n, the natural frequency, m, the generalised mass and f, the
genera{ised force of the normal mode ¢. On the right-hand side of the equation the
negative force represents the damping effect due to the modification of the resultant
velocity by the structure's oscillation. This force, proportional to %(7), can be considered

after a transformation as the aerodynamic damping.
K
b ==t (43)
4-7-m,
Since K., is calculated by integration on the whole structure, the participation of the
different structural elements in the response is reflected in the aerodynamic damping.

(42)

The method, known as the spectral analysis, is used to solve the differential equation Eq.
4.2. by substituting the variables x,(?) and f,(1) with their spectral density function
obtained by Fourier transformation. This transformation implies a switching from the
time domain to frequency domain which leads to simple linear relations between the
exciting forces and the dynamic response. The differential equation takes the form

2
8., (1) :lHq(n)! 8, (7) (4.4)
with Hq(n) the mechanical admittance function (see [2], [4]), qu(n) and sz(n)

respectively the spectral density of the general coordinates and generalised forces. This
latter can be derived through the spectral density of fluctuations:
2
S, ()=, (| -5, () (4.5)

where Jq(n) the aerodynamic admittance represents an adjustment of the correlation of
various effects to preserve the validity of the above equation over the frequency range
being considered. The area under the spectral density function of the general coordinates
gives the mean square of the response (Fig. 2).

& = [, nydn= |5, @ -an+ |5, 00-an=(o2T +(c2)  @6)
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In this equation oqu is the quasi-static and ofq the dynamic part of the response.

5, CASE STUDY
5.1, Dynamic model

In a numerical example of a cable-stayed bridge, we will test the response of the structure
to the turbulent wind. In practice, the structure's model is often simplified to its deck for
dynamic analysis. We consider here the full dynamic model of the bridge examining
separately the contribution of the deck, pylons and cable-stays. The structure considered
here is the model of the Karkistensalmi Bridge in Finnland [3] during construction (Fig.
2). The most important vibrations due to turbulent wind are expected at the largest
cantilever length just before central closure.

W
=

Fig. 2 The Karkistensalmi bridge - construction phase

5.2. Analysis of the response

The first ten natural frequencies and mode shapes have been calculated by the finite
element program SYSTUS using beam elements and concentrated mass loads. The root
mean square (r.m.s.) of the generalised coordinates is computed using the program
VENTOSE [4] developed by the author, which also calculates the quasi-static and the
dynamic part of the response. In our example, we study three typical vibration modes:

- balancement of the deck,

- the bending of the pylon perpendicular to the longitudinal axis and

- the vertical bending of the deck.

 The natural frequencies and the r.m.s. values are given in Tab 1.

Mode Frequency | Direction | Quasi-static | Dynamic Total
u 0,0163 0,0218 0,0272
1 0,4037 v 0,0000 0,0000 0,0000
W 0,0019 0,0088 0,0090
u 0,0065 0,0065 0,0092
2 0,5524 v 0,0000 0,0000 0,0000
W 0,0001 0,0006 0,0006
u 0,0032 0,0084 0,0090
3 0,5625 v 0,0044 ~0,0046 0,0064
w 0,0213 0,0781 0,0810

Tab. 1 R.m.s. values of the generalised coordinates
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Values of oJf( reveal the importance of the structure's dynamic amplification. ¢%here -
reflects the quasi-static variations of the wind speed corresponding to the low turb:ﬂencei
It can be seen that the influence of the lateral fluctuation is small and it is mainly due to
the pylon's movement in Mode 3. The major part of the response is concentrated i
vertical bending modes of the deck, where the importance of the vertical fluctuation is
preponderant. The contribution of the deck, the pylon and. the cable-stays has been
analysed separately (Fig. 3). R '

& Cable-stays
il Pylon

 Deek

Mode 1 Mode 2

Fig. 3 Contribution of the structural members in the buffeting response

The increased participation of the cable-stays and the pylon in the hornzontal
balanpement (Mode 1 and 2) is clearly shown. However, in vertical bending modes with
growing natural frequencies the influence of the deck becomes dominant.

6. CONCLUSION

The dynamic response to turbulent wind of cable-stayed bridges has been examined,
using spectral analysis with quasi-stationary approach. Numerical analysis is conducted to
compare the participation of structural elements in the dynamic response with respect to
th_e differént vibration modes. According to computations, in the case of cable-stayed
bridges tho common way of modelling the structure by its deck alone can lead to
unl;ilerestlmatmn of the buffeting response because of the significant role of pyléﬁs and
cable-stays. :
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1. INTRODUCTION

Fiber reinforced plastics (composites) are widely used in the aerospace engineering for
decades. Popularity of composites is due to their good performance (1,2}

previous carries the load; the later protects
everal materials to form the fiber and the
graphite, aramid and metal; as a matrix
|. The most frequently used composites
er. We will. discuss these in the

Composites consisted of fibers and matrix. The
the fibers and keep them together. There are 8
mattix, for example the fibers can be made of glass,
we may use epoxy, polyesther, polyethelene or meta
are the graphite or glass fiber reinforced epoxy or polyest
following sections.

2. ADVANTAGES AND DRAWBACKS

all weight. Composifes have high tensile

The main advantage of composites is their sm
y high, while that of a

strength, The stiffness of a graphite/epoxy composite is relativel
glass/epoxy composite is small (F ig.1.)[1].

Density [gl.cm"] | - @

s N
Steel Al OGUEp Gri/bp ’g

Fig. I Main properties of composites

lso used in civil engineering. The main drawbacks in the

Recently composites are a i s
(in case. of glass) and the lack of experience and

application are the high price, low stiffness
standards.




3. APPLICATIONS

The most important applications are strengthening of existing structures, making non-
metallic prestressing tendons, and last but not least the application of composites as primary
load bearing structures [3,4,5,6]. In my presentation these load bearing structures will be
discussed.

Composites are competitive with steel if the weight of the structure plays an important role.
Urs Meier [3] showed that the maximum span of a cable-stayed bridge made out of steel is
4500 m, while that of a composite bridge is 14500 m. An other very important advantage of
composite bridges is their corrosion resistance.

Analysis and design of civil engineering structures made of composites is very challenging,
because of the new material characteristics new design aspects should be considered.

In my Ph.D. work composite pedestrian and bicycle bridges will be designed, analyzed and
hopefully manufactured. Because of the previously mentioned reasons special attention
should be paid on the design of connections, the possible vibration caused by the traffic and
the buckling of the elements taking the effect of shear deformations into account [7].

Due our very rough preliminary calculation the price of the super-structure of a small span
(1<10 m) composite bridge is competitive to the price of bridges made of conventional
materials (Fig. 2) [8].

40000
N
E
% B Wood
:i 20000 Reinforced C.
[
2 Steel
a. B Composite
Sm 0m 18 m
Span, m

Fig. 2 Specific price of the bridge super-stucture

4. CONCLUSION

Composites are excellent candidates for load bearing elements of civil engineering structures.
However attention must be paid because of the special characteristics of the material on the
design of joints, on the effect of vibration and on the possible buckling of the elements.
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Real load measurements are carried out on the highly loaded Brenner-Highway A13. The
datas were continuosly meassured and recorded. The Institute for Structural Engineerin-
eanalyses this datas und trays to develop a stochastic load model. In the following capter
the EC1-load model will be compared with the existing Austrian Code B4002.

REAL LOAD MEASUREMENTS ON BRIDGES |

Dipl. Ing. Johann BOGATH

University of Agricultury, Forestry and renewable natural resources
Institute for Structural Engineering e

Peter Jordanstrafle 82

A-1190 Vienna

4. COMPARISON EUROCODE 1-3 WITH AUSTRIAN CODE B4002

For this comparision a simple beam has been choosen and the relation of the bending
moments under the two load models are for different span length and carriagewidth
determined. This comparison is shown in Fig.2.

1. INTRODUCTION

Structural reliability analysis has a rapid growth expiered in the last years and now this
technology has reached a stage to implemet this basic research in design codes. In deter-
ministic structural design the designer looks to the margin condition which are fixed in

the code and in practice estimated values are compared with target values which are as 547 maxM -
well fixed in the code. The probabilistic design philosophy knows about the large uncer- 54 comparisionvalue = "InZTl\(i?Lf(L
tainties that exists in real situations and they were take into consideration in the codes, ?gn -
I
2. THE BRIDGE LOAD MODEL FOR ROAD TRAFFIC IN EUROCODE 1-3 g 16
, § 15
The Eurocode follows the probabilistic design philosophy in a wide range. The measure- , 3 1:92);
ments of traffic made in France, on the A6 motorhighway near Auxerre, are considered § o8
that this traffic corresponds to an ,,European* traffic. This recorded datas are extrapola- ’ §52:
ted by mathematical simulations and build the basis for modells in the Eurocode 1. 813:.
The load modell shown in Fig.] has a range of validity for the Ultimate Limit State 0.0 200
(ULS) ant the Serviceability Limit State (SLS). The Fatigue Live Assessment proof has ¢ .
ity own load model called FLM3. i 18 “‘“f;;rm )
i . ' . 8 33 T"a"m.tw 0 span length
cariage width [metet] 38 {meter]

Wheel comact arca

0.4 m l

Q| | Qi

Ol OF Oiin

Fig.2 Comparision ot the Eurocode with the austrian national design code B40U2

This comparision be shows, that the eurocode gives higer bending moments in the range
of small carriage with. The reason is the higer traffic load in the first fane of the eurocode
g load model with a distributed load with 9kN/m? and the axle load with 2x300kN. In the
eurocode it is planed to modify the load values by a-values (see Fig. 1) witch may be
Tandem 1 | .00 fixed in national‘ap}.ic'ati(,m docurr‘]cnts like' all b(’)xedlvalhuczs. ‘ . A
Am In orter to establish this a-values in the national application document further investinga-
tions are needed. For this purpose, the load measurements wil be analysed to evaluate

20,50 m i this reduction factors ., 0.
S . :
Tandem l 200 m 5, MEASURING DEVICE AND RECORDED DATA
; In the first lane of the Brenner-highway a measuring device built into the pavement. This
ke R installatione register axles wich passes the meassuring strip. In a first utilization this regi-
1.20 15 b y PR . . .
i . ' , ' stered axles are classified into vehicles and the vehicles themselves are classified into
Fig.] Description of Eurocode 1-3: load model | :fselve:if):}liicl:egl;u;s ed i the vehic ¢
' 86 . . &7
NN BLE L




For each registrated vehicle the folowing datas are recorded: |
e record time

distance betwen two vehicles

velocity of the vehicle

length of the vehicle

numbers of axles per vehicle

vehicle group

each axle load

total load of the vehicle

The vehicle classes are shown in Fig.3.

B &y = 2o P A
D oy o5 5 695555 ac2sm

2 @ij 25m<a<d4Sm
3 | Bl |

4 | Bl oo

s | B MG Mo B oMo oo

I
| ] -

7 | Blon ]

8 | 651 oo

9 | Biool

10| B oo)

11| Bhmooo

1 | B a>45m

13 | NO CLASSIFIKATION
Fig. 3 vehicle groups at the Brenner highway measuring device

6. FIRST EVALUATION OF THE MEASURED AXLE LOADS

In a first step of evaluating the measurements, the defective values are checked. In a
second step the measurements are devided into the vehicle groups (shown in Fig 3) and
the vehicle groups are further devided into groups with the same axle numbers. Then the
absolut density distribution will be analysed for the following values:

total load of an vehicle for each vehicle group

load from each axle of a vehicle for each vehicle group

velocity of the vehicle for each vehicle group

length of the vehicle for each vehicle group

88,

e total loads and axle loads for all vehicles
o velocity and length for all vehicles
¢ total loads and axle loads for the heavy vehicles (vehicle group from 2 to 12)

An example is shown in Fig. 4

00 density distribution of the total vehicle load
Brenner - Autobahn
4000 - vehicla group 1 (meassurements from 26.9.95 10 7,10.95)

quantity

Bustber of vehicles: 40964

total load (kN }

Fig. 4 density distribution of the total vehicle load - vehicle group 1
7. CONCLUSIONS

The Eurocode | is based on a traffic measured in Auxerre (France) in the year 1986. The
first evaluation of the measurements at the Brenner highway (1996) shows that the total
load of the vehicles are lower as the Auxerre meassurements and the total load is not nor-
mal distributed. In further investingations we will elaborate the different density distribu-
tions which are the basis for a stochastic load modell.
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1. INTRODUCTION

Near the turn of the millennium our individual transport is characterized by the
extension of motorization and the increasing number of car use. The increasing tendency
of traffic and its injurious effects also can be observed in Hungary. Therefore we have to
throw light on the possibility of the use of environmental-friendly traffic modes. We
would like to turn the atiention to the most important questions by overviewing the
different investigations and studies.

The present traffic situation is marked by the strong dominance of motorised private
transport. The consequences of this dominance for man, for the environment and for the
towns are 5o serious that at present many possibilities for reducing car traffic are under
consideration. In this connection, however, it is also necessary to examine the promotion
of each individual alternative traffic modes which could lead to the replacement of car
trips. This is at present in the focus of the attention in urban transport.

2. MODAL CHOICE

The different modes of private transport can be observed as

o pedestrian movements and

e vehicle movements: by private vehicle and by publtc transport.

Those modes of transportation which are not harmful to the urban life, like pedestrian,
bycicle and public transport traffic, are named environmental-friendly transportation.

The selection of transport modes by the population is permanently changing, and due to
the increasing number of private cars and the development of motorization it is turning to
the increased individual car use. For an average day of the years of the late seventies, the
modal choice of Hungarian inhabitants of urban areas are illustrated on Fig. 1 compared
to that of a German city. We note, that in the small domestic settlements and in the large
cities the dominant transport mode was the use of bicycle and of public transport,
respectively.

The environmental-friendly transportation is 82-88% of the urban transportation in that
period in Hungary. We can follow the tendecy of the development on Fig. 2, where the
actual modal splits are shown in different European settlements. The selection of
transport modes by the population of Western European and Hungarian survey territory
shows a sharp increase in the level of motorized individual traffic.
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Fig. 2 Modai choice in European settlements of different size
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3. MOBILITY

Mobility is described by the average daily number of journeys. Modal choice is one of the
most important indicators to characterize the structure of the mobility: it descibes the
distribution of mobility between different kind of traffic modes. In spite of the increasing
number of car use the key values of mobility do not undergo radical changes. The

measurements in the German surveyed territory gave an average of 2,9 journeys per ™

person daily in 1990, which was the same in 1976. The distance covered in 1976 was 17
kilometers, the distance in 1990 was 20 kilometers. This reflects the increase of speed so
the acceleration of urban life can be expressed by simple numbers as well. The number of
journeys in Budapest shows the same tendency; according to a dweller survey in 1993-
1994 the average specific journeys were 2,39 journeys per person daily.

3.1 Duration of'travcl

The discussion on mobility and traffic behaviour is concentrated primarily on the period
during we are “on the road” and, therefore, “actively” participating in traffic events. An
average person on an averange day spends only one hour actively in traffic. Six hours per
day on average are spent off home, however, the greater part of the day is spent at home.
But even there we participate passively in the traffic events: traffic noise and air pollution
caused by those who are just completing their active hours effects the others as well.

travel esewhere

17 hours

Fig. 3 Time spent by active transportation on an average day

The average travel time in Budapest fits in the European tendency, we spend usually 55-
68 minutes with the daily transport. By

3.2 Distances

The most important trip purposes (with almost equal shares of 25% each) are .work,
leisure and shopping (including the use of services such as post office, doctor etc.). In
accordance with Hungarian measurements, the 32,4 % of the trips are shorter than one
kilometer and further 29,7% of the journeys are below four kilometers, so the 62,1% of
the trips in the capital are short distanced and ideal for walking or cycling. Looking at the
results of a German survey about the distance and speed of car trips in city centers, Fig.
4, we can see the same tendency: the residents use their cars more than it would be
indispensable. '
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Fig. 4. Rates of car trips' distances (%). in German cities in 1990

4. REPLACEMENT OF CAR TRIPS

Qenerally speaking almost 60% of car use could be substituted by other, environment-
friendly transport modes. In Budapest the developinent of public transport could give a
good solution for individual transport problems, but the rate of use of public transport is
significantly getting worse.

There was an interesting domestic survey in 1994-95 about cycling customs in Budapest.
In contrast to the western European experiences the main goals of cycling in Budapest
are leisure and sport. The investigations in Budapest demonstrate that the potentional
gycle use could be increased up to 2,9-3,9 % instead of the actual 1.2%. Similar
mvestigations were done in German cities as well, where- it was provable that a very
moderate behavioural change would already increase the bicycle use by 20%.

5. CONCLUSIONS

qulgng on our days' transport strategy we have to face the facts that the increasing
md1v1.dual car traffic can hardly find room on the urban road network, the congestion 12
growinig, therefore the emission of pollutants intensifies. The actual rate of public
transport .and th'e environmental-friendly transportation is decreasing. To stop this
process 1t1$ very important to hinder the increase of individual car use. The key word of
the practical solution are the good transport policy and the behavioural changes. -
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1. INTRODUCTION

The cost of a building steel frame is considerably influenced by the nature of its
beam-to-column connections and particularly by their degree of stiffening. Substantial
economies may be easily achieved by using bolted connections without stiffeners,
which are easy to fabricate in work-shop and to assembly on site and therefore ensure
minimum cost. :

Steel structures with sémi-rigid joints have a greater possibility of deformations,
in comparison with the rigid ones, which means that they are more sensitive at the
second order effects, and, consequently, to the influence of imperfections. The semi-
rigid joints are also influencing the dynamic response of the steel structures, modifying
the structural coefficient q and the plastic hinges biography.

Promotion of steel structures with semi-rigid joints in Romania has to satisfy the
seismic criteria of strength and deformability.

On the basis of an extensive numerical investigation, the present paper
summaries the main conclusions in regard with the influence of different structural
parameters on the seismic response of steel’ building frames with * semi-rigid
connections.

2. NUMERICAL SIMULATION PROGRAM

A numerical simulation program with DRAIN-2D computer code was designed
to find out the influence of the structural and seismic characteristics on the behaviour of
steel building frames with semi-rigid joints. The four steel frames presented in Fig.1
were selected for numerical simulations. HEA and HEB section for columns and IPE
section for beams were used. Different ratios between the beam and column rigidity
were chosen, i.e. strong column and weak beam (SCWB), weak column and strong
beam (WCSB) and column and beam with almost the same rigidity (CBSR). The beam-
column joints taken into account were either of rigid or semi-rigid type.

The Burocode 3, Revised Annex J rules were used to evaluate the -joint
characteristics, i.e. the plastic resistant moment, My, and the initial stiffness, S;. The
characteristics of the joints selected for this parametrical study are: '

- Mpq = 1.25 1.0; 0.8M,; poan

- 8= Kyypr 0.8Kyyy 0.6K,,,, 0.4K,, and Ky
The $; values are limited by K, and K, ; as shown in Fig.2.

The K, values are determined as follows:
- according to Eurocode 3 provisions
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- on the basis of the ultimate plastic rotation capacity evaluated either with
Mazzolani & Piluso method or with DUCTROT program [3].

The accelerogram of Vrancea (Bucharest 1977) earthquake was used for dynamic

analysis, 2 :

The main purposes of this parametrical study were to analyse the time history of
the plastic hinge appearance up to the collapse mechanism and the change of the g
factor. Eurocode 8 provisions, the Ballio-Setti [7] and Gioncu [3] methods were used to
evaluate the q factor values. . : :

In order to model the cumulative damage of frame members; after the attainment
of M,;, a 5% degradation was considered in the bilinear M-¢ curve during the dynamic
simulation with DRAIN-2D.

The P-A effect was also introduced.
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K, =25EL/L, *

K¢ = max[(0.5EL)*, M, / Q)™ |

* - Burocode 3

* 9,, - determined after the method of

102 S

0 ‘ Mazzolani & Piluso and Gionci '

3. NUMERICAL RESULTS

Tables 1 to 4 show the values of q factor, determined by Ballio-Setti method
using displacements, q,, and plastic rotations, g, (see Fig.3a and 4a), and by Eurocode 8,
q,» respectively.

Tab. 1 - q factor values for frame A

Frame A

WBSC CBSR WCSB
My, | Stiffness| qq Gy G Yy . h I Ga I D 9
Ky, 5.35 - 2.33 4.50 - 1.41 405 - 1.33
0.8 kﬂe 5.25 - 2.20 4.50 1.25 1.41 4.10 - 1.33
12M,, [ 06Kk, | 4.65 . 202 | 458 | 122 | 141 | 4.10 - [133
04 k&L 4.0 - 2.0 4,72 1.42 1.47 4.10 =1 1.33
Kiue 2.2 2.53 2.55 1.95 1.22 3.32 1.85 | .1.70 |2.60
ki'm 7.92 10.4 3.82 4,55 - 1.41 4.05 - 1.33
0.8 kmv 7.10 9.20 3.50 4.50 - 141} 4.10 - '1.33
1.OM,, | 0.6 ki“J.’ 6.25 7.95 3.15 4.50 - 1.41 410 |- - 1.33
0.4 kﬂp 4.95 3.85 2,60 4,75 - 1.47 4.10 - 1133
Kor 218 | 2.54 | 2.55 | 195 | 220 | 3.32 | 1.85 | 1.70 |2.60
lgs_\_,a 11.6 16.2 6.0 1.35 - 1.41 4.05 -1 1.33
0.8 kﬂ,}_, 11.7 16.3 5.87 1.15 - 1.41 4.10 - 1.33
0.8M,, | 06k,, | 119 | 164 | 575 | 13 - 141 | 4.10 - 1133
04k, | 10015 | 145 | 522 | 15 - [TA7 | 410 | - 133
Kine 2,15 2.54 2.55 1.95 2.15 3.32 1.85 1.70 }2.60
Rigid 3.40 - 2.0 4,40 ~ 1.35 4.05 - 1.27

Tab.2 - q factor values for frame B
Frame B

‘ WBSC CBSR WCSB
Mgy | Stiffness| qq 4 | 9 | 9 9 | Y qq 9 | G
Kyup - 1.10 1.29 2.0 1.27 1.65 2.0 1.30 | 2.02

0.8 Ky 1.32 1,08 1.39 2.05 1.28 1.65 2.05 1.30 .[.2.03
12M,, | 0.6k, 1.30 1.51 2.04 1.30 1.67 2.0 1.30 | 2.04

04k, | 260 | 131 | 2.09 | 198 | 126 | 173 | 20 ]°1.30 |2.08
Kigt 160 | 2.62 | 2.64 | 220 | 290 | 290 | 210 | 220 354
Koy - - 1.03 - - 163 | 20 | 130 [2.02
08k, | 15 | 158 | 198 | 195 | 108 | 163 | 205 | 130 |2.03

- 1.57 2.27 2.0 1.20 1.66 2.0 130 | 2,04

1.0Myy | 0.6 Ky
04k, | - | 133 | 180 | 195 | 127 | 173 | 20 | 130 208

ke | 160 | 2.63 | 2.63 | 225 | 290 | 290 | 210 | 220 |3.54

K ~ | 225 | 240 | - | 157 | 160 | 20 [ 130 }2.02

08ky, | - | 295 | 440 | 620 | 150 | 3.04 | 2.05 | 130 203

0.8M,, | 06Ky, | - | 310 | 421 | 480 | 256 | 259 | 20 | 130 [204

0.4 Ky 3.7 2.55 3.75 3,75 1.95 2.15 2.0 1.30. ' 2.08
nf 22 2.90 2.63 2.15 2.90 2.90 2,10 220 |3.54
Rigid - - 1.36 1.85 - 1.42 1.95 ~ 1.46
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Tab.3 - q factor values for frame C FRAME A ' R FRAME A
Fr_ame C 5. Plastie votation(1.2 Mpl) L Plastic rotation (1.2 Mpl)
CBSR WCSB
0.30
My | Stiffness | qq Gy G 94 9 | n
Ky 235 | 143 | 540 - . 1.47 o o T
08k, | 332 | 136 | 7.70 . - 147 ' Toaar sy e
12M,, | 0.6ky, | 356 | 117 | 7.70 - . 1.47 o T . i
0 4 k 3.57 - 6.75 - = 1~44 e ] 0.2 04 (X3 0.8 i 1 12 11.4 (”":).;P() 0.20 ():1() .60 0.80 L‘(l(l 120 1.1-3()
km, 204 | 3.0 135 | 138 | 1.53 | 3.0
Koy - - 7.28 1.20 - 1.41 Fig3.b SBWC Fig. 4.5 CBSR.
0.8 ks_uL_ 4,881 3.9 727 - - 1.41
1.0M,, | 06Kk, | 543 | 29 | 857 | 110 . 1.53
04k, 5.17 3.40 10.7 - - 1.58 FRAME A FRAME A
Kin 2.10 3.0 1.35 1.38 1.54 3.0 o8 Displacements (1.2 Mpl) 1o d Displacements (1.2 Mpl)
Ko 473 | 183 | 70 | 240 | - | 254 w . ul
08k, | 604 | 190 | 85 | 210 [ 425 | 3.10 ’ _
0.8M; 0.6 Ky 10.84 2.10 9.0 2.10 4.27 3.0 04 g 064 4_K-5u=p»-':'= i
04 Ky, | 11,10 - 7.0 182 | 2.55 | 2.83 ol o ol o
. | 205 | 305 | 135 | 138 | 153 | 302 L Louy oo
Rigid 2.40 ; 5.50 - - | 1.40 B e e o2y " it
A
Tab.4 - q factor values for frame D ! 0 02 04 0.6 08 1 12 L4 o 0 02 04 06 08 ! 12 14
Frame D Fig.3.c SBWC Fig.4.c CBSR
L CBSR WCSB .
M Stiffness | p a 3 q 1 For C and D frames the WBSC results are similar to the CBSR one.
‘Rd \ d B n d ¢ m
k, 2.40 - 2.39 3.73 - 3.33
Sup.
U8l | 245 |~ | 350 | 367 | - 1333 4. CONCLUSIONS
1.2M,, 0.6 Ky 2.10 - 3.40 3.72 - 3.33 . ) ) o
" 0.4 k:; 1.84 - 325 3.84 -] 350 | On the basis of the results previously presented, we have tried to obtain some
Koot 130 | 130 | 3.08 } 128 - 2.64 answers to the following problems i.e..
[ ~ | 145 | 275 | 372 | - | 333
08k - 1.55 | 5.08 | 3.68 - 3.33 4.1 Influence of the beam/column rigidity ratio
» 10My, | 06Ky | - 158 | 538 | 3.3 - 333 -
0-‘1‘( Ky 1'32 ?i; 35608 ?'gg . ggg In case of SBWC frames, a floor mechanism located within the first storey
kw . . 4.60 3-81 5 40 occurs. The corresponding sway displacements are important. The q,, factor obtained
5 sé‘f(L - 53 6'2 5 3‘ o = : 4‘ 5 according to Eurocode 8 is very close to the values obtained by Ballio-Setti method for
- Baup : : e : S :
0.8Myyy [ 0.6 Ky ; - T 1216 | 126 | 40 : qq (Fig.3a). _ o o
04K, N : 1128 | 3.85 _ 3.67 ! For WBSC frames, the yield mechanism is a global one, in which the plastic
Kint 130 | 130 | 3.12 1.24 - 2.64 hinge rotations are dominant. The q factor obtained according to Eurocode 8 is mthel
Rigid 1.15 - 242 | 3.50 - 333 close to the values obtained by Ballio-Setti method for Ay
RAMEA /e RAME A : ; In case of CBSR frames, the yield mechanism is a combined one, in which the
drte 12 My~ 04Ky ) 12 My - 04K, ' plastic hinges may appear both in columns and in beams. The q,, factor calculated
t/ic . .
g P ] according to Eurocode 8 has a value between g, and q, (Fig.4a).
o / ~ / : Regarding the q factor, it can be also observed that, in case of SBWC frames, the
. = / § values of q for the rigid frames are closed to the semi-rigid ones. These values are
| / - cic ) g / e ementdde increasing with the reduction of the joint rotational stiffness and ultimate resisting
S v dlplcoment dide & ting o rotaton e moment (semi-rigidity effect), excepting frame A, as seen also in Ref.[7].
L 4 : Mf’ e : ; e o So, the recently proposed formula by Mazzolani & Piluso [5],to reduce the q
_ factor for semi-rigid frames, via a coefficient n < 1, seems to be not generally valid.
Fig.3.a SBWC Fig.4.a CBSR
o : 105 -
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4.2 Change of ultimate resisting mement of the joints

In case of SBWC frames, if the ultimate resisting moment of the joint, My, is
changing, there are no differences in structural response (the yield mechanism is
identically). :

In case of WBSC frames, the specific M-¢ curves influence both the q values

and the collapse mechanism. The mechanism is global.
For CBSR frames the behaviour of the structures is rather similar if the joints are
full resistant (i.e. My, = 1.2M,,,; 1.0M,;,), but it changes in case they are partial resistant

joints (i.e. Mgy = 0.8M,;,).
4.3 Influence of initial rotational stiffness

Behaviour of the structures (i.e. yield mechanism, q factor, displacements,
rotations), is not significantly influenced by the change of initial joint rotational
stiffness (S; = 1.0K,,,; 0.8K,,; 0.6K,,; 0.4K ), excepting S; = K,,,, when appears great
differences (Fig.3b,c and Fig.4b,c).

Some results already obtained with El Centro (1940) accelerogram, prove the
fact that the type: of seismic ground motion may strongly influence the structural
dynamic answer. Thus, numerical simulations with El Centro, Northridge (1994) and

Kobe (1995) accelerograms are in progress.
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1. INTRODUCTION

This paper deals with end-plate-type steel-to-concrete connections under cyclic loading
conditions. After some basic definitions the behaviour of this type of connection is
presented on the basis of test results, then a model is introduced which can be an

effective tool for numerical analysis.

2. DEFINITIONS

The connection which is under investigation is defined in a general sense (i.e.
connectors plus connected elements) and consists of four main components:

— asteel beam or column with arbitrary shape,

— aconcrete or reinforced concrete element,

— an end-plate, welded to the connecting steel element,
anchor bars, situated either in the middle part of the connection (nominally pinned

connection) or in the edge zone of the end-plate(nominally fixed connection).
A typical structural arrangement is shown in Fig. 1.

Concerning the loads the following conditions are assumed:
- the connection is subject to bending moment and axial force,

~ shear force is not taken into consideration,
~ loading can be either monotonic or cyclic, this paper, however, is focusing on the

cyclic behaviour.

steel column

__-end-plate

anchor bolt

- concrete block

Fig. 1 A typical structural arrangement
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3. CYCLIC BEHAVIOUR OF THE CONNECTION

3.1 General < S

In order to understand the behaviour of the connection, first the local behaviour of the
connection components has to be understand. Each component has its own special
behaviour which determine the connection behaviour. The characterizing phenomena
are the following:

-~ plastic deformations in the end-plate,

— plastic deformations combined with local buckling in the steel beam or column,

-~ deterioration of the concrete, - o -
— pulling out and/or elongation of the anchor bolts. _ ' q.  classa : class C

-1.5

In this Chapter first the local behaviour of the connection components is summarized, F 3 Celi ent vature di b h . ble slend
then the global behaviour of the connection is discussed. N g, YCUC moment - curvaiure alagram Of]— eams with variable sienderness
3.2 Local behaviour of the connection components Compression

1ol

3.2.1 Plastic deformations in the end-plate

End-plate deformations are caused by the plastification of its material. The cyclic
behaviour of steel material is presented in Fig. 2 , where typical o—~¢ and 1—y diagrams
are plotted (based on [1]), o being the normal stress, T the shear stress, € and v the
corresponding strains. As it can be observed, the steel material shows very good cyclic
characteristics: high energy dissipation capacity, high ductility, without any rigidity
degradation. : -

Stress

Tension f : Compression
+1y " Strain

Tension

.
(1 MRy

60 N e 00 "
e S N
= . %0

f J © » /ﬁﬁ ] " o Fig. 4 Cyclic stress - strain diagryn of concrete material
Py STAAT) SToe [

=)

a )3
A

3\'& .
0 / o0 2 L//’// 150 ‘ 6 T [N/mmf| I : :
I == =t N A . AFTER 10 CYCLES AT < 165mm
“€8. = 10 ot } {4 [ _._..! B T IR
T 8 2 ~04 -0l ol o4 ' ‘ ’I ! ' . ;
- 0020 - 0010 0 o0 0020 0030 { i AFTER ADD‘TWAL
. ) . ) 12 e e T ——/10 CYCLES AT 5 = 2.54mm
Fig. 2 Cyclic stress - strain curves of steel material / / ' /- = A |
. v H i . -
. . . 10 7S U | RN WSS | SN SUTEN— T ~
3.2.2 Plastic deformations plus local buckling in the steel bar / ' m
o . S o o S/ MONOTONIC_LOADING & ™
The behaviour is similar to that of steel material, the plastification, however, is limited p i ]
due to local buckling (e.g. flange buckling in case of an I-section). This effect results in )/ ! e ’ !
a degradation of cyclic characteristics.. Two typical moment-curvature diagrams are . & i 1) - ’ }'""—~_'“”—
presented in Fig, 3, according to [2]. : - - 2‘;7 |
: 4 @ - CYCLING WiTH. ™~ ~ )
3.2.3 Deterioration of concrete ' As = 0’05"""1
: : , 2 v |
Fig. 4 shows the cyclic o—-¢ diagram of concrete material on the basis of [3]. In the l/ |
envelope curve a softening branch takes place after reaching the maximum point, while, - P I 3 7 é N
in case of cyclic loading, a significant rigidity degradation can be observed. ' ' s|mm|
Fig. 5 Cyclic bond stress - slip curve of anchor bars
o - X 109 o SRS wLn
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3.2.4 Pulling out and/or elongation of anchor bolts

The bel}aviour of the anchor bolts crucially depends on the structural details of the
connection. Two types of structural solution are used. o

In the first case the anchor bar is restrained at its end only, there is no bond between the

steel an_d the concrete, the elongation of the anchor bolt can take place freely. Thus, the

gorce-dlsplacement characteristic is determined by the plastic deformation of the anchor
ar.

In the second case the anchor bar is embedded in the concrete, the anchorage is ensured
by thc? bond between the steel and concrete. The cyclic behaviour is determined by the
combination of two phenomena: the elongation of the bar due to either elastic or plastic
dgformations, and the slip betweén the steel bar and concrete, This latter is illustrated in
Flg.‘S, where a bond stress versus slip diagram of an anchor bar subject to repeated
tension force is plotted, according to [4].

3.2. Global behaviour of the connection

The global behaviour of the connection, which can be well demonstrated by its moment-
rotation characteristic, is determined by the previously described local phenomena. It is
9bv1ous' that none of these phenomena can take place independently of the others, but
in p'ractlcal cases, there is a strong interaction between them. This interaction, how,ever,
is highly influenced by the parameters of the connection. In other words, the structural,
arrangement, the materials, as well as the dimensions of the connection have a very
significant effect on the cyclic characteristics. For this reason, it is difficult to give a
general description of the connection behaviour. As an example, the moment-rotation
curve qf a typical steel-to-concrete end-plate connection is shown in Fig. 6, as it can be
found in [5]. The most important feature of the presented curve is the considerable
rigidity degradation.

Moment (kNm)

-25 20 -15 «10 -5 0 5 10 15 20 25
Rotation (mrad)

Fig. 6 Cyclic moment - rotation curve of a connection
4. NUMERICAL MODEL .'

After ur_ldqrstanding the behaviour, a model can be introduced. To have an accurate
model_ It 18 necessary to cover all the phenomena which crucially determine the
behaviour. It is to be noted that, up to this time, such models are not developed.

110
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The proposed model has the intention to be able to follow the local behaviour of all the
connection components. In this way there is a hope to accurately predict the global
moment-rotation behaviour as well. The most important characteristics of the proposed
model are summarized as follows:

— the finite element method is proposed;
layered shell elements are used to model the end-plate and the steel beam or column,

(8-node serendipity element, 5 degrees of freedom per node);
— the concrete block is considered as a foundation layer;
the anchor bolts are modelled as a special ("negative") foundation layer;

~  Winkler-type foundation is used;
a cyclic plasticity model is implemented as steel material model, (an extended Mroz

model is proposed, as it is described in [6]);

a cyclic deterioration model is applied for the concrete material, (envelope curve can
be derived either from tests or by using an appropriate analytical model, while the
rigidity degradation is considered in a simplified way according to [7]);

cyclic force-displacement relationship is considered for the anchor bars, (the
relationship is proposed to establish on the basis of experiments), ' -
geometric non-linearity is taken into consideration.

It is to be noted that, for the concrete and anchor bolts refined analytical models can also
be used.

5. CONCLUSIONS

In this paper a model is proposed for the numerical analysis of end-plate-type steel-to-
concrete connections. Based on experimental observations, the main characteristics of
the model are defined so as to cover the most important phenomena which govern the
cyclic behaviour of the connection. To verify the model, a numerical comparative study
is necessary, which can be the next step of the investigations.
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ABSTRACT
This pape‘r"‘i's to give a short summary on the theory and the different calculation methods of
composite beams presuming elastic behaviour for the connectors.

1. INTRODUCTION

The majonty of engineering structures consists of elastically connected girders. For
“instance both in case of railway and highway bridgés elastic connection’ can be observed

between the main and the floor beams and the stringers. In spite of this well known fact
elastic composite behaviour is usually not considered in practice due to the difficult
calculation method. Instead the regarding standards presume rigid connectors.

Composite structures give the most common example of elastic connection. In this case the
assumption of elastic composite behaviour is justified by the problem of big spans that is that
the thickness of the concrete slab cannot be increased beyond a certain limit which means
that it will not follow proportionally the dimension changes of the structure. Thus, while the
increase of the span results in a higher steel girder the thickness of the slab practically will
not differ from the original one. Therefore the center of gravity of the composite cross
section moves farther from the concrete part and the stresses at the edge of the slab on the
compression side reach their limit value before those of the steel beam do on the tension
side. It means that the steel structure is not used with its full capacity.

The elastic connection decreases the ovetloading of the concrete slab. The M, bending
moment acting on the entire cross section is balanced with M, (concrete), M; (steel) and
N -a bending moments: My=M_,+ M, +N-a

Generally the M, bending moment is considered zero as the stiffness of the concrete slab
can be ignored compared to that of the steel beam, It leads to the fact that the stresses in
the concrete can be moderated by decreasing the N normal force.

2. CONVENTIONAL CALCULATION METHOD FOR ELASTIC CONNECTIONS
- RESOLVING THE DIFFERENTIAL EQUATION [1]

This method is based on such a model of the composite girder where the connection of the

concrete and the steel part is given by an elastic layer between the two elements,
The change of the length of this layer is: & (x)=c-T(x),

112

ds (x)  dT(x) : (1)

A‘fc N
-
2 'J % ELASTIC LAYER,
v
. —
1 ” O"’s

— dxs .

Fig. 1. The composite cross-section with the internal forces and the deflections

Determining this strain as the difference between the deflections of the connected elements:

(Fig. 1.)

(dx + Ad,) (e + Adke,)= & (x)
Considering (1): ) L »
Ads, Adv, 48 ,(x) dT(x) @
dx dr dx dx
and o
Ade, N M, AdJCc=~ N + M, e, eteSd,

‘€5, -
dv B, A, Bl 0 de B4 Eol
and also the equality of the curvatures:
M. _ M, |
E,-I, EgI’
equation (2) becomes :
N (%) =t ! -—M(x)w—q——.«.—-c-dT(x) Q)
E; 4, E.- A B dx

From the equilibrium condition:

SN (x)=N (x)+7(x)dse— N (x)-dN (x)=
thus
N (x)=T(x) and d?c’j)(cx)':d» dli;x) .
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From the equilibrium of the bending‘m'oments:

M=M,+M_,+a-N , ignoring M,: M,=M‘-—a-N.
$o equation (3) becomes:
N*(x)- @ N (x)+.2-M (x)=0, @
where ' ‘
1 1 a?
+ +
1= a and @ ’= E 4, E 4 Ei-l
c kgl : c

Solving the second order innhomogeneous differential equation for loadings frequently used
in practice the following results can be obtained. (Tab. 1.) | :

Because of the relatively difficult formula the effect of creep and the statically
indeterminate structures can only be calculated using approximating methods.

An example for applying the solution of the differential equation is presented in [2]. In the
paper the results of calculating on the basis of elastic connection and also of the
specifications of the Hungarian Standards are compared with experimental data. The
calculated values show good coincidence with the experiments'thus the assumption of elastic
connection is verified. On the other hand it is noteworthy that the Hungarian Standards
overestimate the values of the slip shear force.

3. CALCULATION WITH THE POTENTIAL ENERGY METHOD [3]

The main disadvantage of the conventional method is characterized by the fact that it is the
normal force that is given as the result of the analysis. However considering statically
indeterminate girders deflections are of greater importance and they can be determined only
by approximating methods. Using the potential energy function the deflections can be
derived directly.

The potential energy function is given as follows:

n 1
H=iZIB-W(xf)+J p(x)-w(x)de - L,
= 0

The first two parts refer to the work of the external forces, these can be determined e.g.

with the Ritz method. The I, work of the internal forces is taken with the help of the
differential equation (4) which expresses the equality of the strains.
The N normal force performs work on the

. 1 1
N ("’)[ES-AS "R
M(x) M(x)
Ec ' Ic B Es ‘ Is
Therefore the internal work is :
!

14 M2 1 M2 ., 14
me [y b e [ 4 = [ K N*dx +—] ¢ N: N"dx ,
N Y ALATT s 2 2 )¢

V(). .
+e e relative - displacement and the bending moments

on the curvatures.
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7ab. 1. Internal forces in case of elastic and rigid connection for different loadings
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1 + -1
E.v ) As Ec * Ac -
Considering that : :
M;(x)::—Es'Is'w”(x) and Mc(x)z"Ec']c'w"(x)
and introducing © =—A§i((—x)—)-, the normal force follows as
x

- where K=

N(-x)z_?.s;ﬁél"_(_xl _

Thus the internal work can be expressed as
. o7 . 20 ,n 2
L[,:Ec. I+ Eg Isfw"(x)zcbc-kK(E" 1.9) f W (x) de+
2 0 2 oL © :
+c-lz?s-lsj“w”(x) By Iw(x) .
2 4, © (0]

This way thé potential energy function is determined, the deflection function can be

replaced by an approximating w(x)=2.5;- £i(x) that fulfils the boundary conditions and
‘ i : ;
_applying the Ritz method the &; constants and the w(x) function can be given so the internal

forces can be calculated. -

4. CALCULATING WITH FEM

Various softwares based upon FEM are available offering the possibility to examine the
non-linear behaviour of the connectors of composite beams. Numerous researches have been

"done using FEM to obtain results regarding compasite structures. In [4] the analysis of a

‘composite girder was carried out where the concrete slab and the steel beam were modelled
with surface elements positioned into the center plane of the regarding structural parts. The
connectors were replaced by beam elements. As for the material properties in case of the
steel the o~ & diagram formerly determined from experiments was applied; in case of the
concrete an approximate model was used.

Drawing conclusion from the numerical analysis good coincidence was found between the
FEM model and: the experimental data as well as with the Hawranek-Steinhardt theory
assuming elastic connection. On the other hand, however, the slip shear force distribution
specified in the Hungarian Standards shows sigriificant differences on the side of safety with

the above mentioned results.
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Hungarian Standards

Elastic connection ( Hawranek - Steinhardt theory)
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xfeml  distance from the end of the girder

.. Fig. 2. Slip shear forces of the corﬁpqsi{e beam

CONCLUSIONS

Considering elastic composite behaviour in calculating cgm'posite structures leads to the
decrease of the internal forces and results in a more economical design regarding the
dimensions of the steel girder. The difficult formulas though hinder the method to become
wide-spread and the lack of its use is partly due to the fact that it provides the internal forces
as result while in case of statically indeterminate structures it is deflections that are needed to
be available. This problem can be solved by applying the potential energy method which
calculates the deflection function first and derives the internal forces from those data ( €.g.

 using the Ritz method). Numerical FEM analysis can be carried out in order to examine the
non-linear behaviour of the connectors and obtain more accurate results which tend to

coincide with both experimental and theoretical onies. Coniparing these above mentioned
data with the specifications of the Hungarian Standards for composite structures-a significant
difference was pointed out (on the side of safety though) which strongly suggests the need
for introducing new regulations in composite design. :
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1 INTRODUCTION

The slender members loaded by transversal loads or ended moments acting in the plane
of greatest stiffness, may collapse by lateral-torsional buckling before reaching the full
plastic moment, M. In the case of short members (ALT £04) with slender walls, the
local buckling occurs and the failure is produced when the plastic moment My e of the g
effective cross-section, My efr = Wegr -fy, is reached. For usual thin-walled cold-

formed steel beams, with the ApTslenderness size the local-overall buckling interaction
always occurs. The practical way to introduce the Jocal buckling effect into the overall
lateral-torsional buckling of the beam is to reduce the flexural stiffness by means of the
effective modulus, Weg. Geometrical and material imperfections as well as the erosion of
critical bifurcation load, due to the coupling phenomenon of two different instability
modes, must be taken into account to evaluate the ultimate resistance of such beams.

Two relevant design codes i.e., ENV 1993-1-3, 1996E Eurocode 3 Part 1.3 and AISI LRFD
(1990), and the ECBL approach [1], [2], were used to evaluate the ultimate lateral-torsional
buckling moment. Tested specimens collected from literature [3], [4], [S] were selected for
comparison with theoretical results.

The actual Eurocode 3-Part 1.3 buckling curves used to predict the ultimate load of
cold-formed steel member have been obtained for hot rolled sections. Due to the
different nature of the imperfections and to the interaction between overall and local
buckling, these curves cannot always appropriately describe the buckling behaviour of
cold-formed steel members. An alternative approach is proposed, based on the Erosion
of Critical Bifurcation Load (ECBL) theory.

2 THE ECBL INTERACTIVE LOCAL, LATERAL-TORSIONAL BUCKLING
APPROACH FOR BEAMS IN BENDING A

Related to Figure 1 it may be written for Ar=1/ Qolj

— M .
Mur :'I\T';(I—WLT)QLT 2.1)

) ' ;
where: 7 !
— 1oy (ur—04)+Quhir 1 - = = |
M= wrhir = )+ Qurhir - \/[1+0LLT(7»LT -—0.4)+QLT?L|2,T]2 —4QLT7viT (2.2) ’

2\ir 2ALT . !
Air = [Wegry £y / M, 17 23) |
W, B

Qi = "VI,'@" X 2.4 '

ply
Aur= the reduced slenderness;
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Wesy= section modulus of the effective cross-section when subject only to moment

about relevant axis;
.~ the elastic critical moment for lateral torsional buckling for the gross cross-

section;
Qur= the reducing factor of section modulus in interactive local-lateral torsional

buckling;

W, = the full plastic section modulus of the cross-section,

Muyr given by Eq. (2.2) represents a solution of the Ayrton-Perry formula adapted to
interactive local-lateral torsional buckling including the generalised imperfection

coefficient, Ny, e.8.

Nyr = aLT(kLT "“04) (25)
My
1
Locat instability mode: Mur=Qur (v u1Qur) Beam instability mode:
Qur M Lra=1A%T
< Coupled instability mode:
(1-y Lr)Qur M L=(nOLny Ly
\\
0 i
0 04 PoQ®, 2

Fig. 1. The ECBL Interactive Model for Thin-Walled Beams

If Aur= 1/4Qqy is introduced in Eq. (2.1), after some mathematical processing, it

gives:

: _ \Vi'r . VQur 2.6

Oy = (2.6)
: I-ypr 1-04Qy
If Qur=1 (without local buckling) Eq. (2.6) becomes

2
Yir
PO, J: S 2.7)
M 06(1- i)

20
Vir = 0-3(\/”5““1;1‘ +0ifr ~0iyy) (2.8)

The new ECBL interactive approach for lateral torsional buckling of thin-walled beams is
similar to that of EC 3-Part 1.3., but Eq. (2.5) is used to obtain the generalised
imperfection in stead of the related formula given in the code.
That’s means the ¢pr formula (see the EC3 code) becomes:

dyp = 05[1+0tp (i —04)+Air] 2.9)
and oy should be calculated from Eq. (2.6) depending on yir erosion factor which has

to be evaluated by statistical processing of relevant test specimens.
In the EC3 code, for lateral-torsional buckling of beams is used the same relation for the

generalised imperfection as for compression members, e.g.

respectively
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M=o (Rp~02) : : - (2.10)
Consequently, a significant jump of the y.r value is producing for A;1=0.4, respectively
from 1.0 to 0.953 (5%). This jump:is both physically and mathematically unjustified.
Mateescu in [6] has also proposed the ¢pr formula given by Eq. (2.9), but with the
imperfection coefficient ay=0.27, for rolled I beams, and 0.7=0.60, for welded I beams,

respectively.
R

3 EXPERIMENTAL APPROACH FOR THE EVALUATION OT \I/IT EROSION |

FACTOR,

There are three distinct approaches [7] that can be used to evaluate the . Erosion
Factor i.e.: 1) the analytical approach; 2) the numerical approach and 3) the experxmental
approach.

IMLT - \ Interactive buckling slenderness range
Mu=Qir A ' o Expéeriments
Qur—T \"
©'00g9 Myra= 1/
— o° dil Pe) TE=1/AL
Mrr(ALr,Quryrt)=(1-yo1)Qur & o & S~
(l—lVLT)QLT -25 \
ALt
0 05 .
0 UQure QU QU e, g

Fig. 2 Evaluatzon of \;/LT Erowon Factor by means of experzmental tests

The experlmental approach for bendmg members mc]udes the same steps like for
columns [7]. There are used some representative. series of beam test results
corresponding to specified cross-section shapes. The beams are characterised by means
of Qur factor and the experimental values of Myr,-included in the interactive buckling
slenderness range, only (see Fig. 2) are used for the-statistical evaluation of yyr.

The DATACOST [1] is used to calibrate the y factor and, on this basis, to obtain the
new o, imperfection coefficient and a new classification of cold-formed steel section for
the stability analysis.

For instance, the experimental data carried out at the University of Salford [3] and
University of Strathclyde, in Glasgow [4,5], included in DATACOST, are used on the
following to evaluate yyr.

In case of bent ménibers thé Valies' of'the E10s10n Factor, for both Lipped Channel and
Channél Section;” calciilated for different ‘inéraction range € and scattenng A are
presented in Tables 1 and 2, respectlvely

Table 1 Values of Erosion Factor for Lipped Channel Section Beams
] . Rhodes Llpped Channel Section (41 Tests
1 Scattering A~ S 30% - 50% 70%

Inter, range W 178 Wy Wi 5 Wa Win s -y
o 1Q77 40015 10.309. 1 0.035 | 0.379 [ 0.305:1.0.036 ] 0.376 [ 0.302 [ 0.034 | 0.371 .
1/Q" £0.20 | 0.309 [ 0.035 | 0.379 | 0.314 | 0.046 | 0.407 | 0.320 | 0.052 | 0.424
1/Q%> +0.25 10.291 | 0.068 | 0.428 | 0.209 | 0.072 | 0.442 | 0.308 | 0.071 | 0.450

120 . ey

" Tablel (continued) - -~ - IR L T R

. Lovell’s Lipped Channel Section (27 Tests)
1/Q™ £0.15 ] 0.233 1 0.039 | 0311 | 0.233 | 0.039 | 0.311 | 0.224 | 0,037 | 0.297
/0™ %020 [ 0.238 1 0.078 1 0,394 | 0.211 | 0:055 | 0.321 | 0.231 | 0.072 | 0.374
I/Q”" 025 | 0.238 | 0.078 | 0.394 | 0.213 0.092 {0398 | 0.234.1 0.103 | 0.440

Table 2 Values of Erosion Factor for Channel T ests

Lovell’s Channel Section (20 Tests)
Scattering A. 30%: 50%, 70%
Interaction range Wi Wy
1/Q%> +0.20 0,226 0,015 0.256
1/0Q™ £0.25 0.199 0.048 0.294

4, COMPARISON BETWEEN NUMERICAL AND EXPERIMEN TAL RESULTS

This chapter includes comparison of the results obtained by the EC3 Part 1.3, Mateescu and
ECBL approaches with some relevant experimental results, and, on the other hand includes a..
comparison between the interactive buckling curves obtained with Generalised Beam .
Theory (GBT) and ANSYS with those given by EUROCODE3-Part. 1.3, AISI LRFD
(1990) and ECBL approaches and with test results.

Mr Fhrae Q072,032 0-0.199

Y R N Morst (Qur-0.761, wr0321,0-0.203) 09 v (QFOT2L, Y097, 0-0.161)
087 ¢ ’ ’ S
761, Y0297, ¢c-0.168) . et
071
nald 06 © L ovdl expainerts
¢ 1 ovell experiments 05 smnmssmwz

Lipped channel Section 04

\hﬂnd(hnml Seetions

! irens 10to 164
03 Specinens 10to 03
02

027 Mocr(Qure0.768, w00, 0-0.463) ol
ol ) -

_ 0 t A
9 ' ' ' Mir 0 05 1 15 2

0 05 1 1.5 2 25
a,) . o)

M -ﬁr

pa=ll I pu=l.1

. Moo (Qr=0.543, 40254, 00,128 "

05 * Lovell experiments 05 .
Chimnel Sections ¢ Loveli cxpariments

o4 \ Specinans 3 to 17 04 1 Channel Scetions
03 T wme . R 03 Specimens 40 to 41

’ “ECY (=021 .
0 4 MATCHE=02D S RN
0.1 02 T MunsTiC3 (=0.21) \\

.0 1 [ 2]

T 0 ) Tor

t t t t 1
0 0.5 1 15 2 2.5

Fig. 3 Numerical-experimental comparative resulls

In—case of Lovell’s lipped channel tests, the best results for the ECBL approach,
compared to EUROCODE 3-1.3 and Mateescu formulas, were obtained for y=0.321
(A=50% and £=120), while for Rhodes tests the best ECBL results were resulted for
Wa=0.376 (A=50% and e=t15). In the case of Lovell’s channel tests the best results for
ECBL approach are obtained for ,=0.256; compared both to EUROCODE 3 and
Mateescu formulas the correlation between test and numerical results is better in this
case, but unfortunately, in all three approach, the safety level is too small.
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The Generalised Beam Theory (GBT), seems to be a very convenient tool to analyse the

individual and coupled buckling modes in the case of compression and bending thin- - -
walled members. Tt was suitable to compare the results obtained with this method with -
those given by a standard Finite Element code, like ANSYS. On the other hand, the -

comparlson of both the GBT and FEM results, via some selected series of tested
specimens, with corresponding results given by relevant design code provisions, like
EC3-Part. 1.3 and AISI LRDF (1990), or with the results of some recent- mteractwe
buckling approaches, like the ECBL method are, also, interesting and useful. :

GBT can be used both for bifurcation and general- second-order problems [ 8] [9] The
independent modes are solved as bifurcation problems while the coupled modes are of
second-order ones. ,

The ANSYS FEM computel code 5.1 version, with Elastic Shell 6.3 elements and the
Subspace Eigen Bucklmg Method are used for the. comparison with GBT Lovell's

bending channel specimens [3] were selected for this comparison.

Figures 4 (a,b) show. the comparison between GBT and FEM results. Local (L),

distorsional (D) and overall (LT) independent instability modes and "all coupled modes"

curves are plotted using GBT (no local modes are taken into account into "all modes"

curve). The first eigen buckling modes overlap is plotted with ANSYS showing the

ranges of different buckling modes [10].

2007 Moment (kNem) * * il modes 3007 Moment (kNem) " T ™ alimodes . -
8 ovenall B overall
—_— 250
ANSYS (L) %= distorsional
150 " " ANSYS (LT) 200 —"ANSYS (L)
¥ distorsional “ = ANSYS (LT)
—'\ -
. B0 K gr———
10T Mt o s e s
100
LOVELLA * LOVELLD
o e 56
0 50 100 150 200 250 300

00 150 200
Length L (cm)

a)

Length L {¢m)

b)

Fig. 4 GBT/FEM comparison for channel beams

Figures 5 (a,b) show the companson between the interactive buckling curves obtained
with GBT and ANSYS with those given by EUROCODE3-Part. 1.3, AISI LRFD (1990)

and ECBL approaches and with test results [10].

Moment (kNcwm)

[ Blaslo Moment MpdWplfy oo
Yiold Moment My=Wol.fy
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Fig. 5 Comparison with tests‘and deszgn method for channel beams
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5. CONCLUSIONS

The results obtained either with the code formulas or the ECBL approach are in a very
good agreement with test results. In fact, this formulas are semi-empirical ones, and they
were calibrated via a statistical processing of test results; consequently, it may be
expected to have a such good agreement with the experiments.

If the comparison is limited only to GBT and ANSYS FEM results, the situation is rather
different, especially becatise for short membeérs the ANSYS model introduces the local
buckling mode only, both for the compression flange and web, while in the case of GBT
the distorsional mode is dominant. The FEM results are closed to the tests in case of
Lovell's D specimen series, while GBT shows a good agreement with experiments, both
for Lovell's A and D specimen series, but only for no long members.

The interactive buckling phenomenon of thin-walled cold-formed members is
characterised by a strong erosion of critical load due both to the imperfections and
coupling effect of instability modes. It could appear that both the GBT and FEM models
used in this study are not suitable enough for these kind of problems, but this is not true
because refined models can be obtained with both these methods. The effect of
imperfections together with the plastic behaviour, which is important for short members
especially, must be taken into account.
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1. INTRODUCTION

In case of thin-walled cold-formed (TWCF) steel compression members, due to both
wall slenderness and geometrical imperfections, an overall-local interactive buckling
almost always occurs. The specific phenomenon of coupled instability, as a main design
criteria for this type of steel profiles, is however extremely difficult to be implemented
within simple formulas. The methods that are available to solve this problem may be
classified in four categories:

1) Analytic (theoretical) methods, based on ‘the theory of member post-cmtlcal

behaviour, which unfortunately cannot give available formulas to current design;

2) Semi-analytic methods, where modelling of wall-buckling phenomenon is achieved *

using the "plate effective width" concept. The column overall non-linear behaviour is
expressed using classic equations of structural mechanics, while the non-linear
problem of the interaction between local and overall buckling is dealt by means of a
step-by- step ‘numerical algorithm;

3) Semi-empirical methods, which modify the buckling curves by means of reduced
geometncal properties. of member cross-section-on the base of the "effective vvldth"
concept;

4) Numerical methods, which are the most powerful instrument to the analyse of thin-
walled members behaviour. Finite Element method (FEM) uqmg "shell" type
elements and Finite Strip Methods (FSM) are both included in this category.
However their use in practical design of structures is impossible sirice they allow
only for the analyse of isolated members. :

Generally, the design codes use semi-empirical methods The actual Eurocode 3 - Part
1.3 buckling curves, used to analyse the behaviour of cold-formed steel member, have
been obtained for hot rolled sections. Due to the different nature of the imperfections
and .toithe interaction between overall and local buckling, these curves sometimes
cannot appropriately describe the buckling behaviour of cold-formed steel members. An
alternative approach based on the Erosion of Critical Bifurcation Load (ECBL) theory,’
is proposed

2. THE ECBL APPROACH FOR INTERACTIVE BUCKLING OF COLD-

FORMED THIN-WALLED COMPRESSION MEMBERS

On' the basis of the ECBL theory applied to coupled instabilities [1], in Ref. 2 a new

,,,,,

approach of overall-local ‘interactive buckling load was proposed. This approach
assumes the two theoretical simple instability modes that couple in case of thin-walled

compression members, are the Euler instability mode, N = “\/,. and the local

124

instability mode, EL described by means of the reducing factor of area, N1 = Q. The

resulting eroded curve describing coupled instability mode is N(A, Y, Q) (see Fig. 1)
Critical load maximum erosion (due to both imperfections and couplmg effect) occurs

in instability modes interaction point.M (& =1/ \/_ ), where the erosmn factor (y) is

defined as:
y=Na-N=N.-N=Q-N 2.1)

where N(A =1/ \/—Q Q,v) is the interactive buckling load.

It must be emphasised that N1 = Q is not precisely the theoretical local buckling curve,
but it can be assumed ( in a simplified 'manner, of course ) as a level of the cross-section
local buckling mode. However, Winter formula for computing effective width and Q is
not a theoretical one because it was obtained in a semi-empirical way, modifying the
theoretical formula given by Von Karman on the basis of experimental tests. On the-
other hand it is nevertheless evident that, even using'Winter formula in Q computing,
the fact of not considering at all the interaction between component walls of the cross-
section, causes an under evaluation of the short member strength,

NzN/Npl B
1
_ Bar mstabllny mode:
Local instability mode: Ny=Q Q Ngure= /A7
Q N M
: » \\\ AN Coupled instability mode
1-v)Q ' o
. . \ N, Qw)
Y 0.5
- hz(QNpl/,Ncr) .
0 { 3
0o 02 . B T Ve o2

Fig 1. The Interactive Buckling Model based on the ECBL Théory TR

In order to obtain the interactive buckling curve N(A,Q,y)we have to start from the
Ayrton-Perry formula adapted for ‘the buckling of compression thinﬂwalled steel

members: , '
(Q-N)(1~A*N) =N (2.2)

where: n=o(k-02), is the generalised 1mperfect10n, N=N/ N, , is the relative
compression load; Q= A /A, the reducing factor of effective area; A= m ,
the member relative slenderness, N ol = Af , the plastic strength of full cross-section
and o is the imperfection coefficient.

Solving Eq. (2.2) in terms of N. and imposing. for N(?» =1/ \/_— Q) to be equal to (1-y)Q
(see Fig. 1.) it gives:

ﬁzlm(imo.zznoiz

; {7\][1+a(2~0.2)+qx2j2—4'Q5€2 =(1-y)Q - (2.3)

) 2% T | -

the following relation between o, \y and Q 'was obtained: . it
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This represents the new formula of “a“ imperfection coefficient which should be _.:s
introduced in European buckllng curves [3] in order to adapt these curves to overall-

local buckling,

3. EXPERIMENTAL APPROACH FOR THE EVALUATION OF y EROSION
FACTOR

There are three distinct approaches that can be used to evaluate the y Erosion Factor:

1. the analytical approach, that can be developed in the frame of the general theory of
elastic stability, having as main goal to compute the low of axial rigidity of the related
column in the vicinity of critical bifurcation point;

2. the numerical approach based on Finite Element (FEM) or Finite Strip (FSM) non-
linear analysis of the behaviour of thm-walled coiumns in the vicinity of critical

bifurcation point;

3. the experimental approach that is involving a statistical analysis of a representative

series of column test results corresponding to specified cross-section shape which are
characterised by means of Q factor in a slenderness range of interactive buckling; i.e.
the vicinity of the point A =1/ J- 6 (see Fig.2).
Due to the mathematical complexity of interactive buckling theory, the first approach is
too difficult to be used in practice, only in some special cases should it be used.
There are no special problems to perform a numerical simulation of the behaviour of a
thin-walled column in the vicinity of instability coupling point e.g. the critical
bifurcation point, if a FEM or FSM non-linear computer code is available, but always an
experimental calibration of the numerical model is necessary.
In these conditions, the experimental approach seems to be the most appropriate way to
evaluate the erosion factor.

N
1 .
\ . . . O-Experiments -
N,=Q
Q N,
é’oo o - -
P b®o \@’LEPUM
A
0 {
0 1/Q°'s-5 ”Qn.s I/QD'S+8 2

Fig. 2. Evaluation of \j Erosion Factor by means of experimental fests

For a given specimen series of test results, if the interactive slenderness range is

assumed to be A =1/Q" te, the experimental approach includes the following steps:
1. Compute the individual erosion for the i column spc<:1men

=Qi-

Nn LEXP
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(3.1)

E

Loy

.

where: Niexp = Ni,expr Ni, pl (B2
with Nj ¢y, - the experimental failure load and N; - the full plastic resistance of the “i”

column
2. Compute the mean value of y erosion factor for all n columns with the same cross-

sectlon shape, tested in the interactive buckling slenderness range:

m =EZ(Q1—Ni,exp) (3.3)
i1 L
3. Compute the design value of the erosion factor: ‘ :
Wg=Ynt2s G4 -

in which s is the standard deviation related to y; and y,, values. ‘
It must be underlined that, after the specimen series was established for a pledlcted..,,,
scatteting, y,, and s, respectively y, are calculated using experimental values within
this specified series.

There are two parameters that characterise the specimen series i.e.

- the scattering of experimental results related to the mean value Wy

VA:%%"JXIOO G

- the interactive buckling slenderness range, €.

Both parameters can strongly influence the value of y, as will be shown in this paper

In the aim to calibrate y erosion factor, an experxmental cold-formed steel sections data
bank (named DATACOST) is actually in progress in a combined research activity
performed by the Department of Steel Structures at T.U. Timisoara and the Centre of
Advanced Technical Sciences from Timisoara Branch of Romanian Academy (see [4 ]).
This database is used to calibrate the y factor and, on this basis, to obtain the new o
imperfection coefficient and a new classification of cold-formed steel section for the
stability analysis.

The  factor evaluation for some series of compression members (channel and lipped-
channel section) tested in Lidge University [5], are presented in the following. Several

interaction ranges (1/4Q \[_ t+e), as well as scattering values were proposed To study

crosion coefficient y, change. The related results are presented ‘in tables 1 to 3.
Regarding the interactive slenderness range, it depends on the experimental data at our
disposal, but, as well known, the interaction erosion is theoretically maximum in- .

coupling point A =1/ JQ. In fact, on the right hand of 1/,/Q, the theoretical value of . .
critical load will be given by Euler buckling curve, and, consequently, :

¥, =N~ ~Niexp; only in a very closed vicinity to A=1/ \/6 it can be assumed that

Wy =Q - Nlexp Consequently, if tests surrounding the coupling point are available
enough, a smaller interactive slenderness range would be better. Unfortunately, this is
not valid in our case, and larger € should be used in order to obtam the design value of

the erosion factor, v .

Tab, 1-Erosion coefficient .

100 lipped channel section tested in Liege

A 4 0% . 50% 0%
Inter. range Ypy s Wy W s Wy : W S _ Yy
1/Q%+ 0.15 0236 0039 0314 0234 0072 0378 0232 0099 0430
1/Q%*+ 0.20 0242 0041 0324 0248 0060 038 0239  0.097 0.433
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Tab. 1 (Cntd)

1/Q%+ 0.25 0245 0040 0325 0258 0070

49 channel section tested in Liege

/%1 0.15 0.425

Tab.2 Statistical Values Li

= 0249 0,043 0335 0261 0.080 0421 0247  0.089
1/Q™+ 020 0193 0038 0269 0208 0.068 0.208  0.068
Q025 0193 0.038 0269 0.185 0.062 0.198  0.069

4. COMPARISON BETWEEN NUMERICAL AND EXPERIMENTAL RESULTS

This chapter includes comparison of the results obtained by both ECBL and EC3 Part 1.3
interactive approaches with experimental results. Fig. 3 (a and b) show the comparison
between EC3 and ECBL buckling curves with some selected lipped channel and channel
secuon compression specimens, respectively.

N
1 iy e et e N

e e 1 \
\ s« BATISTA . L « BATISTA
0.8 — 081 . Ll
0.6 * N(y=0.398) 0.6 —-___3_,;\;_ NOwED336)\ W 1=0.309)
04T \A\A\\:‘\ . 04 7 e -
A eSO At e
02T N = \ 0.2 p Nc-EC3 eI
Qus7s] D % Q-0.618] 2
0 . . : 0 ! : : -
0 0.5 I, . L5 2 0 0.5 1 L5 2
a) b)

Fig. 3 Numerical experimentil comparative resulls

Tab. 2 shows the statistical comparison (according to EC3-Annex Z procedu.xe[6]) for
all xelated specimens tested in Liége.

m ) 1197 | 1.209 | 1.211 | 1.284 | 1297 | 1316 | 1371 | 1376 | 1.405
s - 10261 | 0201 | 0.204 | 0.204 | 0221 | 0225 | 0230 | 0245 | 0.247 | 0.255
m-2s | 0.879 1 0.795 | 0.801 | 0.803 | 0.842 | 0.847 | 0.856 | 0.881 | 0.882 | 0.895
v 0.187 | 0.167 | 0.168 | 0.168 | 0.172 | 0.173 | 0.175 | 0.179 | 0.179 | 0.181
p 1091310917 {0917 0917 | 0913 | 0912 | 0910 | 0905 | 0905 | 0.902
BATISTA's Lipped Channel Section (49 Tests)

m ] 1.547 1253 [ 1173 | 1.173 | 1.388° | 1265 | 1.219 | 1.396 | 1.265 | 1.254
s 0.197 | 0.131 [ 0.119 | 0.119 | 0.163 | 0.134 | 0.126 | 0.165 | 0.134 | 0.132
m-2s | 1.151 | 0.991 | 0.935 | 0.935 | 1.062 | 0.997 | 0.967 | 1.066 | 0.997 | 0.992
v 0.128 [ 0.105 | 0.101 | 0.101 | 0.117 | 0.106 | 0.100 | 0.118 | 0.106 | 0.100
- | 0818 [0.910 [ 0.927 {0927 | 0.860 | 0.906 | 0.919 | 0.857 | 0.966 | 0.910

128 s

In case of lipped channel tests, the best results for the ECBL approach; compared to

o EUROCODE 3-Part 1.3, are obtained for W4=0. 430 (A 70% and € =1015), y4=0.433
1 (A=70% and € = +0.20) and y;=0.448 (A=70% and & = £0.25). The correlation between

numerical and experimental results is very good (p > 0.9) both for EC3- Part 1.3 and
ECBL approach but the safety level is slightly unsatisfactory (the best safety level was
obtained for ,=0.448). In the case of channel sections safety level is good in all the
cases and the correlation between numerical and experimental results is very good for
ECBL approach with y=0.335 (A=30%, &==0.15); y=0.269 (A=30%, €=:10.20,
A=30%, &=1025); y=0.344 (A=50%, €=1020; A=70%, e=:+020); y4~0.309
(A=50%, £=10.20) and y;=0.336 (A=70%, & =+0.25). The best results were obtamed
for y,~0.344

5. CON_(;LUSIONS_

The ECBL theory is offering a suitable design model for thin-walled .members in
compression. In fact the Ayrton-Perry form of buckling curves, actually used in
Eurocode 3, is maintained, but a new imperfection coefficient, depending .on both
imperfection effect and coupled instability, is introduced.

The correlation between ECBL interactive approach results and the experimental ones is
very satisfactory and encourages researches in this area to be continued. The essentlal
problem is that of y erosion factor evaluation. :

.Taking into account that experimental results on’ interactive slenderness range are

interesting for y evaluation, only a relatively limited number of tests will be necessary.

* This s, in our opinion, the main advantage of the ECBL approach, because, on this way,

the European buckling curves could be very easily adapted for cold-formed section.
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ABSTRACT

In the past two years at the Department of Steel Structures, Technical University of
Budapest a parametric study is done on the effects of fatigue on railway bridges.

The West European proposals (i.e. Eurocode 3) on railway bridge construction were
used as.a basis of this study. The results of the study indicated that a part of the
Eurocode 3 proposals can be applied to Hungarian railway bridges.

1. INTRODUCTION

In previous years, West European fatigue examinations on railway bridges were
conducted using the UIC proposals on traffic types. In these studies, the ideal
(UIC) train loads were replaced with other load types. Different ideal loads were used
for improving the accuracy, for example, differentiation between passenger trains and ;
carriage trains. This differentiation of load types (4 - 12) depended upon the annual
volume of traffic on the railway lines.

The use of the differentiated load types result an accepted tools but more complicated
design procedures in the work. As a consequence, the UIC ideal load was used.

The following correction factor was included in the empirical analysis to compare the
calculated stress with fatigue allowable stress [1 ] [2 ]

A=Ay Ay (1)

where Ay : is a function of the span and traffic type
A, : is a factor to take account of the annual volume of traffic
A3 1 is a factor to take account of the design life of the structure
A4 : s a factor to be applied when the structural element is loaded by more than
one track

The X, , A3 and A, factors, however do not depend on load types or on the structure
elements . Thus, A; is the most important variable, and is a function of normal stress
or shear stress (i.e. A; can be dlfferentlated into Ay and Aq,). This study focussed on

the two factors.
2. FATIGUE DESIGN ASPECTS IN HUNGARY

The previously mentioned Eurocode 3 proposals for fatigue examination to be used in
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Hungary required answers for the following two questions:
- Due to differences between West Eueopean and Hungarian load types,

can the results of the calculation of A in the West European

proposals be used in Hungary ? .
- Can the West European proposals, which affirm :

Mo™ My . 2

be used in Hungary ?

Referring to the first question, the proposal of Forgdé Sandor for railway traffic types
was accepted, considering his study in railway traffic of the Hungarian railway

company (MAV) [3][4].
To answer the second question, Hungarian railway types were used in this study.

3. SIMPLY SUPPORTED BEAMS
3.1 Study on Aqg factor

The calculation of A4 was conducted on the center points of 3, 5, 7, 10 and 50 meter
span simply supported beams. The volume of traffic was 25 million tonne per annum.
As a result, Ay = 1 and the design life of the structure is 100 years (i.e. Az = 1). The

structural element was loaded by one track (i.e. A4 = 1). Therefore, A = A,.
In the study, the Standard S-N - curve (i.e. Wohler - curve) and Palmgren - Miner
cumulative damage calculation were used.

In the first step, influence diagrams were constructed for each load type , these

influence diagrams were used to calculate stress range (Ac;) and the load cycles (N;)
using the Reservoir method. Following this, the reference value of fatigue stress at two

million cycles (Ao,) was determined as :

38074+ LN A B

AO'e = "'—L—' 3
YN, V5
The Eurocode 3 proposal :

Ao
A= enle 4)
l B, Aoy,

was then calculated, where
Aoy : is the stress range due to the UIC load diagram being placed in
the most unfavourable position for the member under consideration.

¢y: is the dynamic coefficient.
1.44

h = —m=———+0.82, 1.05 < ¢y < 1.67) (%)
=L 0.82 ( 2
;: is the dynamic coefficient for each service train type.
¢; = 1+0.5(¢"+0.5¢") ' » "(6)
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- with K:—Iiw for L<20m
160
vV

K:W forL>20m

or

" <L
¢'=0.56-¢ '™
V = speed (m/s)

As seen in Table 1, the results of A in this study are similar to the Eurocode 3 results,
therefore, the Eurocode 3 proposals can be used in Hungary. '

Table 1. The values of A} 5

L [m] Type L Typell. | TypeIll. | TypelV. Mix .- | EUROCODE
3.0 1.63 1.61 1.39 2.19 1.68 1.36
5.0 0.88 0.92 0.76 120 o} 1.00 - 1.02
7.0 1.07 1.01 0.79 1.31 -0.96 0.94
10.0 ©0.79 0.62 0.68 0.93 0.75 0.82

50.0 0.59 -0.48 0.55 0.62 0.56 0.62
3.2 Study on A, factor
A, was determined as :
Az, = R/ZAI’?-H,.'Q a @)
YN, V5 :
The same method of calculation of A was used to calculate A .
To compare A}, with A, the following ratio was used :
a= A 8
A ®)

The results of this calculation are shown in Table 2. the values of o ratio are.not similar
to the Eurocode 3 results, therefore, the, Eurocode 3 proposals can not be used in
Hungary. e s ' ‘ :

Table 2. The values of « ratio

L [m] Type L Type IL : | Type IIl. | TypelV. Mix EUROCODE
3.0 0.60 0.76 0.60 0.60 0.68 1.00
5.0 0.98 1.28 1.03 | 0.86 1.06 1.00
7.0 120 | . 141 1.48 - 1.18 1.42 1.00
10.0 1.16 1.87 1.31 1.25 1.48 1.00
50.0 <{ 1.61 1.90 1.67 1.52 1.66 1.00
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4. ELASTICALLY SUPPORTED CONTINUOUS BEAMS

Tt is important to extend the previously mentioned study on continuous beams, because
the maximum moment and maximum shear force in continuous beams are applied in the

same Cross - section, =

The previously mentioned calculation method of A and Aj, was used here, too.
The results of the calculation of A, was conducted on the cross - section.of 3, 5 and 7,

meter span elastically supported continuous beams, as shown in Table 3

Table 3. The values of A

Type 1.

TypelV.

Mix *

L [m] Type 1. Type II1
3.0 4.1 2.12 2.50 4.23 3.41
5.0 1.66 1.00 1.13 1.79 1.45
7.0 1.28 1.14 0.96 1.31 1.05

During this study we calculated the ratio o for elastically supported continuous beams

also. As seen in the Table 4

Table 4. The values of « ratio

L [m] Type L Type Il | Type III. | TypelV. Mix
3.0 0.35 0.74 0.50 0.43 0.47
5.0 0.89 1.48 1.10 1.05 1.11
7.0 1.20 1.24 1.38 1.34 1.42

If we compare the Table 1 with the Table 3, and the Table 2 with the Table 4 we find a
big different between the calculated results, which means we can not use the results of
simply supported beams in the case of elastically supported continuous beams.

5, CONCLUSIONS

The results of this study show that the Eurocode 3 proposals for moment induced
fatigue in simply supported beams can be used in Hungary, but the proposals for shear
checking fatigue can not be used in Hungary.

The comparison between the calculated results of A); and A, in simply supported
beams and elastically supported continuous beams show that the ruselts of the
calculation in simply supported beams can not be used in the case of elastically
supported continuous beams. It means we have to do an independent calculation for the
continuous beams, because the Burocode 3 proposals for continuous beams have not yet
been affirmed.

The study on continuous beams is especially important in welded connections, where
normal stress has an interaction with shear stress.
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1. INTRODUCTION

Cyclic performance of structures is of importance’ when repeated loads in the inelastic
range are applied. Cyclic behaviour here assumes no high cycle fatigue damage to
occur. One of the main features of cyclic behaviour is its stability (Fig. 1). From
experimental point of view, the behaviour can be defined as stable when the initial
stiffness shown by each cycle is constant, and as unstable, when it is not. However,
exact mathematical formulation of stability is difficult to construct.

Another feature of the behaviour is the deterioration of strength during load reversals.
This deterioration means that, under strain controlled conditions, decreased values of
forces are related to the same displacement level while applying reversed loading (e.g.
see Fig. 1a). This process is due to several reasons, which are connected to different
phenomena such as instability or low cycle fatigue based damage of the structural part
concerned. The modelling of these phenomena is, as the most lucrative way, generally
based on so-called physical theory models [1], and can be processed using different

damage models [1] [2] [3].

In this paper, the idea of a multi-level approach for steel frame cyclic behaviour is pre-
sented, along with its realistic simplified form to be used in steel frame calculations.
Testing aspects are reviewed from the point of view of this approach. Description diffi-

~ culties of cyclic behaviour in relation with different loading programmes are empha-

sized.
2. MULTI-LEVEL APPROACH AND MODELLING ASPECTS

The multi-level approach assumes that the performance of the whole structure, or of a
part of the whole structure, should somehow be based on the performance of the
structural levels which are of lower order than the part in question. However, the
derivation of the performance of one level from the other should include the

. consideration of some "external" phenomena. These "external" phenomena can be of

two types: (a) those which could be incorporated into the derivation process with the
application of higher mathematical accuracy (e.g. P-A and P-3 effects of frames), and
(b) those which could not, referred to as "instability phenomena" {4]. Fig. 2 illustrates
the levels of the multi-level approach in the case of steel frames, assuming that the type
(a) "external" phenomena are incorporated into the derivation process.

No doubt, it is a long way to be able to track all the derivation processes represented in

Fig. 2. For the present, a simplified approach should. be used. The following

simplifications are proposed: : - g

e With the exclusion of Class 4 cross-sections [5], it can be assumed that instability
pheniomena in the inelastic range do not affect the behaviour of the cross-section.
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Fig. 1 Three types of cyclic behaviour

MATERIAL |~} - <

o SECTION fe- —-+ocalbuckling_ _ -

CONNECTING | _ __ _ ] . _ _Localbucking | 4 W

DEVICES A Zs
Lateral-torsional buckling | ()

MEMBERS Flexural buckling < 0

__________ G Z

CONNECTIONS : Sip ko
"

> I

STRUCTURE]| - L

Fig. 2 Multi-level approach. Idealized Sformulation

L What concerns the mstabxhty phenomena in the: plastxo range, it can either be taken

. dnto account explicitly [6], or should be referred to in the connection model [7].

° _The connecting devices—connections branch could be substituted with a simple
idealized connection behaviour. Four possible modes of formulation can be
established for the modelling of this behaviour:

(a) Rigid and pinned connections only; :

(b) Idealized semi-rigid connections with stable, heuristic behaviour;

(¢) More sophisticated idealized connection models- (so-called physical theory
‘models [1], with stable behaviour, and explicit inclusion of instability
phenomena, as in the case of the multi-spring type models such as those
proposed in [7] or [8].

-;(d) Analytical connection models (so called phenomenologlcal models [1]) based
on . parameters --determined: via -tests, taking . instability and slip‘"into
congideration [9]. T :

This simplified model is illustrated in Fig. 3.

A Very wide range of mformatlon as well as many good pledlctxvc models, are already
available concerning material behaviour [10]. However, it is anticipated that a relatively
simple constitutive law [11] will ensure satisfactory results. From the material
behaviour, which can be assumed to be stable in principle, the section behaviour can be
derived according to the first simplification given above. The second simplification
implies. that there is no explicit.connection between material and connection level,
instead, connection behaviour is considered on the-basis of available test results. An
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Fig. 3. Multi-level approach. Simplified Jormulation -

interesting point of the approach can be the derivation of the member behaviour, for
which a few models are already available [6]. It should be noted here that, according to
the approach, the instability of the cyclic behaviour of the whole structure, when

relevant, should arise primarily in this level.

3. TESTING ASPECTS

From the structural levels given in Fig. 2, only® Whole structures, members or

connections separated, and certain connecting devicés separated can be tested. In the

context of the above described multi-level approach and its simplified version illustrated
in Fig. 3, the role of the different tests of structural levels can be the following:

» Separated connection tests can serve as the basis for the derivation of the idealized
connection behaviour;

o Separated member tests can provide predictive models for flexural and lateral-
torsional buckling effects;

o Whole structure tests can serve as tool for the justification of the multi-level idea
and the model simplifications applied in the simplified approach, and can show
applicability limitations for those.

Separated connecting device tests, as connecting devices are not considered as ‘an

independent level in the simplified multi-level approach, are of no use in this context. It

should be emphasized here that full scale tests are of relevant importance.

4. DESCRIPTION OF BEHAVIOUR

The behaviour of steel frames under cyclic loading should be described using the
governing cyclic parameters as recommended in the ECCS Recommendations [12]. The
following parameters are defined :

o partial ductility (j1y), defined as the ratio of the total deformatlon in one direction

and the yield deformation;

full ductility (1), defined as the ratio of the total deformation within a half cycle and

the yield deformation;

o full ductility ratio (y), defined as the ratio of the total deformation within a half
cycle and the overall deformation difference of the cycle with the yield deformation
subtracted,;

o resistance ratio (g), defined as the ratio of the resistance and the yield resistance;

o rigidity ratio (&), defined as the ratio of the tangential rlgldxty observed at the
beginning of the cycle and the initial rigidity;
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» absorbed energy ratio (1)), a ratio expressing the absorbed energy of a half cycle in
terms of area of the characteristic curve.

These parameters are defined for each cycle, thus can be treated as functions of the
number of cycles. Further, for a given structural part, the parameters are obviously
functions of the loading programme (e.g. constant force, constant deformation, etc.).
This means that if the cyclic behaviour is to be described using these parameters, either
their behaviour under different loading programmes should be known (and this implies
transformation rules established), or every structural part should be described under the

same agreed loading programme [12].

Figs. 4 to 6 show the variation of these parameters for the three types of behaviour given
in Fig. 1. These are the three typical behaviour types of steel beam to column connec-
tions (a welded connection, a bolted end plate connection and a shear bolted connection,
respectively), and are taken from the literature [9] [13].

5. CONCLUSIONS

Idea of multi-level approach presented can be useful for calculating steel frames under
cyclic loads. The sophisticated rules incorporated, however, make it suitable only for
use in research, e.g. in future Monte Carlo simulations. For the calibration of these rules
(of which a few have already been established only), separated structural part tests are
needed. Another difficulty is in relation with the description of the cyclic behaviour,
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which can be described via parameters which are functions of the number of cycles, and
depend on the loading programme applied. Transformation rules between different
loading programmes would be needed.

Consequently, the following open questions should be answered:

« What is the connection between/among the different levels of structural cyclic
performance?

o What are the relations within one structural level and in case of one given
configuration, between/among different test programmes?

« How does the sensitivity of the different governing cyclic parameters look like and
how does it influence the frame behaviour?

» How is described, or, how can be read, stability or instability of cyclic behaviour
by/from these parameters?
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1, INTRODUCTION

Among the problems that have threatened freshwater worldwide over the past two or
three decades, man-made eutrophication has been the most prominent. Eutrophication
literally means "rendering rich in nutrients". Although some lakes are naturally rich in
nutrients, the term eutrophication is usually taken to mean the unintended enrichment
by human activity, which leads the ecosystem of lakes, rivers and sea bays to change.

The Réckeve-Soroksér Danube is only one case among others where the water, which
has turned into a sickly green "pea soup" give rise to aesthetic and recreational

interferences.
2. THE MODELING APPROACH

Obviously, the approach must cope with the characteristics of the problem, such as
complexity, interdisciplinarity, and uncertainty. In addition, the approach must
overcome the constant conflict between the need for scientific thoroughness and
understanding, and the necessity to extract and provide information that can be
employed at the policy making level. Thus, the scientific problem arises as how to
integrate system processes that essentially differ on temporal and spatial scales such that
the final result not only provides insights, but can also be used as a tool for decision

making [3].

The water quality model building procedure has an outstanding role in the management
practice constituting the basis of optimization and the eutrophication control models.
Depending on the character of the problem, there can be any number of combinations,
and this fact is well reflected by the large number of water quality models described in
the literature. Our work does not focus on a development of a new version of
eutrophication models but on the applicability conditions and limitations in the case of
Rackeve-Soroksédr Danube study.

3. BACKGROUND OF THE RACKEVE-SOROKSAR DANUBE WATER
QUALITY PROBLEM o

The 58 km long Réckeve-Soroksar Danubian riverside is the second largest branch of

the Hungarian Danube stretch. It is situated at the south part of the surrounding areas of

the Capital, at the Isle of Csepel. The meandering channel is regulated by gates. Danube

branch sector is one of the most dynamically developing recreational region of the:
country: the 3-400 m wide open expanse of water, the wildly romantic banks and:
quickly warming water entice hundreds of thousands of people seeking rest and -
relaxation at summer week-ends. -
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3.1 The "symptoms" in water quality
Water turning into mucous and becoming odorous because of the huge amount of algae
can only deter bathers. Due to bacterial contamination virtually the most part of the
Danube branch are unfit for bathing. Repeated occurrences of fish and shell-fish dying
on a large scale, algac blooming changing the color of the water surface indicate that
the Danube branch has reached the limit of its ability to absorb more [1].

The "diagnosis" is well-known: the eutophication. The situation is typical in rivers and

lakes in the urban areas. What can we do to face future problems ?

3.2 The Reasons

At first sight it should be sufficient to concentrate on the watershed, its processes, and
the ways in which they are influenced by human actions, in order'to select the best
management practices. Let us to see what is the situation in the Réckeve-Soroksar

Danube,

The Danube is a natural recipient of drain and excess surface waters from the related
metropolitan sector and areas along the branch. It is the recipient of the second largest
wastewater treatment plant of Budapest, which loads the Dainube branch with 75
thousand cubic meters biologically treated waste water in every day. The majority of
settlements surrounding the Danube branch are lack of sewerage and apart from point
sources of the capital diffuse loads from surface and subsurface waters a fact which
cannot be ignored when considering features determinant on water quality.

The situation is aggravated further that the quality of Danubian influent at-the upper
lock of the branch has been found to be unsatisfactory - and taking the prospects of
infrastructures improvements in the metropolitan areas into consideration - more
significant upgrading cannot be expected in the near future, either. '

Othet’ reason of water quality deterioration is derived from the special hydraulic
conditions. Due to sluicing there is a slowdown in the flow rate of the danube water and
it causes the sedimentation of the majority of suspended solids, the light intensity is
increasing and a result of which is ongoing nutrient loads providing favorable
coniditions for biological production in the quickly warming water. '

Neither the large numbers of external nutrietit sources nor the role of the internal loads
can be neglected. The considerable amount of sediment which is most likely to have
settled on the river bed storing up large quantities of nutrients because of the high
content of surplus of inorganic nutrients in the water.

3. APPLYING WATER QUALITY MODELS

3.1 The Vollenweider model )

The core of this model is the OECD indicated study in the early 19705 to classify the
lakes regarding their eutrophication level [3]. The result of this survey was a statistical
model which gives a relationship between the phosphorus loads (as a normalized annual
total P load) and the lake trophic status.
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As the Réackeve-Soroksér Danube is considered, it can be established that eutrophication
processes are not limited by nutrients, the internal loads exceed the level which' is
enough to provide the biological processes. It means that the trophic status of the
Danube branch depends only on the meteorological and hydrological conditions.

3.2 Simplified algaé—ixhosphorus model

The largest group of water quality models means the dynamic models. These models
based upon mass balance. considerations, mostly in the form of differential equations,
with time as an independent. variable. There are various terms in the ‘mass balance
equation from a slightly different point of view: (a) hydrological and hydrodynamic
transport terms; and (b) terms related to physical, biological and chemical
transformations [3]. Since the time scales of these terms in most cases are different,
most of dynamic models are ecology-oriented with simplified or completely ignored

water transport.

The model applied for the Rackeve-Soroksér Danube uses two variables: the algae
phosphorus (AP) and the inorganic reactive phosphorus (IP). Consic%e_ring the
hydrodynamic terms a simplification is sought by analyzing steady state conditions only
[2]. For the model calibration the results of a one-week measurement data was used (see

Fig. 1).
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Fig.] Result for AP-IP model: comparison of simulation with measurements

Chl-a [mg/mz]

3.3 Model for eutrophication effects on dissolved oxygen

During photosynthetic cell synthesis, algae produce dissolved oxygen, whereas algal
respiration consumes oxygen. The time variable rate of photosynthesis produces a
diurnal variation of dissolved oxygen. The model is basically an expansion of the
dissolved oxygen balance to include algal effects, taking into account not only spatial
variations, but also temporal variations of dissolved oxygen concentration [4].

4. CONCLUSIONS

The paper gives a brief survey of the Réckeve-Soroksar Danube, the major sources of
nutrient loads and its impact on the water quality considering that special hydraulic
conditions are in the channel because of the inflow-outflow regulation. The introduced
three ecology-oriented water quality models serve as basic tools of the decision making

processes.
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-1, THE PHENOMENA OF DEVIATION

1.1 The discharge rate curve

It has always been an important duty of the Hydrology to define a useable and 'adequate
discharge rate curves for the rivers.
Certainly, it has been done by cross-sections and the velocity of the flow is supposed to-

be steady and uniform. . .
Accrediting the discharge rate curve of each significant cross-section of the river made
the direct measurement of discharges superfluous. Using the discharge rate curve, the
discharge time series can be generated from the stage series.

1.2 Historical records of deviation from the discharge rate curve

Although, the validity of using discharges derived from stage series by the discharge rate
curve had been questionned in 1895, it has still been often applied.

By measurements of Samuel Hajos, it has been proved, that regarding with the rivers
with small slope, a significant deviation of discharges from the discharge rate curve -

might occur.

The falling branch of flood wave discharges might exceed the expected values, -

furthermore, in rising branches discharges are often less, than the ones derived from
discharge rate curve [3].

2. REASONS OF DEVIATIONS

2.1 The slopes

Those measurements in 1895 have confirmed the importance of the loop-curve of
discharge rates (hysteresis curve), which are to show the coherence of adequate stage

seies and discharge time series.

The difference of rising and falling branch is shown clearly and it has been described as a .+

consequence of changing slopes (see Fig. 1.) [3].
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Fig. 1. The flood-loop (hysteresis) curve of viver Tisza at town Szeged 1970

Though, in this theory some phenomena remained still unexplained and requires further
investigations (for instance, the existence of similar characteristics in rising and falling
branches of the flow has not been explained yet) [2].

2.2 Rising and falling of water level

Characteristics of behaving of the river are strongly influenced by conditions of smaller
rivers and streams of the catchment area. Values of rising and falling of the water level
can be caleulated by theories of Benedek (1935) and Salamin (1948) [1].

In.these methods the procedure of calculation is based on the slope of the water level.
Difficulties and mistakes of the calculation at those points, where smaller streams or
rivers join the main river, might indice discordances of these theories.

A theory by Vagés (1984) [2] gives a possibility to transform the water levels into
various states of rising or falling condition for the given value of discharge.

The calculation proceeds upstreem along the flow. It occurs as a concordance of the
method, that in case of water-inflow, the characteristics of the other branches can be

ignored.
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3. CALCULATION OF RISING AND FALLING WATER LEVELS

A water level regarded with its adequate discharge at the affected part of the river is

concerned as "0" ordinate, as it is shown at (Fig. 2.) [2].

Ki -  position of the cross-section
yi oo vertical coordinate of the water levels
ia - slope of the "0" line (standard water level)
i« - slope of rising water level
dxi - distance of cross-sections
y : The rosen water
e Xpp fevel
e A
la-B e s (g . ﬁ ‘The standard
T""‘"ﬂ -l Yuv1 water lsvel
S T - w
Yo T v
. aw BT it [
Yook Ha et . )
A

Yt by B oy = Yor* L g

Fig. 2. The rising and falling water level

Between K and K+1 cross-sections, vertical coordinates are as follows

yk+id*Axk+l.‘:yk+1+ia*Axk+l (1?

Using the equation of rate of slopes and discharges

) 2
oo _Ge )
ia Qi)

Qe - discharge of standard level

Qa(y) -  discharge of swelled water level at yk.

Replacing Eq. 1 into Eq. 2. :

yk+l=yk+['l,_q"1]*ia*Axk+l (3)
ld
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With the notation of

i *Axpar= Aya,kﬂ (4)

Eq. 3 turns to be renaming ;
yg;”yk 5)
a o _1
Qu(yy)

A ya,k+l =

Let us satisfy the next equation by definition of the adequate parts

=y11~y0 (6)

Y= Wi "

Generating values for k=1;2;3...n we can summarize as follows:

 n” y()* Q2 -1 7
Vo™ h Z[Qd(yk) 1 @

Eq. (7) needs iteration (varying Qa) , while yan approximates its real value.

Using this method, we have to make restrictions. Only those coherences of Qd (yk) can be

considered, where the slope was nearly equal to ia, furthermore only those discharge
measurements can be considered, where the difference of height at the examined cross-
sections was close to yan [2]. S

CONCLUSIONS

Actually the widely used measurements of discharges are often false, as a consequence of
calculation without considering special conditions,

Using the method, mentioned above, data series can be corrected and further developmg
of the theory gives a chance to enlighten other, non-solved problems.
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1. INTRODUCTION

In connection with a study concerning the hydraulic béhaviour of perforated drain pipe
systems, it seemed to be necessary to deal with the hydraulic resistance of small blunt or
dull edged orifices (Fig. 1/a) simply drilled into a plate (e.g. a wall of a pipe).

L%:z;u ~m4g;ﬂ,g

‘
Fig.l . a)Blunt orifice b)Sharp-edged oriﬁce”

In the literature available hardly could be found anything more than that the head loss

Y ——— are constant, or,
A\/Zglq \/ﬁ gh,

exceptionally, that this statement is true for Re= -—Vﬁf 4000 [11, " where Q is the
v

. 2gh
factor ¢ = ——-= and the discharge factor n =

dlsc,hdxge and V is the mean velocity through the orifice, 4 is the cross sectional. area,
and d is the diameter of the orifice, /1, is the head loss caused by the orifice, g is the
intensity of the gravitational force field and v is the kinematic viscosity. .

For sharp-edged orifices (Fig. 1/b) many data are available from very low up to very high
Reynolds number, but in our case it was necessary to have reliable information for low
Reynolds number values, because in practice the orders of magnitude of the orifice
diameter and the wall thickness are the same, and so the orifice cannot be considered as
sharp-edged. For practical reasons we decided to accomplish a hydraulic experiment
series on blunt edged orifices with 3 mm of diameter each. The experiments were carried
out at the hydraulic laboratory of the Department of Hydraulic Engineering of the
Technical University of Budapest.

2. LABORATORY SET-UPS AND MEASUREMENTS

Three laboratory set-ups were used for determining the head' loss atid the dischaige
factors.of the orifices. The Reynolds number ranged between 90 and 7250.

At our lowest Reynolds number regime, from 90 up to 1000, the laboratory set-up
shown in Fig. 2 was used. -
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Fig.2  Set-up used for Reynolds number Re = 90 to 1000

It consisted of a flume with a series of cross wall plates in it. The thickness of plates was
1.7 mm. Each plate had a 3 mm diameter blunt edged orifice. The plates were fixed 4.5
cm apart in the flume. The orifices were arranged along two axes alternately. The flume
slope could be changed. There was continuous constant level overflow at the upstream
end bucket. The discharge was determined at the outflow end of the flume by means of
volime and time measurements. The piezometric head and water temperature readings
were taken at the first (upstream), the middle and the last (downstream) buckets. The
total head loss of the series of orifices is equal to the head difference between the first
and last bucket water levels, This, divided by 59 (the number of the orifices), gives the
head loss caused by one orifice. The middle piezometric reading allows checking the
uniformity of the head losses. The kinematic viscosity for each set of readings was
determined, on the bases of averaging the water temperatures measured in the upstream,
middle and downstream end buckets (stating at the same time that the temperature

difference were insignificant).

For higher Reynolds numbers up to 7250 two laboratory set-ups shown in Fig. 3 and
Fig. 4 were used. In that in Fig. 3, a 50 cm long PVC pipe with 4.65 cm internal
diameter and 1.7 mm wall thickness was used.

ZNI

illll]lﬂ}])l

Fig.3  Set-up used for Reynolds nmber Re=1000 to 7250

Three circular blunt edged orifices of 3 mm diameter each and 10 cm apart, were drilled
through the pipe wall. The pipe, which was closed at one end, was placed inside a tank
filled with water. The water in the tank was kept at constant level. The flow rate,
through the three orifices into the pipe, was controlled by a vertically adjustable overflow
pot. Two piezometer tubes allowed the measurement of water head in the tank and inside
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the pipe. Precautions were taken to prevent air trapping in the pipe and the connected
tubes. The head loss through the pipe (between the orifices) could be neglected. Each set
of readings consisted of volume, time, water temperature and piezometric level readings.

The laboratory set-up shown in Fig. 4 was also used for finding the discharge and head
loss factors for the Reynolds numbers range from 1000 up to 7250.
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Fig.4  Set-up used for Reynolds number Re =1000 to 7250

The orifice was drilled through a PVC plate of 1.7 mm thickness. A constant head above
the orifice was accomplished by an overflow pot. Fach set of readings concerned
volume, time, temperature and piezometric head measurements.

3. CONDITIONS OF SECONDARY IMPORTANCE

Three conditions of secondary importance were also checked :

a-In the set-up shown in Fig. 2 the flow through the channel is exposed to the
atmosphere. The total surface area exposed was 1062 cm?. The evaporation from this
surface was calculated on the basis of measurements in an evaporation pan, and it was
found negligible, with the exception of the lowest discharges, for which we corrected
the directly measured discharge data. (Maximum evaporation = 0.00374 cm¥/sec, i.e.
less than 1.8% of the minimum discharge applied.)

b-In the same set-up, shown in Fig. 2, the change in the water temperature between the
first and the last bucket was in the range of 0.2 to 2°C. In this narrow range the
viscosity of the flowing water could be substituted by that belonging to the average
temperature.

¢-The thickness of all the plates and pipe walls, through which the orifices had been
perpendicularly drilled in the laboratory set-ups, was uniformly 1.7 mm checked
carefully. The orifice edge was left blunt, not made sharper, in conformity with the
practice in such cases. -
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Fig. 5 Discharge factor 11 and head loss factor ¢ of an orifice, and drag force factor
Cp of a sharp edged disc as functions of Reynolds number Re
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4.DISCUSSION AND RESULTS

As expected, the laboratory results show that the discharge factor u and the head loss
factor  are functions of the Reynolds number Re, as it can be seen from the graphical
presentation on log-log paper (Fig. 5). On the basis of a little extrapolation which must
be yet checked for Reynolds numbers smaller than approximately 60, the head loss factor
¢ is changing with the Reynolds number according to the equation § = 300/Re and
consequently for the same range of Reynolds numbers the discharge factor w is changing
according to the equation L =0.0577+/Re (since p =1L ). For higher Reynolds
numbers, up to 1700, the head loss factor & is decreasing with milder slopes, and finally it
becomes constant (1.93) for Reynolds numbers higher than approximately 1700. It is
worth mentioning, that the graphical shape of the relationship between { and Re is of
mote or less similar character to that between the drag force factor Co=2Fp/(pAV?) and
the Reynolds numbers Re for circular discs (Fig. 5) based on measurements of
Schmiedel, Simmons, Dewey and Wieselsberger, [2]. This similarity is obviously due to
the reciprocal character of the stream patterns around the disc and through the orifice
respectively. As for the discharge factor , it is increasing with very mild slopes for the
range of Reynolds numbers between 60 and 1700, and it obviously becomes also
constant (0.72) for Re>1700 (Fig. 5). The relationships between the discharge factor p
and the head loss factor & on one hand and the Reynolds numbers Re on the other hand
could be approximated with straight lines in the log-log network of Fig. 6 and the p-and

¢ values can be obtained from the following equations:

L=0.0577Re”  and {=300/Re for Re< 83
w=01972 R and {=2572/Re**™ Tfor 83 <Re<170
w=04277Re® and {=5.466/Re"™** for 170<Re< 1600
p=072 and (=193 for Rex1600

(still to be checked)

5. CONCLUSIONS

In the literature, many data are available concerning sharp-edged orifice from very low
up to very high Reynolds number. In our case even though the orifices are of small
diameters and thin edges but, the orders of magnitude of the orifice diameter and the wall
thickness cannot aflow the orifice to be considered as sharp-edged once. The change in
head loss and discharge factors at low range of Reynolds number (less than 1700) is
considerable and cannot be neglected in any practical application. For Reynolds number
range less than about 80 more laboratory investigation has to be carried out.
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1. INTRODUCTION

Water is one of the most important lifelines for the Netherlands. In addition to the well-
known program for flood protection Dutch water policy consists of two main subsectors:
water supply and ground water protection and surface water quality management. The
‘protection of the water quality is in the focus of interest since 1970, when the Pollution
of Surface Water Act become operative. It has resulted in clearly demonstrable results
for a number of substances. .

* In 1985 the memorandum "Living with Water" has added a new dimension to water
management policy of the Netherlands. It bas emphasized the integrated care for the
condition and use of the water systems, comprising the media water, beds, and banks
and shores with their physical, chemical and biological components.

2. THE PHOSPHORUS IN MUNICIPAL SEWAGE

One of the substances receiving much attention in the water quality parameters is
phosphorus. It is an essential component of organic substances. It is used as a fertilizer
in agriculture in washing powders, as an additive to cattle fodder and as phosphoric
,, 4cid in many industrial applications. The environmental effect of phosphorus is well
known it conlnbutes to the eutrophication of-surface watere Cin

Phosphorus problem flOWS are:
o] Agriculture related flows;
-2 Waste water from households, which reaches the surface waters as effluent from
waste water treatment plants ‘
3 P ore industry.

The P load of surface waters in 1986 on the level of the European Community is shown
in Table 1 [G. Huppes e.a. 1992].

as a %" of the total loa

Origin of surface water P load

agriculture 91 S 13

households 505 |. ' 73

P ore industry 100 | | 14
Table 1
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" The main source of phosphorus flows within the Europgan Community is tlie import of

phosphorus ore. For the most part this P ore is being transformed into fertilizer and
used in agriculture. In arable soils, problems arise when soils become saturated with
phosphorus. Any additional phosphate dosing will then almost entirely be lost, and will
burden ground water and surface water in large quantities.

The P load of the surface water results mostly from household water. This emission can
not be prevented on its final origin, but 1t can be tracked back to agriculture and so to

the import of P ore.

The biological waste water treatment reduces the P concentrations by 35%. Techniques
are available for dephosphatizing the sewage water with up to 90% of the original
concentration. The results of those techniques in terms of substance flows however are
different. Any reduction of phosphate in.sewage water will result in an equal increase
of phosphate in sewage sludge. This does not mean dephosphatizing is useless from
environmental point of view: the phosphate flow in question is being concentrated and
therefore easier to dispose of. Possibilities to recycle P from sewage sludge are being
mvestlgated this could lead to diminished demand for P ore and so to a reduced

economic mﬂow of P.

The P load from waste water treatment.plants can be calculated from discharge and P
concentration of the effluent. The majority of waste water treatment plants in the
Netherlands measures the discharge continuously. The recommended fréquency for
med‘;urmg the P concentration for plants of 10 000 - 100 000 population equivalents

s 56 times a year. In case if measured data are not available, the Dutch

recommendation is to calculate with population equivalents and P production of 3.5 g
/ d / capita + the industrial production [Steenvoorden 1984]. The accuracy of the P
load from sewage effluent is important by constructing P balance studies, because it
reduces the errors of the diffuse P sources.

e

3..... THE DUTCH POLICY TO REDUCE THE PHOSPHORUS LOAD

The Pollution of Surface Waters Act(1970) distinguishes between pational surface waters
(the main rivers, the North Sea and the Waddensea) that are managed by the national
government and other waters under the responsibility of sub-national level governments.
This has created three levels of the surface water management: national, regional and
local. Table 2 shows the levels, roles and actors involved into management of surface

waters:
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Actors

level .- Role

M{nistry of Public Works
Public Works Agency
Ministry for Environmental Protection

National level | Management

Union of Waterboards

Interprovincial Consultation
Association of Dutch Municipalities
Public Works Agency

Ministry for Environmental Protection
Association of Industrics

Consultation

Provinces
Water Boards

Regional level Management

Industries
Farmers
Municipalities

Consultation

Local level Management | Municipalities (responsible for sewage system)

Waste Water Treatment Works

Production

Table 2

The legal basis for water quality parameters lies in National Environment Policy Plan
(NEPP-1), published-first in 1989, when the environmental awareness was at its highest

level in the Netherlands. Based on NEPP-1 the 3. National Policy Document on Water .

Management(NPDWM) has been published [Ministry of Transport, 1989]. NPDWM

formulates the goals for Water quality managers for the period 1990 - 2000 with interim

goals 1995,

In its Package 2 (Nutrients) sets the following:

Final goal:

- decrease the emissions by households, industry and agriculture into surface water

_ down to 75 % for phosphate and 70 % for nitrogen relative to 1985

Interim goal 1995:

- -decrease of phosphate and nitrogen emissions from various sources to at least 50
% relative to 1985 : :

Policy:

- - complete replacement of phosphate detergents before 1990;

- dephosphating the municipal waste water to an average reduction efficiency of
75 %:;

- halving phosphate discharges from the fertilizer industry;

- stimulation of new techniques of phosphate and nitrogen removal.

NEPP-1 was generally seen as well-researched document aimed at achieving sustainable
development in the Netherlands within a generation. A reduction in emissions by 80-90
% was seen as the way to achieve that. It has suggested economic and market oriented
instruments. The environmental groups advocated most for increasing the prices (by tax
and levy) for the use of the resources and the emission of polluting substances. However
the implementation deemed to be more complex, the polluting industries and the
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industrial groups in general were against the economic instruments. Their arguments
were based on fear that extra (eco) tax will make the Dutch products more expensive,
and $0 less competitive on the international markets.

The report of RIVM [RIVM, 19937 has shown that aims in NEPP-1 cannot be achieved
within the proposed time. At the end of 1993 National Environmental Policy Plan 2
(NEPP-2) was published. It focuses on the ’intensification -of - 1mplementat10n

supplementary measures in cases where the aims can ‘not be achiéved’. Its preparation
was marked by the same disagreement about the economic instruments as by NEPP-1.

The new financial policy instruments are studied on the level of the European
Community, because on this way the legislation can be harmonized. Two instruments
seems to have chances to be applied in practice incase of phosphorus:

- emission taxes;

- security deposits on hazardous substances.

Functionally the two instruments are quite similar: the substance deposit is another way
of applying an emission tax. Administratively, however, there is a big difference.
FEmission taxes are based on direct measurement of emissions. The substance deposit is
based on the measurement of economic inflow of a substance into a country (region)
either by import or by primary production. There the deposit is paid. The outflow of
the substance should be measured as well, either through export or acceptable disposal.
There the deposit is refunded. Any amount lost in between (emitted somehow) implicitly
is paid, as no refunding can take place. It functions as indirect emission tax. According
to [G. Huppes e.a. 1992] after application of substance deposit the phosphorus emission
can be reduced by 30 % between 1986 - 2000.

4. CONCLUSIONS

The reduction of phosphorus emission needs not only technical methods but economical
- financial instruments as well. This instruments could be applied only on the level of
cooperating countries and for pollutants which have well described balance flows. On
this way the "polluter pays” principle can be implemented. Phosphorus can be accounted
in the municipal sewage only if we could measure its amount from entering into the
municipality (from agriculture) up to the effluent of waste water treatment plant.
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1. INTRODUCTION

The usual problem with the flow regime of a stream is that in a few times it is too much and
- makes flood, and for a long time it is too little and there is fio enough water, Instead of the
- adaptation. of demand to the random process of water supply, the transformation of the
water regime by storage has proved to be a reasonable solution. This is the only way to
..achieve a proper development of limited water resources available on the continents and
= islands, or the individual regions and countries. However, due consideration must be given
;:to.an ever increasing demand, and the control of losses from harmful aspects of waters [2].
.- With -constructing a reservoir we can control the regime of the stream, reserve water for
- drought period, decrease damage of flood, use the energy of water for producing electricity
- and-many another purposes such as recreation. ”

As an example the present exercise is carried out to show how water is distributed over
space and time in the Tabarrok Abad Basin, (one of the river basins in Iran) after the
construction of a reservoir across the Atrak river. R

. 2, DESCRIPTION OF THE STUDY AREA
2.1 Location

.The study area (Tabarrok Abad catchment) is the upper part of the Atrak river, the
catchment area is about 600 km? The average slope of this part of the river is'1.455%,
average slope of catchment area is 1.7% and the average elevation of catchment is 1896.0 m
above sea level. The main features of this part of the river are the considerable slope which
goes up to 90% and the concentration time, that is 7.35 hours, Anothér important thing is
that, there are favourable climatological and lithological conditions for forming high flow
(huge amounts of precipitation, long period of snow cover, recharging from melting snow,

‘rather small possibilities for infiltration, etc.). R
2.2 Climate
The most important from the hydrological point of view is the amount of precipitation and

its distribution in time and in space; the little rain is restricted to winter months, and in
summer the amount of precipitation is close to zero. Because of the extreme variability of
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rainfall in space and time, every year some days Tabarrok Abad experiences flood while in a
long time suffers from drought. In the study area the average of precipitation is
334 mm/year, the average temperature is about 10 °C, the average specific runoff is
1.57 I/s per km? , and mean discharge is 0.94 m’/s. o R

The main characteristics of the area are high and violent rainfalls and big runoff coefficients
that cause sudden and rapid water rises, For example while the maximum flood in 1971 was

* only 0.940 m*/s in 1972 it was 125'm%s (133 times tnore, just after 1 year), the minimum

discharge in 1975 was only 0.020 m*/s ~while in 1973 it was 0.530 m’/s (26 times more).
Every year just in some days the area experiences floods while in a very long time especially
in irrigation season there is not enough water for agricultural purpose, and farmers suffer
from drought. Generally big floods in this area are because of snow melt, especially after
some hours raining. The big floods usually occur in May and some floods with probability of
30 to 50 per cent may occur in April or June. When the flood occurs, after some days the

" regime of stream is decreasing. In September discharge is very low and it is the lowest

amount of discharge in the year, from October till next May discharge is jncreasing (Tab. 1).

Tab. I Characteristics of daily discharge data (im’/sec) for Atrak river
in Tabarrok Abad station (first year 1963 last year 1989)

3. NEED FOR STOCHASTIC MODELS

River flow is considered as a random process, the appropriate word for this is stochastic. It is
a function of precipitation and related factors which seem to evolve randomly in space and
time. Even if the basic phenomena and their interaction were thoroughly understood, it
would not be possible to describe mathematically the rate of discharge in a normal water
course without involving unsystematic or unknown effects [1].

As is well known the water flow characteristics in a river at a particular time and place are
principally caused by rainfall over an antecedent period and numerous hydrogeological,
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climate and human induced factors. These elements can be analyzed as a system through
- stochastic models, which canstry to explain the patterns and factors affecting the water flow.
Mathematical model building is obviously of little importance when considered without

. empirical evidences. e

4. HOMOGENEITY TEST FOR TWO SAMPLES OF SAME POPULATION

A special type of goodness of fit test derived by Smirnov can be used to determine whether
two samples of data are from.the same population or not and also to analyse whether they
. are identically distributed. From the analysis it appears that the homogeneity of the time

series are uncertain; mainly because of the observed wet and dry period in the observed data,
- before 1977 there was a wet period and from 1977 there is a dry period. Because it is

possible that in the next future the wet period or dry period or both occur, the whole
~available data (from 1963 till 1989) was used for Reservoir Computation.

5. DISTRIBUTION ANALYSIS

" The goodness-of-fit test is required in order to ascertain whether a theoretical distribution

“canbe fitted to the observed distribution through a set of measurements. The fit is generally
-determined by means of a criterion which depends on the differences between the observed
and theoretical density functions or distributions [1].

Among the two ‘most widely used tests of this kind one can mention the Chi - squared and
Smirnoy-Kolmogorov the second is more sophisticated in analysis than the first one, The
distribution analysis is carried out for annual discharge data from 1963 till 1989, using the
Smirnov-Kolmogorov fitting test. As the catchment area is about 600 km?® the best
distribution type for annual maximum can be Gumbel, Frechet and Log-Gauss. The Gumbel
distribution type does not fit the base data series, the Frechet distribution type fits well to the
base data-but the’ discharge for return times more than 20 years seems to be very high. The
Log-Gauss distribution type fits well to the data, Dy, (maximum difference of the empirical
and theoretical distribution function) is 0.057 and Py (indicative, probability of the fitting

- .test) is1:000, considering 30 and 70 % as significance levels, as it can be seen in Fig. 1 the

chosen distribution function fits well to the base data series. Because the range of available
data (from 1963 to 1989) is short, it is not true to extrapolate return time period 3 times
more hence, we can try to use the method of Todorovic and Zelenhazic for short time series,
however the hypothesis of the exponentiality is not realised for any one of the base discharge
levels. Therefore we choose the Log-Gauss distribution type for maximum distribution.

For determining the minimum value also Frechet, Gumbel and Log-Gauss distribution can be
used; for Frechet distribution indicative probability for the fitting Py is 0.759 but it seems to
have high value for every return time more than 20 year. For Log-Gauss distribution Pris

© 0.969:and also may be the value of discharge for every return time is a little bit high, but for
i :Gumibeladistribution P is 0,979 and the value of discharge for every return time is better
for safety and consequently the Gumbel distribution is chosen for annual minimum
distribution (Fig. 2).

.y
Lo
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Fig. 3 Log-Gauss distribution for annual mean discharge before the construction of
the reservoir '

For determining mean annual Gauss and Log-Gauss distribution are examined, the first one

does not fit the base data series, but for Log-Gauss distribution Pyis 0.855 and Dpax = 0.117,

this distribution function fits well to the base data series (Fig. 3). For irrigation season
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(April - September), the Log-Gauss distribution function fits well the base data series, and
for maximum, minimum and mean Pyis 0.932, 0.997, 0.810, respectively.

6. ESTIMATION OF FLOOD ATTENUATION

The daily discharge data from 1963 to 1989 is used but with little gap in between. The
Reservoir Sizing by Transition Probability (RSTP) Moran model, developed by Zsuffa and
Galai [2], is applied for analysing the water flow regimes of the river and a number of
alternative reservoir sizings are tried to match the demand and supply positions for Tabarrok
Abad with different probability curves. -

. For flood attenuation effect of reservoirs, different variables such as weir size, weir level and
starting water level for different input floods are examined, For all of the calculations the
pre-draining time considered as 0.0 day and also the base flow during the flood as
0.00 m® /s, (the most dangerous It has seen that, the different base flow (from 0 to 9 m’/s)
has not 1mportant role, regardmg the reduction of peak of flood. If the chosen capacity for
reservoir is 20 0 million m* and the sedimented volume 15.0 million m®, the water level for
40 million m* volume will be 34m, therefore for chosen weir size, the weu" level and starting
level considered as 34 m. With considering these 4 independent variables as constant (Weir
level, Starting level, Base flow and Input flood as 34 m, 34 m, 0.00 m*/s and 2% probability
respectively) to ﬁnd the best weir size, different diameters are examined, :

For diameters equal or smaller than Sm the problem is that, there will be too much water
above weir and for big floods the capacity of weir will not be enough to pass a sufficient
amount of water, also for diameters larger than 10m the reduction for floods with probability
less than 2% will be too small. Reduction of flood with probability of occurrence larger than
2% and diameter of weir larger than 6m is too small. Therefore the best size of weir for
attenuation of floods with return time smaller than 50 years is 6m (for its diameter). For big
floods we need an emergency spillway, to pass the big floods and prevent the dam form
broken.

By usmg a weir with 6 m diameter; starting water level and weir level as 34 m, base flow as
0.00 m*/s and pre-draining time as 0.00 day, the discharge of floods after passing spx!lway
(Qouput ) are analysed. The Log-Gauss distribution function fits well the base data series
(Fig. 4), From this Figure it is observed that, the maximum of a flood with 100 year return
time will be 110,3 m*/s, while the return time for a flood coming to reservoir for this amount
of discharge is 37 year (Fig. 1). The Gumbel distribution and Frechet are examined, but
Gumbel distribution  function does not fit the best data series, and by using the Frechet

distribution we will have a very high discharge for floods with return time longer than 10

years, Moreover, the method of Todorovic and Zelenhazic does not fit the base data.

Also the best distribution tj}pe for minimum and mean annual discharéé after constructing
the reservoir will be Gumbel and Log—Gauss distribution respectively, just like distribution
types of discharge commg to the reservoir,

164

4o, - . CGraphical fitting test
L OCF - LT AMLTHS iz txilruatioxs
DI$<:,L‘|E\"96
e TABASARRORK ABAD RESERWVOIR

1 U Ny ! )

1TWEE - 1 EEa: 18 P RIS
BO.0.l Aneus) et wof ke g PO o T EEER DS WY e T RO S st T WTEes o oy I st S
so.0 . rmEnadrmuarm
@ ofo . L
e (o
5.0
2.0 Jof e LR . . -
=0 ERES B B ._";{, b

b ! . Ao HAZEN sererme |
o8 P e (| l 1]2’
0.5 | i
O 1O 3O j=1e) 7S 20 QL_ i=1=4 VUD YPee

=, probataility,

Fig. 4 Log-Gauss distribution for annual maximum discharge after constructing of
the reservoir

CONCLUSIONS

From the analysis it appears that the homogeneity of the time series is uncertain, mainly
because of the observed wet and dry period in the observed data, before 1977 there was a
wet period and from 1977 there is a dry period. Because it is possible that in the next future
the wet period or dry period or both occur, the whole available data (from 1963 tifl 1989) is
used for Reservoir Computation. The distribution analysis is carried out for annual discharge
data, using the Smirnov-Kolmogorov fitting test. the Log-Gauss distribution type fits well to
the annual maximum data (Fig. 1), the Gumbel distribution chosen for annual minimum
discharge (Fig. 2), and for mean annual Log-Gauss distribution fits well the base data series
(Fig. 3). For irrigation season (April - September), the Log-Gauss distribution function fits
well the base data series. By using a weir with-6 m diameter, starting water level and weir
level as 34m base flow as 0.00 m3/s and pre-draining time as 0.00 day, the discharge of
floods after passing spillway (Qoupu) are analysis, The Log-Gauss distribution function fits
well the base data series (Fig. 4), but Gumbel and Frechet distribution and the method of
Todorovic and Zelenhazic do not fit the base data just like base data coming to the reservoir.

Also the best distribution type for minimum and mean annual dlschaxge aﬁer constructing
the reservoir will be Gumbel and Log-Gauss distribution respectively.
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Abstract:

Artificial drainage system is needed where natural drainage is not may be due to rriany
causes involving soil, climatic, hydrological, topographic and agricultural factors. The
relations between all these factors and the drainage requirements and criteria are
complex and sometimes are not easy to determine,

Simulation of a groundwater system refers to the construction and operation of a
model whose behaviour assumes the appearance of the actual aquifer behaviour, The
model can be physical, analogue, or mathematical. g

Each model is described under the following sub-heading: type of theoretical
approa(?h, nature and management of the boundary condition, mathematical
expression, surface runoff, discretization 'scheme, model input-outputs , model

o objectives.

Driin flow models can be used deterministic or conceptual approach based on
fundamental soil-water flow theory or on a reservoir concept. The processes can be
- described at the field-scale or at the larger scale of the watershed. At each scale,
- models are developed using either a deterministic approach based on the fundamental

. laws of flow in porous media, or a conceptual one based on simple rules for managing

one or several reservoirs. In all cases, a field- scale approach will be limited to
unconfined aquifers. A regional scale approach will be used for both unconfined or
confined aquifers.

1. INTRODUCTION

Su_bsurface drainage is very important in providing a root zone environment that is
suitable for maximum growth of plants, A good drainage condition will increase

-+ production and sustain crop yield over long periods of time. One of the main reasons

that poor drainage and high water table cause a decrease in crop production is the fact
that the plant roots have only a limited amount of soil on which to grow.

Control of root-zone salinity and root-zone aeration are the main objectives of
agriculture sub-surface drainage. Salinity control is imperative for the establishment of
a permanent irrigated agriculture, Good aeration of the root zone prevents the
nitrification and loss of valuable plant nutrient but, at the same time allows the plants
root to carry on respiration in an unrestricted manner. Maximum production is
obtained from the profile, well-drained soils ( Ochs, W. J. et al., 1983). In arid areas,
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artificial drainage systems are install to control water-table level and salinity in the root
zone. ’

2. GROUNDWATER MODELLING

Simulation of a groundwater system refers to the construction and operation of a
model whose behaviour assumes the appearance of the actual aquifer behaviour. The
model can be physical, analogue, or mathematical.

A mathematical model is simply a set of equations which , subject to certain
assumptions, describes the physical processes active in the aquifer. While the model
itself obviously lacks the detailed reality of the groundwater system, the behaviour of a
valid model approximates that of the aquifer. Mathematical model maybe deterministic
, stochastic, or some combination of the two. Deterministic models could be divided
into : analytical, numerical and mixed. The analytical model concerned with the case
when exact mathematical equations could be written to formulate the problem while
from the hydraulic point of you could be approximate . This method widely used in

the past .

The numerical method of modelling usually used when the problem is defined . .

hraulicly but mathematically approximated .It is widely used now a days because of the - N
advancement of the computer. The mixed method of modelling contains the use of the
analytical approach up to the point where could not be solved mathematically so the
solution is completed with numerical method.

2.1 Types of ground-water models

There are four general types of groundwater models. The problem of water supply is
normally described by one equation, usually in term of hydraulic head This type is
hydrodynamic that with this model problems could be solved like amount of water
that we need .And from which region it is coming. The second type is Transport
Models that they contain heat transport and solid transport. The fourth type is

Deformation Models.

Ground-water flow models have been most extensively used for such problems as
regional aquifer studies, ground-water basin analysis and near-well performance. This
classification of ground-water model is no means complete. The type of model used

will obviously depend on the application.

2.2 Numerical Methods:

Numerical method consist of certain procedures as a result of which the partial
differential equation is replaced by an algebraic equation, or a system of algebraic

equations. Usually these constitute a system of linear equations. The final solution then

requires, the solution of this system of equations.

A numerical model is most appropriate for general problems involving aquifers having
irregulars boundaries, heterogeneity, or highly valuable pumping and recharge test.
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As mentioned there are some analytical solution, a great advantages of analytical L
solution, apart from its immediate avaxlablhty, is that it can give a good insight into the

dependence of the solution on various physxcal parameters, such as transmissivity,
storativity, or geometrical dimensions. The main limitation of analytical methods of
solution is that they are aVailable only for relatively simple problem.

There are three kind of numerical method, Finite Different Method, Finite Element
Method, and Boundary Elements. Finite difference method will used to solve the
differential equation of steady and unsteady groundwater flow in aquifers. The general
. principle is that the unknown variable, the head ¢, which is function of , y, and t, is
represented, for every value of the time t, by a finite number of values @( i, j), where i
and j indicate counter variables in 7 and y direction, respectively. The form of the
system of equations is that the values of the head in each point are related to the values
in the surrounding points . In general, both the values in these points at the beginning
and the end of time step. The various possibilities for the approximation by finite
difference are usually denoted by forward, backward, and central finite differences.

A second very powerful numerical method is the finite element method. In ground-
water flow problems one could imagine that a region is subdivided into small elements,
such that for each element the flow is described in terms of the head in the nodal
points, and then a system of equations is obtained from the condition that the flow

must continuous at each node.
3. SUBSURFACE DRAINAGE SIMULATION MODEL

The design of an agricultural drainage system requires a good understanding of the
occurrénce, nature and movement of water in the soil as well as of the drainage related
hydrological processes. '

duts.

3.1¢ Cnteua for model descrlptmn'

Each model is described under the following sub-heading: type of theoretical
approach nature and management of the boundary condition, mathematical
expressxon “surface runoff, discretization scheme, model input-outputs , model
obféctxves :

Type of theoretical approach : Drain flow models can used deterministic or conceptual
approach based on fundamental soil-water flow theory or on a reservoir concept. The
processes can be described at the field-scale or at the larger scale of the watershed. At
each scale, models are developed using either a deterministic approach based on the
fundimental laws of flow in porous media, or a conceptual one based on simple rules
for managing one or several reservoirs. In all cases, a field- scale approach will be
limited to unconfined aquifers. A regional scale approach will be used for both
unconfined or confined aquifers.

In application of the FEM, numerical stability. and oscillation problems often occur,

The numerical problems are mainly caused by (1) Improperly handling the time
derivative term of the governing equation; (2) improperly choosing the time step sizes;
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(3) improperly assigning a value to the weighting factor of the finite difference solution
scheme (FDSS) ; and (4) improperly choosing element sizes and shape. There are two
types of formulation in handling the time derivative, one being the consistent
formulation and the other being the lumped formulation (Istok. 1989). The consistent
formulation treats the spatial derivatives and the time derivative of the governing
equation consistently in terms of weight functions and basis functions. The lumped
formulation , on the other hand , defines a set of special weight functions and basis
functions to handle the time derivative. Consequently, the overal numerical
formulation is consistent. However, the lumped formulation has been shown to be less
susceptible to numerical oscillation and is more frequently used in practice (Xin Yu

and Singh 1994)..

A drainage model that simulates surface and subsurface drainage systems can be
effective management tool, with many application. Peak flood flows, water table
levels, and flow volumes may be simulated for either drainage system. In addition, by
changing the inputs to the models, the effect of different variables-for example, soil
properties or rainfall patterns-may be evaluated. This feather can be valuable in
determining the effect the effect of these changes in crop yield.

3,2 Calibration and Verification:

Loague and Freez (1985) distinguished between calibration and verification phases of
modet testing, defining the calibration of a model as being carried out using events
from one pried of a data set, and verification of the model using events distinct from

the calibration period.

The calibration process improves the simulation capability of the model by comparing
the simulated results to the observed results,- The model and its parameters can be
adjusted and retested until the optimum results are obtained. Models often require
calibration, depending on model performance, and this is accepted practice in model

development.

The verification of a computer model shows the modeller how well the model
responds to a set of data, with no calibration based on those data. This will determine
whether the calibrations made by the modeller are realistic for that particular
watershed, at least for the particular time period of the test.

The efficiency of the model is calculated by comparing the verification simulation to
the observed verification events. It is a method of evaluating the calibration process.
The verification efficiency selected by Loague and Freeze (1985) is calculated in the

following manner,
E(E(0-0)- £(8-0)) 1 £(0-0)"

where: L verification-efficiency; O observed value for event 7; O = mean value
over the verification events; S~ simulated value for event 7

James and Burges (1982) discuss several ways of measuring the efficiency of a model.
These include statistical methods, time series analysis and scattergrams. They conclud‘e
that it is difficult for a model to perform well over all ranges of test data. It is
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suggested that several coefficient of performance be used, for cases like peak flows,
the parameters, wet periods and dry periods. However, to evaluate the model
correctly, all coefficients should be considered, as high coefficient values may be
obtained while poor modelling results are observed.

The most obvious impact of field drainage can be expected and have been
experienced in the changes of runoff volumes and distribution. Especially surface
drainage, by eliminating the natural surface storage capacity of the land, accelerate
runoff and generally increase the peak flows. Shorter times of runoff concentration in
the watershed cause rainstorms with shorter duration and, therefore, with higher
intensity to become the critical rainstorms and the probability of higher peak flows,
therefore increase even more(Penkeva, 1976).

4. CONCLUSIONS

Subsurface drainage is very important in providing suitable environment for maximum.
In arid areas, artificial drainage to control water-table and salinity in the root zone.

With considering the usage of computer it has created solution for problems that there
were no analytical solution for them. There are some method for modelling

groundwater, subsurface drainage.

Each model has to calibrate and verify.. Models often require calibration and this is
accepted practice in model development.
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1. INTRODUCTION

Recently, the fracture mechanics has been applied in the solution of rock engineering
problems, especially for competent brittle rocks under hydrostatic pressure or
dynamic loading. Fracture toughness is one of basic parameters in fracture mechanics
indicating the ability of rock to resist fracturing, i.e. the initiation and propagation of
cracks. Although a number of authors have paid more and more attention to the
investigation of fracture toughness of rocks, most of them.fhéw‘e conducted their
research with tensile loading. The standard testing procedure was proposed for
determination of toughness in tensile mode fracture by three-point bending [9].

In the past 30 years, many investigations dealing with crack propagation in brittle.
rock have employed the well-founded discipline of linear elastic fracture mechanics,
LEFM, with great success. Although this theory i§ based on linear elasticity and it is
directly related to the Griffith [3] theory, plastic flow and other non-linear behaviour
can occur on a small scale without affecting its predictive success, Purely britile
behaviour is not required and only when the size of the zone of non-linear behaviour
at a crack tip cannot be considered small when compared to the crack length, does
recourse to fracture theories such as the J-integral [4] become necessary.

Recent investigations have measured the fracture toughness, K, of the ortotrophic
gneiss. Moreover, Schmidt and Huddle [5] and Abou-Sayed [1] indicated that the
apparent fracture toughness of Indiana limestone increases with increased confining
pressure. The anisotropic rocks were examined by Afassi [2]. The main objective of
the present paper is to show the influence of the confining pressure atid " the
anisotropy on the propagation of crack under mode 1.

2. MATERIAL DESCRIPTION
The object of this research was a rock having anisotropic properties. Gneiss was

chosen for this purpose. This metamorphic rock consist of small grains and during
the metamorphosis the minerals deform in one direction ‘which can be seen with

unaided eye.

Table 1 shows the physical properties of the rock.
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Physico-mechanical Index Unit Result —"
proprieties
Modulus of E; . GPa 41.69
elasticity . :
" Enr=FEx GPa 70.05
Poisson ratios Vi2=V13 - 0.166
Vo1 = v3q - 0.262
V33 = V19 - 0.247
Maximal stress o] MPa 238
02 =09 MPa - 267

Tab. 1. The physico-mechanical properties of the gneiss
3. SPECIMEN PREPARATION

Extensive specimen preparation is necessary for performing confined fracture
toughness tests. This incudes initial specimen machining, fatigue pre-cracking, final
machining, instrumenting and jacketing. For the best result the specimens were cut
from one block.

Forty . notched .. three-point bend specimens of gneiss were dry-machined to
dimensions in accordance with ASTM standard [9] (Fig 1). All experiments were
performed on 2 specimens,
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Fig. L. Three-point bend specimen configuration used for fatigue pre-cracking

All specimens were 15 (+0.1) mm thick (B) and 25 (£0.1) mm wide (H) and were
machined in the divider geometry in which the crack front is'perpendicular to the
bedding planes of the material. It was used in the initial phase of the tests in order to
facilitate fatigue pre-cracking. It should be noted that all tests were performed on
specimens of equal size with nearly equal crack lengths (a) (5 (£0.1) mm long).
However, the size criterion often used for “valid® tests of Kj¢ requires the crack
length to be larger than 2.5 (KIC/oy)ZA

The measurements were elaborated in cases of anisotropy in the directions 0; 30; 45;
60 and 90 degrees to the horizontal line.

To perform tests under confining pressure, the specimens had to be Jjacketed with

flexible material that would cover all machined surfaces including the notch, but not
enter the crack.
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4. TEST PROCEDURE

First, the jacketed and instrumented specimen was fastened inside the pressure vessel.
Confining pressure was applied to the specimen while maintaining a slight tensile
load on the external load cell. The specimen was then loaded to failure at a constant
rate of increase in crack opening displacement.

The apparent fracture toughness, K¢, was determined from each test by using the
following expression [6] ; . ‘

3PS
Kq = 2 Vnaf )

a

0°=W (M |

fro = 199 = (= 0)(215-3.930 + 2.7a%)
) (1+ 20)(1 - )"

where P was the maximum load measured.
6. RESULT AND DISCUSSION

The increase in fracture toughness of gneiss with increased confining pressure is -
shown in Table 2. The equations are shown below in function of the confining

pressure with the variances:

00 :

Kfc = 8.551 + 1.084 P (o =2.663)
300 - - h . '

Kjc=9.819+1.078 P (6=3.374)
450 ; o

Kjc =10.288 + 1.070 P (6 =0.642)
600

Ky =6.964 + 1.124 P (0=0.514)"
900 ; 7 :

Kic =8.048 + 1.048 P (o =1.756)

I suppose that the connection between the toughness intensity factor and the
hydrostatic pressure is linear. This assumption is supported by my investigations
There are not large differences among the tangents (1.05 ~ 1.12) of the line. The
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average value is 1.081, the variance is 0.024 [8]. The direction of anisotropy. does -

not influence the slope of the line. Similar experiments were done by Schmidt and
Huddle [5] on Indiana limestone and Terrien et al. [7] on sandstone. Examining their
published results of experiments I have found that the line defined above can be

fitted very close and the value of th

e slope characterise the rocks,

Tab. 2. Experimental data

8, CONCLUSION

Direction Pression Kyc Average
[MPa] [N/mim3/2] [N/mm3g/2]

) 6.63, 7.03 6.83 +0.20
00 10 18.95, 18.21 18.58 +0.37
30 45.98, 4568 45.8340.15

60 73.77, 68.91 71.34+2 43

0 10.03, 9.34 9.69+0.35
300 10 15.43, 19.44 17.4442.00
30 47.96, 47.37 47.67+0.30
60 71.43, 73.04 72.23+0.80

0 11.18, 10.07 10.62+0.55
450 10 21.33, 18.81 20.074+1.24
30 42.92, 43.55 43.23+022

60 71.10, 77.29 74.20+3.10

0 6.39, 5.85 6.1240.27

600 10 18.47, 19,97 19.22:+0.75
30 38.56, 42.79 40.68+2.11

60 75.65, 72.80 74.22+1.43

0 7.39, 6.87 7.134+0.26

900 10 19.78, 17.67 18.734+1.05
30 44.36, 41.82 43.09+1.27

60 65.55, 74.13 - 69.84:+4.29

The purpose of this study was determine the effect of the anisotropy and the
confining pressure on fracture toughness of gneiss. Fracture toughness, Ky¢, was
measured on three-point-bend specimens as a function of hydrostatic pressure. I
found that connection between the confining pressure and the facture toughness is
linear and this is a constant which s in depend on the direction of the anisotropy.
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1. INTRODUCTION

Bioengineering research plays an important role in the development of prosthetic joint
replacement and implant design. Biomechanics provides theories and methods for
mechanical analyses of complex structures, like combination of bone and biomaterials.
The use of Finite Element Method was first introduced in orthopaedic literature about 24
years ago (around 1972) and has become a valuable tool in the field of analysing load
transfer, stress and strain distributions in bones, artificial joint replacement, etc. )
In the following chapters I cite examples — chosen my former and present research topics
- to demonstrate a couple of possible application of Finite Element Analysis for the
purposes of biomedical investigations.

2. THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF TOTAL HIP
REPLACEMENT

In this section I present a few results of a previous research programme, when we
worked in co-operation with the Dept. of Orthopaedics at Haynal Imre Postgraduate
Medical University (ORFI-HIETE). The main object of this project was to determine the
effects of a newly developed hip prosthesis on stress and strain distributions in human

femur,
2.1 Materials and methods

Three dimensional linear and non-linear finite element analyses were performed using
COSMOS/M (Explorer version 1.71) finite element programme. In order to obtain
reference values, which are suitable for being compared the evaluated results with, I
needed to build up three different finite element models: one for representing the whole
bone without implant, and the others for studying the bone-implant system. Solid parts
and volumes of the models were meshed automatically, generating 4-node tetrahedron
elements. (Figs. 1-2)

The geometry of a realistic model of human femur was derived from a seties of CT-scans
along its height. Mechanical properties were obtained from literature [1], each material
was assumed to be homogeneous and isotropic, material inhomogenity was taken into
consideration by varying the value of Young's modulus throughout the bone. The applied
loads reflecting single-leg stance with force vectors acting on the femur- or prosthetic
head — respectively (representing joint reaction force), and on the trochanter major
(caused by the abductor muscles).
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Fig 1 Finite element mesh of bone without implant and bone-implant structure
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2,2 Conclusions

Comparison of calculated results, i.e. stress distribution in natural femur and in the same
bone with implant, supposing perfectly bonded contact between surfaces of bone and
porous-coated implant showed good agreement, however stress-level has slightly
increased in the latter one. (Figs.3-4) Considering postoperative stage, i.e. unbonded and
frictionless interface stress transfer was affected more dramatically, but significant stress
concentration only occurred in diaphysis region at places of pin-fixation.

Fig.4  Stress distribution in bone with implanted prosthesis (considering fully bonded
surfaces)

i8¢

3, THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF DENTAL
IMPLANTS

In recent years the use of osseointegrated dental implants has increased significantly. The
function of these structures is supporting single-tooth or fixed prosthesis components.
Presently a large number of implant designs exists with different geometrical features, so
as to provide long-term stability. Although the success rate of dental mmplants is
considerably high - reported to be above 90% ~ still there are questions have not been
answered yet. ’

I currently work in a joint programme with physicians at the Department of Oral- and
Maxillofacial Surgery of Semmelweis University of Medicine. Based on numerical results
of our investigation we try to determine optimal shape, size and number of threads for
“serew type” dental implants and demonstrate changes of stress distribution in cortical
and cancellous bone by altering geometrical parameters such as length and diameter of
implants.

3.1 Materials and methods

At the first stage of research, using COSMOS/M (Explorer version 1.71) finite element
programme, three dimensional linear and non-linear finite element analyses were
performed to evaluate load transfer of implants to surrounding bony matrix under
vertical, horizontal and combined loading of the prosthetic component. In order to
simulate connection between bone and implant surfaces — referring to different phases of
healing process — I have calculated stress and strain distribution by applying interface
contact elements (thus considering conditions that follow medical intervention) and also
by supposing perfectly bonded surfaces. o

Mechanical properties of cortical and cancellous bone of human mandible and maxilla
were obtained from scientific literature. Each material was assumed to be homogeneous

and isotropic.

Fig.5 Finite element mesh of the quarter of a dental implant (fength: 10mni)
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Fig.6 Stress distribution in bone surrounding a 12mm long implant

3.2 Future plans

The following step of this research has to provide more accurate results, which should be
as:hieved by refinement of finite element mesh. Since limited version of the software used
did not make possible any further increase in the number of nodes and elements, I intend
to pe:rform analyses using ABAQUS and PATRANS3 Finite Element Programme Systems
running on workstation. '

4, CLOSING REMARKS
The e.xamp,les pvresgemed are, of course, only the first efforts to predict biomechanical
behaviour of bone-implant structures quantitatively. Due to length limitations, basic and

important guestions of this field could not be mentioned, assumptions and symplifications
were nof discussed in detail in the scope of this article.
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ABSTRACT

We investigate the dynamics of tracer particles in time-dependent open flows. In cases
when the time-dependence is restricted to a finite region, we show that the tracer
dynamics is typically chaotic but necessarily of transient type. The complex behaviour is
then due to an underlying nonattracting chaotic set that is also restricted to a finite
domain. Examples are taken from the realm of two-dimensional incompressible flows. The
case of the blinking vortex-sink system illustrates the phenomenon in inviscid fluids, while

the von Kéarman vortex street problem belongs to the class of viscous flows. Based on
these examples, generic features of the scattering tracer dynamics are summarized, .

1. INTRODUCTION

The advection of particles in hydrodynamical flows is a phenomenon having attracted

great recent interest from the side of dynamical system community because these particles

can exhibit chaotic motion [1-10]. By particle we mean a light granule of small extension.

If it takes on the velocity of the flow very rapidly, i.e., inertial effects are negligible, we

call the advection passive, and the particle a p(assi;/e tracer. Its equation of motion is then
F=v(r,t),

where v represents the velocity field that is assumed to be known.

Here we consider passive advection in open flows in cases ‘when complicated tracer
movements caused by the time-dependent flow is assumed to be restricted to a finite
region. This will be called the mixing region outside of which the time-dependence of the
flow is negligible. It is worth emphasizing that a complicated flow field (turbulence) inside
the mixing region is not at all required for a complex tracer dynamics and the
corresponding fractal patterns. Even simple form of time dependence, e.g. a periodic
velocity field is sufficient. For tracers injected into the flow outside of the mixing region,
where the flow is still practically stationary, the motion is initially simple and becomes later
gradually more complicated as the particle is being advected into the mixing region. The
motion in the outflow region is then simple again. Thus, for such processes chaos is
necessarily restricted to a finite region both in space and time. We claim that this transient
chaos [11] is the only form of chaos which can appear in the sifuation studied.

The complicated form of trajectories implies a long time spent in the mixing region. In
other words, tracers can be temporarily trapped there. Due to-the incompressibility of the
flow no attractors can exist, and almost all particles escape the mixing region. As a
consequence, the underlying chaotic set is a chaotic saddle having a Cantor set type
structure along both the unstable and the stable direction. In the next sections we study
examples where the time dependence is the simplest possible one, periodic. Without giving
mathematical details we introduce the problems and pictorially show some typical tracer
trajectories, and the invariant sets obtained in numerical simulations.
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2. THE BLINKING VORTEX-SINK SYSTEM

Consider an ideal fluid filling in the infinite plane with a point vortex that is simultaneously
sinking. This can be a model of a large bath tub with a sink since a rotational flow is
formed around the sink in the course of the outflow. The blinking vortex-sink system
introduced originally by Aref et al. [2] is obtained by having two such sinking vortex
points some distant apart from each other and being active alternatingly for a duration of
7/2. This models the outflow from a large bath tub with two sinks that are opened in an
“*glternating manner. In the blinking vortex-sink system the velocity field is periodic with 7'
* but in a special way: it is stationary for a half period of 7/2 and stationary again but of
another type for the next half period of 7/2.

The? replacement of a tracer particle can easily be determined within any of the stationary
regimes. The comparison of the particles' position right after the first flow field sets in, i.e.
at ¢ = 0" mod(7), leads to a stroboscopic map whose form can be given analytically [2].

The advection problem has two essential dimensionless parameters: the sink strength and
the ratio of the vortex and sink strengths. We have carried out a detailed investigation of
the tracer dynamics at different values of the parameters [13]. Two tracer trajectories are
~‘shown in Fig. 1 with long life time before reaching one of the sinks. The breakpoints are
due to the :Zsudden jumps between the two dlﬁerent streamline patterns at /=0 mod(7/2).
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Fig. 1 T w0 complzcated tracer trajectorze9 of the blinking vortex-sink system. A change
of 107 in the initial coordmares leads to completély d ifferent trajectories leaving the
system through different smks The vortex-sink centers are denoted by black dots.

The mvanant sets characterlzmg this problem are shown in Fig. 2 on a stroboscopic map
taken at time #=0" mod(7).. The. chaotic saddle .(Fig. 2a) seems to be hyperbolic
- everywhere, i.e., to have a.direct product structure. This set, just like a chaotic attractor, is
~ the union of all bounded orbits, including periodic ones, never escaping the mixing region.
. In contrast to a chaetic:atirdctor, however, these orbits are all unstable, and the chaotic
.:saddle has practically no region of attraction. In other words, the chaotic saddle contains
~-only those orbits which are trapped in the mixing region forever. They are rather
exceptional ones and not even their closure covers a finite area of the plane, although they
are infinite in number. Such orbits form a fractal subset of the mixing region.
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Fig. 2 Stroboscopic section of the invariant sets of the blinking vortex-sink system at

1 =0"mod(T). @) Chaotic saddle, b) stable manifold, ¢) unstable manifold. The circle

around the left vortex-sink center at (~1,0) indicates the area from which the fracers
leave the system via the left sink during the first half period.

The invariant manifolds are given in Figs. 2b and ¢. The chaotic saddle can be reached
along the stable manifold (Fig. 2b), which is a complicatedly winding fractal curve
reaching arbitrarily far away from the vortex-sink centers. Tracers with long lifetime can
only be the ones approaching the chaotic saddle close along its stable manifold. It must
have a vanishing area because in a Hamiltonian system no attractor can exist. In contrast,
the unstable manifold (Fig. 2¢) is a fractal curve bounded to a finite region. The unstable
manifold of the saddle is the set of points along which particles, after entering a close
neighbourhood of the set, lcave this neighbourhood. In general this manifold appears on a
stroboscopic map as & rather comphcatedly winding curve and extends to the region
where particles exit the flow. In our case it conniects the chaotic saddle with the right sink

closed at ¢ = 0" mod(T), just before taking the stroboscopic map.

" 3. THE VON KARMAN VORTEX STREET

‘We consider the flow of a viscous fluid around a cylinder with a ba.ckgrouhd velocity

pointing along the x-axis. At intermediate background velocities (whose dimensionless
measure, the Reynolds number is on the order of 102) no stationary velocity field is stable,
instead, a strictly periodic behaviour sets in with period 7. Two vortices are created
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behind the cylinder within each period, one above and the other one below the x-axis.
These two vortices are delayed by a time 7/2. Note that they are now extended vortices
with finite velocities even in the vortex centers. The vortices first grow in size, then
become detached from the cylinder and start to drift along the channel. This alternating
separation of vortices from the upper and lower cylinder surface is called the von Karman
vortex street and is characterized by a strictly periodic velocity field of period 7' [8,12].
After a short length of travel, the vortices are destabilised and destructed due to the
viscosity of the fluid. Far away from the cylinder upstream and downstream the flow is,
however, practically stationary.

To obtain the velocity distribution one has to solve the two-dimensional inviscid Navier-
Stokes equations with no-slip boundary condition along a circle [4,5]. For simplicity we
use here an analytic model for the streamfunction introduced in [6]. It was motivated by a
direct numerical simulation of the Navier-Stokes flow carried out by Jung and Ziemniak
[5] at Reynolds number 250. Fig. 3 exhibits two complicated particle trajectories advected
in this mocglel flow, which are trapped for a Whileyin the wake of the cylinder.

05

Fig. 3 Two complicated tracer trajectories in the von Kdrmdn vortex street with initial y

coordinates differing by 107, The horizontal scale is multiplied by 3 for better
visualization.

The invariant sets are shown again on a stroboscopic map taken at integer multiples of
the period T in an area surrounding the cylinder. The chaotic saddle (Fig. 4a) contains
now both a hyperbolic-and a nonhyperbolic component. The former one is situated away
from the cylinder, while the: nonhyperbolic component seems to accumulate on the
cylinder's:surface. This is the manifestation of the no-slip boundary condition. Very close
to the surface, i.e., in the boundary layer, the velocity must be small and therefore there
can exist increasingly many trapped trajectories. In fact, the surface contains an infinity of
parabolic orbits [6] and it plays a similar role as a KAM surface.

The invariant manifolds are exhibited in Figs. 4b and c. The stable manifold (Fig. 4b)
surrounds the cylinder surface and extends to the infinitely far inflow region in a narrow
band close to the negative x-axis. In contrast, the unstable manifold (Fig. 4c) touches the
cylinder surface along a finite arch only, and extends to the outflow region at infinity in a
strongly oscillating way.
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Fig. 4 Stroboscopic section of the invariant sels in the von Karman voriex sireel at
t =0 mod(T). a) Chaotic saddle, b) stable manifold. c) unstable manifold. The™
horizontal scale is multiplied by 3 for better visualization.

4. CONCLUSIONS

The existence of a chaotic saddle is the key observation in understanding the scaﬁedng
tracer dynamics. The chaotic saddle contains those orbits which are trapped in the mixing
region forever, These orbits are all unstable. Although they are infinite in number, not
even their closure covers a finite area of the plane. Such orbits form a fractal subset of the

mixing region.

The stable manifold of the saddle is a complicatedly winding curve along which the
chaotic saddle can be reached. The stable manifold can also be considered as the “basin of
attraction” of the saddle. The unstable manifold of the saddle is the set of points a}<)x1g
which particles, after entering a close neightourhood-of the set, leave thisnnei_ghbourl'lood.
This manifold extends to the region where particles exit the flow. As a consequence, a
droplet of particles injected into the flow in front of the mixing region will, after a long
time,trace out the unstable manifold, provided the droplet overlaps initially with the stable
manifold. This fact makes the unstable manifold a direct physical o‘bsjervable of the passive
advection problem [1,8] and provides the easiest method to plot this manifold
experimentally or numerically. o '
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Trapped particles have some time delay 7 relative to the background flow: the longer 7 is
thg more complicated the trajectory becomes. Observe several trajectories with initial
points taken from a closed domain of the flow. The quantity P(7)d is the probability to
find a particle with time delay in the interval (7, z+dr). Due to the hyperbolic structure of
the saddle it typically decays exponentially as P(7)~e™"". 7 is the average time delay
that can then also be considered as the average lifetime of chaos on the hyperbolic
component. Particles starting not exactly on the stable manifold have finite lifetimes in the
mixing region. Their motion can be considered as a random walk among the periodic
orbits of the chaotic saddle. This time delay distribution is of great importance in practical
applicat.ions The existence of the chaotic saddle determines the average time the pollution
§pends in the wake of the bridge-piers. An expanded chaotic set in a water-basin can result
in ltong residence time of large mass of water, which may cause mustiness of the drinking
water.

Finally we note that the features summarized here seem to be robust. Deviation from the

'ﬂow"s planar character does not change these properties. Similarly, if the particles have

inertia, the dimension of the phase space doubles due to the appearance of physical

momenta, but a chaotic saddle may exist in that case also. What we observe as tracer

gatterns is then related to the projection of the invariant manifolds to the space of the
ow.
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1. INTRODUCTION

The aim of my work is the numerical simulation of bonded (concrete-like) granular
materials with reinforcement. I deal with three main group of question: first,
redistribution of stresses around the reinforcement, second the factors that influence the
development and spreading of microcracks, such as grain distribution, rate of stiffness
and strengths between the reinforcement and the concrete-like material, geometry of
reinforcement, effect of different supports, and load-rate, and finally, the phenomenon
of loosening of the material around the reinforcement are also examined. In this
contribution I introduce the numerical model used for the simulations and show some

examples to represent its work.

2. NUMERICAL MODEL

The computer program that I use to the investigations is called PFC 1t was developed
by Itasca Consulting Group, USA, and it bases on a dynamic model (DEM) made by
Cundall. PFC ?® works in 2D, it models circular particles. A particle generator allows
the statistical generation of specified distribution of particles to be done automatically.
Material properties are associated with individual particles and contacts. The contact
physics consists of the following elements: linear springs, or modified Hertz-Mindlin
law; Coulomb sliding; optional bonding (contacts may take tension and bending
moment) and the bond may break due to excess tension or shear or bending moment.
Assembly can be loaded in four ways: by gravity; by a set of forces applied to a given
range of particles; by fixing velocities of a group of particles at a prescribed rate; by
given arbitrary translation and/or rotation velocities of walls. Fig.1 shows the scheme of

one calculation cycle.

iche + wall positions and set ,, ‘o
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Fig.1 Calculation cycle in PFC w
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3. EXAMLPES
3.1 Pullout test b

Pullout test of reinforcement of concrete-like material was simulated. The initial
assembly is on Fig. 2. The load can be either & prescribed force acting on the first
particle of the reinforcement, or prescribed velocity of this particle during given mimbex'
of timecycle. (that means prescribed displacement)

mass
F wall
v)
reinforcement :
F=3.0e+4 F=d.00+4
6.00E404 6.006404 ;
v " ]
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Fig. 2 Initial assembly of the pullout test 0.008+00 | \Mﬁ OLOBH00 gy Ny
20080820 0.20 0.40 0.60 2o0ed 010 020 01 040 0% 060
Distr 1but1cm oI tmws around reinforcement and developing of cracks was mvestw,”atcd : X .
at different loadlevels, until the whole sample was destroyed.

The assembly at the different loadsteps is on Fig 3. Lines show contact forces, darker
colour indicates patticles around reinforcement which has broken contact. Diagrams “om g
under the pictures show normal force between the particles of the reinforcement.

At the first loadstep (F=3.0e+4) all the contacts are unbroken. Only the first fow
particles of mnfmrement are loaded because forces are given on the mass. (Figure and
diagram “a”). At the second loadlevel (F=4.0e+4) some contacts are broken around the
fore-part of reinforoement. That’s why forces can be given to the mass at about half of
reinforcement, so longer part of it is loaded. (Fig, and diag. “b”) The next loadstep
(F=4.72e+4) is the last steady-state of the assembly. Almost every contact of particles
! along the reinforcement is broken, so forces are acting on the mass behind
: reinforcement. (Fig. and diag.”c™ If the load is increased further (F=.4.75¢+4), the
whole sample is broken, as picture “d” shows.

This kind of simulation can be developed to be available for investigations mentioned in
the introduction. The material parameters of reinforcement and mass, the geometry of
reinforcement, the load, ete. are variable.
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.2 Push-gut test

_l.shésfeﬁlﬁgxlnple}s shown to illustrate the flexibility of the model. Simulation of push-out
tes F‘?I ’mx:esugatmn_of uipmate strength of studs was done. The original test structure is
on Fig.4. The numerical simulation models a part of the test, as it can be seen on T ig.5

hmisind emitne
LLLL Qe i i e T

F “/f"‘”\R Mﬁ‘ \-"-F

Fig. 4 Push-oul fest Fig.§ Numerical model of push-out iest

Fig. 6 shows the sample at different loadlevel. At the first loadstep (F=le+4) the sample
1s_unbrokcn, large compression forces are acting on the right side of stub ('/Pi'ciukt; Eit
At téle fm:-ond ]oadlevell( F=2et4) So.mprassion forces are increasing, écnné c'ont:a,ctsﬂ nex;
fc}; :t‘; e i:;b are 13;'0?(@1{. (_P:‘lct'ure “b") The fracture of sample happens at the last loadstep
(F=5e+4), all the confacts around the swb are broken, the stub is deformed

\

considerably. (Picture “¢™)
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3.3 Identification of material parametfers

The identification of material parameters is a very important question in the respect of
the further investigations. The numerical model contains 11 material parameters, for
le normal and tangential stiffness of a linear contact, the strength of a bonded
h of parallel bonded conlacts which thay take bending

-

examp
contact, stiffness and strengt
moment,
This example shows the determination of a microstructural parameter-set, which results
the macroscopical properties of the sample to be in a good agreement with the real
material. The material was concrete C25. Its standard paraeters are as follows:

B=3.05%10 kPa

o = 2.5%10% kPa

T = 510" kPa (G /5

G = 1.11%10" kPa { assuming v = 0.38)
Different microstructural parameters are given for “balls” and contacts which model

cement and aggregate. (Fig. 7)

Fig. 7 Model of identification of material paramelers

wow the model and load history of compression test. The load is the

Fig. 8 and Fig. 9 sl
unit/eyele,

displacement of the upper horizontal wall by preseribed rate 10°
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Fig. 8 Compression lest Fig. 9 Loadhistory of compression test
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F,ig, 10 and Fig. 11 show the model and load history of shear test. The load is also the
displacement of the upper horizontal wall by prescribed rate 10”7 unit/cycle.

Fig. 9 Shear test Fig. 10 Loadhistory of shear fest
Macroscopical parameters calculated of the diagrams above are as follows:
E= 3.00*10"}(]’3
O = 2.5%10" kPa
Toex = 6%10° kPa

G = 1.0*10” kPa
CONCLUSIONS
The p.resented numerical model is available for simulation of behaviour bonded granular
materials with reinforcement. According to the first investigations the internal forces of
mass considerably depend on the distance from the application point of load and the

modification of the forcedistribution is significant during the loading process.

Flexibility of the model makes possible the investigation of very wide range of
mechanical problems, for example material inhomogenity represented in Exarople 3.

REFERENCES

{1] PFC® User’s Manual, Itasca Consulting Group, Inc
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1. THEOREMS OF LIMIT ANALYSIS

The engineering practice uses three basic types of analysis of structures. First of all maybe the most
widespread and eximined method is the elastic analysis. The basic assumption of the method is the
linear-elastic material behavior, based on Hooke's law.

In some cases this is not sufficient and we use an improved calculation based on the elastic-plastic
material law. This yields in an iterative computation which may be slow and it does not converge
always to the solution. If we apply a simplified material law which describes an ideally elastic -
perfectly plastic material, we got a direct method to compute the collapse load of the structure.

This is called limit analysis.

The limit Analysis consists of two theorems, namely the lower- and upper bound theorems, which
are in primal-dual relationship with each other. In order to give a definition of them, first we have
to define the statically admissible stress field and the kinematically admissible velocity field. A
stress field, which satisfies the following conditions:

- fufills the equations of equilibrium,

- fulfills the stress boundary conditions, and

- nowhere violates the yield criteria,
is called a statically admissible stress field. For a given structure and external load, which is less
than the limit load, we can always find a statically admissible stress field ([2]).

Similarly, a velocity field or deformation mode, which satisfies the following conditions:

- fullfills the geometric equtions

- fulfills the displacement boundary conditions, and ‘

- the total rate of work done by the actual load on this field is positive,
is called a kinematically admissible velocity field. If we have a structure with external load greater
than the limit load, we can always find a kinematically admissible velocity field.

If we use linear approximations, the greatest load which yields a statically admissible stress field
and the smallest load which yields a kinematically admissible velocity field is equal and called the

limit load.

In the present problem we used the lower bound theorem to get the limit load, because it fits better
to the computer solution, however it is easier to visualize the results of the upper bound theorem,
and it also gives directly the collapse mode and thus the weakest points of the structure.
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2. MATHEMATICAL FORMULATION

The lower bound theorem states that an external load can be carried safely if a corresponding
statically admissible stress field can be found. The first step to find the limit load is to establish a
parameterized system of stress-fields which satisfies the equilibrium equations and the boundary
- .conditions.-Applying yield criteria to the system.in form of inequalities, we have got the
parameterized system of statically admissible stress field. Now maximizing the load factor
subject to the previously established conditions, we get the highest load the structure can carry,
i.e. the limit load.

This problem involves the use of mathematical programming, which has very effective y
algorithms to solve optimization problems if they are defined as linear functions of the variables.
As a consequence, we have to set up both the yield conditions and the object function as linear

functlons Of the stress parameters

In the mathematical formulation we followed the common procedure used in the finite element
method [1].

2.1 Geometric discretization

In the geometric discretization we used triangular elements defined by the three corners. Inside
the element we used the triangular coordinate system which enables to treat all the elements
similar]y, they differ only in the global coordinates of the cornernodes.

2.2 Dlscretnzatlon of the functlon space

Following from the lower bound theorem, we have to deal only with the stress distribution and
can completely ignore the strains and displacements, In general case, the stress distribution can
be discribed by six stress parameters. For thin plates, loaded in its own plane we can assume the
plane stress state, in which case three stress parameters are zero. The other three parameters can
be derived from a common arbitrary function, called the Airy stress function ([4]) as follows:

agf & f
o-.r=.;§é_5 o, = d(‘/:, Ty &g/

As aresult, we have one unknown function, the 7(x,y) Airy function. Following from the
geometric discretization, we defined the Airy function separately for every finite element as the
function of the area coordinates. Inside the elements we assume linear variation of the stresses as
an approximation. This involves the Airy function to be full third degree function of the
coordinates and can be expressed as

abee

' 10
Fsg,dg) =D 1i5(A, A0, 44)
i=l
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wher_e'l‘ ‘
" f(A,4,,,) is the Airy stress function as a function of the area coordinates; and

5,(4,,4,,4,) are specially selected weight functions,

A full third degree polinomial has ten degrees of freedom. The values of the weight functions are

.equal.te 1 in-one point out.of the ten s¢lected points-and zero-in all the other points. The values

of the Airy function in the nodes ( /) are the parameters of the problem.

2.3 Equilibrium equations .

- The iﬁtemal equilibrium of the elements is automatically satisfied through the previous choice of

the stress function, following from the definition of the Airy stress function. Later in this chapter
we will only exemine the interelement equilibrium.

Along the sides of two neighbouring elements the normal stresses perpendicular to the side and
shear stresses must be continuous. The normal stress paralel to the side may not be continuous. If
we select the Airy stress function to be continuous over the whole structure, it can be proved that
the continuity condition of the perpendicular normal stresses is automatically satisfied. To satisfy
the equilibrium of shear stresses we have to build constraints. The variation of the shear stresses
along the side is linear. This requires two constraints between every two neighbouring elements.

SRR

2.4 Boundary conditions

A serie of limitations follow from the lower-bound theorem and from the- ch01ce of the stress
function. These are: e

- within the scope of the lower bound theorem there is no way to prescribe support

displacement, N
- we assumed that the body forces are zero, therefore boundary conditions can be

prescribed only at the outer boundary of the structure,
- following from the linear stress distribution, the external load function must be lmear

over the elements and it must be continuous,
- the load can be either paralel or perpendicular to the side,
- a support - in order to be effective - must be at least two element long,
- any support may be paralel and/or perpendicular to a boundary side.

3. COMPUTER IMPLEMENTATION
The program is divided into five phases. These are:

Phase 1 : Formulation of the constraints,

Phase 2 : Factorization of the equations,

Phase 3 ; Formulation of the yield criteria,
Phase 4 : Optimization of the stress distribution,
Phase 5 : Postprocessing.
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In the first phase we build up a linear equation system from the constraints, which in practical
cases has free parameters, i.e. more variables than equations. We use a factorization process in
the second phase to separate the free and non-free variables and thus.eliminate the equations.

In general, the yield function is a non-linear function of the stress parameters and design
variables. Since we use a linear programming solver, the applied yield criterion shuold be
linearized in the following form: ..

ko, +kyo, + k3T, S1.

Here the &, parameters are user defined and may depend on material properties. Using a set of
yield criteria for every nodes, we can now build up the restrictions and the object function of the
LP problem:

maximize A

subject to

Hf o < Ar+1,

where

H is the restriction matrix depending on the linearized yield criteria,
J e 18 the vector of the free stress parameters,
r and 7, is the parameterized load vector (variable and constant part),

2 is the scalar load parameter.
The optimization is done by an effective algorithm specially designed for structural applications

(31151 :

The result of the optimization is the maximum value of the object function, and the vector of the

J'variables which produces this value. The stress distribution described by the solution vector is a

statically admissible stress field, which maximizes the external load, i.e. gives the exact collapse
load of the discretized and linearized problem. Since we approximated the geometry and the
stress distribution of the structure and also linearized a theoretical yield criterion, this collapse
load can not be treated as an exact collapse load or even a lower bound solution of the real
structure. However, if the mesh is dense enough and the yield criterion is linearized on the safer
side, the result can be accepted as a good approximation of the lower bound solution.

CONCLUSION

A general numerical method for limit analysis of homogeneous plane structures has been
established. The theoretical basis is the lower bound theorem and the finite element method
which has been shown very effective in many numerical application. However the upper-bound
theorem gives more visual results, this can be also calculated as the dual of the lower bound
solution with simple postprocessing. On the other hand, the lower bound method gives results on
the safe side and there is the possibility for further improvements.
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The applied method makes the material optimization also possible, when some functions of
selected material parameters (thickness, price, ete.) are to be optimized. An other improvement
may include a special linear element type for the modelling of reinforced concrete structures and

thus introduce inhomogenity into the system.

The method has been implemented in standard C language under Unix operating system. Due to
the efficient algorithms and the used computer, the execution time of the problems were very
modest. Since the program uses the ANSI C, it is easily portable to other platforms, including

DOS.
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1. INTRODUCTION

Since the 60s we know the basic operation of artificial neural networks which are similar
to the components of the human brain. The hardware and software necessary for the

computation has become adequate just recently.

I'll discuss a special field of digital image processing in my paper, namely the thematic
classification. I've made some experiments for doing this job with artificial neural

networks. :

2. NEURAL NETWORKS

The basic elements of a neural network are the neurons, connecting themselves

networklike (Fig. 1).

Neural Network

inputs

Fig. 1 Schema of a neural network

. Output - .

The neurons add the signals coming on their inputs by weighting and compute the output
after 4in answer function. The answer function (called also transfer function) is mostly a

logistic sigmoid

1
1+e7

f(x)=
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The'most popular network type is the so-called backpropagation network. The course of

operation of a backpropagation neural network is the following:
1. Setup the network: determining the number of layers aﬁd the amount of théif
neurons, : e

2. Selection of the training set and training the network: In the first step of
learning we choose the weights and biases randomly. (Biases characterize the
transfer function.) Of course, there are special methods to accelerate the
learning; these methods select the weights and bias values — network
parameters — not so freely. After we calculate the net with these initial values
(feed-forward), the given errors must be adjusted on the network parameters
(backpropagation). The calculation must be repeated. until the network error
reaches a given rate. REET R

3. Use of the trained network: A purely feed-forward phase.

Beside the mentioned method there are othér organized ﬁeural netWorlcs. e.g. Hopfield-
networks [2].

3. THEMATIC MAPPING

The aim of the thematic mapping in digital image processing is to assign each pixel of a
digital image (e.g. satellite image) to any thematic class meanwhile the classification error
should remain as low as possible [3]. We can choose numerous mathematical solution to
determine thematics from the input gray-level values. The generally used minimum
distance method that belongs to the supervised classification methods, assigns the pixels
to the nearest class in the intensity hyperspace. In contrast to that the maximum
likelihood method will choose the most probable class for the image points. The
mentioned methods need the determination of the parameters which can be computed
from the training areas [1] [4]. ‘

4. NEUROCLASSIFICATION

In the experiment I made the classification for a LANDSAT TM image with six bands
containing Budapest in it by traditional (minimum distance, maximum likelihood) and
neural methods. The test area was about 125 km?2 (301 x 460 pixels). I used 2 and 3
layer neural networks with different number of neurons. Because of the six bands the
number of the input neurons was given. I differentiated four classes, so the number of the
output neurons was four. I've chosen two training areas pro thematic classes for which
the means and covariance matrix were calculated. I trained. the neural networks with
eight input vectors containing only the band means.

The classification result shows that the operation is highly depending on the network
structure. It's possible to find such a structure which is very similar to the result of the
traditional methods. An advantage of the neural methods is the possibility to import other
data into the classification, not only grayscale values [5].

204

s e et
:

5. CONCLUSION

It was proved in my experiment that the thematic classification using artificial neural
networks is possible. The result depends on the network structure but a 3-layer neural
network is able to produce acceptable thematic map. I'l refine the applied models and

will try out further ones, too.
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GPS MERESEK FELDOLGOZASA ES TERINFORMATIKAI

| FELHASZNALASA

Sziles Ldiszlo
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1521 Budapest, Milegyetem rkp. 3.

A geodézidban napjainkban olyan valtozasoknak lehetiink szemtanii, melyekhez
hasonlok a kézépkorban az osztott korokkel miikods, modern formaban napjainkban is
megtallhaté mérémiszerek megjelenésekor torténtek. A valtozasok érintik a
miiszereket, de alapvet§ fordulat torténik a mérések feldolgozasanak teriiletén is.
A miiszerek terilletén a nyolcvanas években megjelentek a konnyen kezelhetd,
miholdakat hasznilé mérSmiiszerek. A gyakorlatban ma mir a NAVSTAR-GPS
rendszer a legelterjedtebb. Ezt a rendszert eredetileg az Amerikai Védelmi
Minisztérium navigacios célokra hozta létre. Célja, hogy barhol ¢és barmikor, a Foldon
65 kozeli kornyezetében rovid id6 alatt pontos helyzeti, 18- és sebesség-adatokat
szolgaltasson a terepen mozgé katondk szdméra. A cél megfogalmazdsabol is lathato,
hogy a rendszer meglehetdsen kozel all a foldméréshez, melynek feladata a Fold
alakjénak és nehézségi erSterének, valamint a rajta taldlhaté természetes és mesterséges
objektumok helyzetének meghatirozasa. -
A rendszer miikodésének elve, hogy hat miholdpéalyan 4-4 miihold kering 20000 km
magassigban. Ez a kialakitds lehetové teszi, hogy a miiszer barhol is van a szabad ég
alatt, legalibb négy mesterséges hold jelét képes észlelni. A miiholdak éltal sugérzott
_ pilyaelemek alapjan szémithatok a miiholdak koordin4tii. Megmérve az antenna
tavolsagat a miholdaktél, meghatérozhato az antenna helyzete.
A tavolsigmérésre két médszer terjedt el. Az egyik lehetSség az, bogy a mihold altal
sugdrzott jelek futdsi idejét mérjiik a mithold és az antenna kozott. A futési id6t a fény
terjedési sebességével megszorozva megkapjuk a tdvolsigot. Ezt a modszert hivjuk
kédmérésnek. A mésik lehetdség a tivolsig meghatdrozésara a fizismérés. Ebben az
esetben a sugirzott jel beérkezési fazisat mérjik. A hullimhossz ismeretében a
beérkezési fazisbél szémithaté a hullimhossznal kisebb tavolsag. A tdvolsag
meghatdrozasiban ismeretlenként jelentkezik a hullimhossz egészszamu tobbszorose,
melyet a feldolgozas sorén hatérozunk meg. Mint a legtobb esetben, a GPS méréseknél
is az abszolat mérés sokkal pontatlanabb a relativ mérésnél. A pontok térbeli helyzetét
abszolut médon csak tobb tiz méteres nagysigrendii hibaval hatarozhatjuk meg. Relativ
méréskor, azaz amikor a két pont kozotti vektort keressiik, a pont meghatdrozasanak a
pontossiga kédméréssel legjobb esetben is kb. 80 cm, fazismérés esetében néhany
milliméter, ezért geodéziai halézatok mérésekor a fazismérést kell haszndlnunk, de
egyes feladatokhoz elegendd a kédmérés is. ,
Az 1995-ben rendezett szimpbziumon még csak a kédméréssel elért eredményeket
tudtam ismertetni, azonban idén a Miskolci Egyetem Banyamérnoki Karanak Geodéziai
és Bényaméréstani Tanszéke jovoltabol kolcsonkaptunk egy fézismérésre alkalmas
vevét. Kozosen haszndlva a FelsSgeodézia Tanszék féazismérésre alkalmas vevljével,
geodéziai pontossagi méréseket tudtunk végrehajtani. ,
A Fotogrammetria Tanszékkel kozosen kodméréssel dolgozo navigdcioés vevovel
készitettik a Mosonmagyarévér melletti autépdlya térképezését, hogy feltiintessiik a
térségrdl készilt GIS rendszerben. Mivel a GIS rendszert 1:10 000 vagy annal kisebb
méretarinyn térképek felhasznalasival készitettiik, a legnagyobb elvarhato pontossag a
pontok bemérésénél 2-3 méter volt. Erre a célra megfelelt a navigdcios vevo. -
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az Egyetem eldtt a Duna ket partjan egy hatpontos
halozatot hoztunk létre. A halézat négy pontja a negyedeéves hallgatdk halozatmérési
gyakorlatdban méir obb éve szerepelt, igy koordinatdikat nagy megbizhatosdggal
ismertiik. Ebbe a halézatba illesztettiink be még két pontot. A Jétrehozott haldzatban
igen sok, egymastol figgetien mérés tortént, melyek a GPS mérések pontos§égi
vizsgalatat tették lehetdvé. A vizsgilatok eredményei alapjan arra a kovetkeztetésre
jutottam, hogy a bizisvektoroknak a gyéri feldolgozo szoftverrel szdmitott a prion
Lovarianciamatrixa kb. 20-40-szer kedvez8bb képet mutat, mint a valdsag. Bz megfelel
a szakirodalomban hasonld vizsgdlatokkal kapott eredményeknek.

A geodéziai vevd megérkezésekor

1. dbra Az Egyetem elott

Diplomatervezés keretében a hilozatba Gjabb pontokat illesztettiink kinema?ii;us.mérési
eljardssal. A kinematikus merés lényege, hogy nem kell a vevinek hossza _{d@lg egy-
egy ponton llnia, hanem mozog a terepen. A bemérendd ponton csak rovid 1df>1g‘;
tartozkodik. Hatékonysiga a statikus mérésnek a tobbszorose, ezért a GIS
rendszerekben adatgy(ijtésre haszndlhatd. o
Megvizsgaltuk a navigdcios vevével orténd relativ kinematikus mérésekkel e]erhe?;o
pontossdgot. Tapasztalataink szerint a vérosi autdnavigiciohoz ez a pontossig
megfelelne. Felszerelés hidnydban az eredményeket csak utofeldolgozdssal tudtuk
szédmitani, nem tudjuk a valésidejii feldolgozast megvalositani. .
A felhaszndlt két geodéziai pontossdgd vevlt a Penci Kozmikus Geodéziai
Obszervatérium teriiletén létesitett halozatban kalibraltuk. Az ellenbrzés legérdekesebb
eredményét a nulla hosszisdgl bizisvonal mérése jelentette. Ekkor a két mliszer ki}z&}s
antenndt hasznal. Elvileg a bizisvonal hosszanak pullanak kell lennie. A feldolgozasok
tizedmilliméteres bizisvonalakat mutattak. Ez magukra a vevs mifszerekre jellemzd
érték. A kapott eredmények alapjan a miszereket hibatlannak tekigthgtj'ii'k.,

Diplomaterv keretében megmértik a Soskaton Iétesitett geodinamikai hdlézatot, melyet

a nyolcvanas évek elején Jstesitettek a geodinamikai mozgésok kimutatasara. 1990-ben

tortént az elsé GPS-szel végzett mérése. Az eltelt hat évben GPstzel nem mérték a
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h4lézatot. Méréseink megfeleld 6sszhangb éré i
’ gban voltak az alapmérésekkel, igy n
mozgasokra nem kovetkeztethetiink. : ’ By nagyoRd

2. dbra. A BME Soskuti geodinamikai halézata

A fent leirtakbol is latszik, hogy a GPS a geodézia egyre tobb teriiletére tor be
: Legfon‘:losqbl,) felhasznalési tetiiletei a haldzatmérések és a térinformatikai adatgyijtés. '
AZ’ elrpl}lt idészakban a térképezéshez és a mérndki hilozatok létrehozdsahoz szitkséges
m’er'ém és feldolgozasi eljarisokkal foglalkoztam. A jov8beni feladat a nagypontossagu
halézatok feldolgozasi modszereinek vizsgilata lesz. ¢
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A MAGYARORSZAGI GPS ES VIZSZINTES HAROMSZOGELESI
HALOZAT OSSZEHASONLITO VIZSGALATA

Virdg Gabor
BME Felsdgeodézia Tanszék
Bp. Miiegyetem rkp. 3.

1. A MAGYAR-.OSZTRAK-SZLOVAK«-CSI:IH, 1. RENDU VIZSZINTES
HALOZATOKAT OSSZEKAPCSOLO GPS MERESEK FELDOLGOZASA

A mérés célja, végrehajtisa és feldolgozisa

A mérés célja a hagyomdnyos médszerekkel 1étrehozott magyar &s csehszlovik
orszagos geodéziai hélozatok hozzékapcsoldsa a nyugat-eurépai ED-87 rendszerhez.
Ennek érdekében a hatdrmenti savban Kivalasztottak Lrendii pontokat mind a négy
orszagban, majd ezen pontokon méréscket végezve meghatirozhatok a pontok GPS
rendszerre vonatkozé koordinatii. Ezeket a koordinatdkat mér 4t lehet szimitani az
ED-87 vonatkozsi rendszerbe. A méreseket 1993 oktéberében hajtottdk végre,
melynek sordn 12 magyarorszagi ponton vé reztek észleléseket. A mérési eredményeket
az Osztrak Tudoményos Akadémia Grazi Obszervatériumaban és a FOMI Kozmikus
Geodéziai Obszervatoriumdban Pencen dolgoztik fel [5,7].

A mérési eredmények vizsgalata

Az adatok korlatozott hozzdférhetdscge kovetkeztében az elvégzett vizsgalatok csak

Magyarorszigon talalhato pontokra vonatkoztak.

Mivel a végleges feldolgozds eredményeit nem sikeriilt beszerezni, ezért a vizsgilat elsd
1épéseként a pontok kiilpontossdgi elemeinek szdmitasi eredményeit moédositottam a
vetiileti meridian konvergenciabol adodo mértékben. Ezdltal rendelkezésiinkre alltak a
pontok térbeli derékszogli koordinitdi az 1993.8 epochdra szamitott ITRF91
rendszerben.

A vizsgalathoz szitkséges misik adatcsoport a pontok HD72 Gdtumra vonatkozo térbeli
derékszogli koordinatdi. Ebhez elfszor az y,x EOV sikkoordinatakbol ellipszoidi
foldrajzi koordinatakat szamitottam, majd az ellipszoid feletti magassig kiszamitasihoz
a H ortométeres magassdghoz hozzdadtam az alabbi moédon meghatdrozott
geoidundulacio értéket. Jelenleg Magyarorszag legpontosabb és Jegnagyobb felbontdst
geoidjat Kenyeres Ambrus hatdrozta meg a penci obszervatoriumban, mely geoid a
GRS80 ellipszoidra vonatkozik. Az erre vonatkozé unduldci6 értékeket a Vening-
Meinesz Gsszefuggésekkel [4] tszdmitottam az JUGG67 ellipszoidra. Erre azért is
szilkség volt mivel nem mindegyik ponton volt ismert az JUGGG67 ellipszoidra
vonatkozé geoidunduldcio. . '

A lokélis transzformécié vizsgélatihoz kihagytam a tovabbiakban a teriilett6l nagy
tavolsagra 1év8 Penc nevil pontot. A Bursa-Wolf modell [1,6,8] felhasznaldsaval a
kovetkez6 eredmények adédtak. A méretardny-tényezd értéke ~4.5 ppm, amely
jelentGsen eltér az orszagos atlagtol [2,8], viszont nagyon j6 egyezést mutat az orszagos
halézat nyugat-dundntali részének 4-6 ppm-es értékével [8]. A transzformicié utdn
visszamarado javitasok atlagos értcke mindossze 7 cm, amely messze alatta marad az
orszégos halézatra adodo 27 cm-es értéknek, de még a maximalis érték is csak 10 cm

koriili,
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2. ATSZAMITAS A KOZOS PONTOK TERBELI DEREKSZOGU

KOORDINATAINAK KULONBSEGE ALAPJAN - .
A moédszer alapelve

Ha rendelkezésiinkre Allnak a kozos pontok térbeli derékszogli koordindtdi a GPS
vonatkozdsi rendszerében és az orszigos alapponthalozat vonatkozisi rendszerében,
akkor minden egyes kozos pontra kiszamithatok a koordinata - komponensek
killonbségei. A kiilonbség  értékek alapjdn minden  egyes komponensre
megszerkeszthetd egy “izovonalas dbra [3]. Ha van olyan pont, melynekkoordindtai
adottak az egyik rendszerben, akkor a koordinatik alapjan megkereshetjiik a pont helyét
az 4brin, majd interpolécioval erre a ponira megkaphatjuk a koordinata~kiilonbség
pontbeli értékét, amibdl egyszeriien szémithatjuk a mdsik rendszerre vonatkozo
koordindtakat. '

A médszer gyakorlati alkalmazhatésiginak vizsgalata

Az Orszagos GPS halozat 43 kozos pontja alapjin megszerkesztettem a SURFER
programrendszer segitségével az izovonalas dbrakat. Az 1. abrdn lathato példaként az X
koordinata kiilonbség dbrajat. Az abrin a deciméteres izovonalak vannak dbrdzolva,
melyek felhasznalasival remény van arra, hogy az dtszamids pontossdga néhiny cm
legyen. Ez azonban még tovabbi vizsgilatokat igényel.

. . 22.00 23.00
16,00 17.00 18. 00 49,00

49.90

48,50 48,50

48,00 46,06

47.60 47 .50

47.00 . 47,90

46.60 46,50

- 46,00 |- 46,00

A, K’k
[ O T | L4\ [T TN N W% B U 45,50

20.00 = 21.00 22.00 23.00 ~-

45.50 L—ltd ' .
16,00 17,00 18,00 19,00

1. abra Az X koordindtak kiilonbsége alapjan szerkesztett izovonalas dbra
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A DIGITALIS KEPFELDOLGOZAS LEHETOSEGEINEK
VIZSGALATA AZ ARC/INFO ESZKOZTARAVAL

Nagyné-Gerencsér.Andrea
Budapesti Miiszaki Egyetem
Fotogrammetria Tanszék

1111 Budapest, Miiegyetem rkp.1-3.

1. BEVEZETES

Munkank célja az volt, hogy a teljesség igénye nélkiil bemutassuk azokat az eljarasokat,
melyekkel kiilénbéz6 archiv alapanyagokbél foldhasznalati térképeket éllithatunk el8. A
munka soran felépitiink egy kdrnyezeti, digitalis adatbézist térinformatikai eszkozokkel.
Ez az adatbazis a kés6bbiekben a felhasznaldi igény szerint bovithetd egyéb
informéciokkal. Az adatbézis alkalmas térbeli és id6beli valtozasok vezetésére,
tervezésekhez (pl. ut-vastt), kornyezet- allapot vizsgélatra is.

A koérnyezetvizsgélat és a kornyezetallapot megOrzése, illetve javitasa napjainkban igen
fontos kérdéssé valt. Reméljiik, hogy a kbzeljovben egyre tobb e témaban jartas
szakember ( és nem szakember) veszi majd igénybe a térinformatikai rendszerek kindlta
sokszin{ felhasznalasi lehet@séget, mivel mar sok tertileten igen elterjedt napjainkban
ezeknek a rendszereknek a hasznélata.

2. A RENDELKEZESUNKRE ALLO ALAPANYAGOK

1:10000 topografiai térkép (1985)

1:25000 topografiai térkép (1972 és 1985)
1989-¢s 1égifénykép

1985-ds és 1986-0s TM kompozitok nagyitdsai

3. A FELADAT MEGOLDASA SORAN ALKALMAZOTT ELJARASOK

A'xzer,ldelkezésﬁnkre all¢, az el8z8ekben felsorolt archiv alapanyagokbol két kiilonbozs
eljardssal f6ldhasznalati térképek készitése térinformatikai rendszerben.

Az egyik eljaras, melyet a feladat megoldasa soran alkalmaztunk az osztalyozas.
A 1'1'1zis'ik. elj_érés soran a topografiai térképeket digitalizaltuk, illetve a légifényképet
feliildigitalizaltuk, majd ezek kiértékelésével, interpreticidjaval elkészitettiik a

foldhasznalati térképeket.

A7j osztély(?zést, valamint a digitalizalt térképek szerkesztését az ARC/INFO szoftverrel
hajtottuk végre, a térképeket pedig ArcView alatt hoztuk végleges formaba.

3.1 Az osztialyozas
A szamitogéppel végrehajtott osztalyozds feladata az, hogy az egyes képelemek

(pixc;}ek) spektralis jellemz8it 6sszehasonlitva az adott képelemet a megfeleld osztdlyba
sorolja.

Az osztalyozo eljarasok két csoportba sorolhatok:

~ellendérzott,
-nem ellendrzott osztalyozas.

Az ellendrzott (supervised) osztélyozasnél a kiilonboz6 osztalyok spekiralis j ellemz6je
¢lére meghatarozott az tn, tanitd vagy tesztteriiletek alapjan. Ezeket a tanitoteriileteket a
felhasznald teljesen szubjektiv modon vélasztja ki, Ez torténhet példaul dgy, hogy
kezébe vesz egy térképet és annak segitségével jeldli ki ezeket a tanitoteriileteket.
PL.:ipari teriilet, telepiilés, gyiimolesds stb. Maga az osztalyozas aztan a legismertebb ¢s
leggyakrabban hasznalt médszerrel, a Maximum Likelihooddal torténhet. A modszer a
kivalasztott osztalyok statisztikai jellemz6i alapjin valosziniiségeket szémol és a
hozzarendelés a legnagyobb valosziniiség szerint torténik meg.

A nem ellen8rzdtt (unsupervised) osztalyozasnal nincsenek elére kijelolt tanitoteriiletek
az osztalyozs megkezdése el6tt. Més széval ez a tanitd nélkiili osztalyozas. N

Az eljaras sordn meg kell adnunk az osztalyok szdmit (pl. 10 osztalyt szeretnénk
megkiilonboztetni) és a csoportositast a szoftver végzi el. Ez a klaszterezés[4].

3.2 A meglévé térképek digitalizdldsa

A meglévs térképek manudlis digitalizaldsa a geometriai adatnyerés viszonylag olcsé €s
gyorsan elvégezhetd modszere. A digitalizalas analog-digitalis dtalakitds, amellyel a
tétkép egyes pontjaihoz szamszer( koordinatkat es kodokat is rendelbetiink. Ennek
kovetkeztében alkalmazasa széles korben elterjedt.

A térképek manualizaldsanak munkafolyamata Detrekdi-Szabd (1995) alapjan a
kovetkez6 részekre bonthatd:

- elBkészités,
- a digitalizalds,
- az adatok szerkesztése.

Az elékészités a rendelkezésre 4116 analog térkép aktualitisinak ellenbrzéscbdl és a
digitalizalni kivant tartalom kiemeléséb6l tevidik ossze.

Az aktualités ellen8rzése helyszini bejarasbol, a térképrél hidnyz6 objektumok
helyzetének meghatdrozasabol (pl. GPS-vel), ill. a térképnél frissebb légifényképek
interpretaci6jabol all. A digitalizalas sorén generalizalunk is.

A digitalizalas pontosségara a 0.05-0.10 mm érték a jellemz®. Bz az érték azonban csak
a digitalizalas miiveletéb6l adodé hibékat jellemzi, s nem tartalmaz informaciot az
eredeti térkép pontossagara vonatkozolag.

Az adatok szerkesztése a munkafolyamat harmadik 1épése. A szerkesztés 1épései a
kovetkez6k Detrekdi-Szabd (1995) szerint: '

- a hibak javitasa,
- a hisnyz6 adatok potlasa,
- a topoldgia kialakitasa,

A hibak javitasa az eredeti térkép és a digitdlis alloméany dsszevetése alapjan lehetséges.
A hidnyz6 adatok pétldsa a hibak javitisahoz hasonl6an vizualis 8sszehasonlitas itjan
torténhet. A topologia kialakitasat a taroldsi médnak megfelelden kell elvégezni.
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Az eljaras elényei:
- viszonylag nem driga eszk6zt,
- kevés szakismeretet igényel[3].

4. OSSZEGEZLES
4.1 Az osztdlyozis ei‘edménye

Els6 lépésként beszkenneltik a 1égifényképet és az firfelvételeket.

Onmagaban a 1égifénykép alkalmatlan volt az osztalyozésra, ezért ezt az lirfelvételbe
transzformaltuk. fgy kaptunk egy 6 sévos multispektralis-kompozitot , mely mar
alkalmas a tovabbi feldolgozasra. _

A képen 7 kiilonboz6 osztalyt sikeriilt elkilloniteniink. Egy-egy osztalyhoz 3-4
tanitoteriiletet jeloltlink ki. Az osztalyozast a szoftver Maximum Likelihood médszerrel

hajtotta végre.

Osszefoglalva: az osztilyozas egészét tekintve, a kapott eredmény durva hibaktol
mentes. Az osztalyozas eredményét elfogadjuk.

Az osztalyozas eredményét elfogadva sziikség volt a képek szlirésére. Erre
legalkalmasabb és mindig bevalt szlir6 a medidn és a majority. A szilirés azért
sziikséges, hogy a néhany pixelbdl 416 foltokat, illetve az egyedi pixeleket, melyeknek
osztalyba soroldsa nem megfelel§ (hibds) modositsuk.

Sziirés utan vektorizaltuk az osztalyozott képet. Ez a vektorizalt osztalyozott kép mar

alkalmas arra, hogy az ArcView alatt mint térképet kezeljiik és kiszinezziik.

4.2 Térképkészités digitalizildssal.

Ebben a pontban foglalkozunk a hagyoményos \iton késziilt, digitalizalt térképeink
létrehozdsdval és a megvaldsitas esetleges problémaival.

Ezutén a digitalizalast (ezt nevezziik feliildigitalizalasnak, megkﬁlénbéiztetve a térképek
manuélis digitalizalasatol) magan a 1égifényképen is elvégeztiik, mivel tgy gondoljuk,
hogy ez a médszer szolgéltatja a legaktudlisabb térképet. Ez a megoldéas pontosabb, mint
amikor a valtozasokat a meglévd térképen szerkesztéssel modositjuk.

Digitalizalds utan valamennyi térképiinket a kordbban mér emlitett Grfelvételbe
transzformalt 1égifénykép geomemal rendszerébe transzformaltuk illesztGpontok
segitségével.

Mint ismeretes a digitalizalt térképek nem hibatlanok. Milyen gyakori hibak fordulnak
el6? Pl

- 2 vonal nem egy csomopontban talalkozik,

- poligon nem zarddik,

- hidnyzik vonal,

- egy vonal nem ér el egy masikat vagy éppen tallog rajta stb.

A hibédk kijavitasa utan felépitettiik a topoldgiat. Erre minden esetben sziikség van, mert
enélkiil nem tudunk tovabb dolgozni, térképet késziteni.
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1. BEVEZETES

Napjainkban a méholdas helymeghatarozasi technika, a GPS (Global Positioning
System) megjelenése forradalmi véltozdst hozott a foldtudomanyok teriiletén. A
kutatisok legfontosabb eszkoze lett a geodéziatél a geofizikdig. Az elmilt 5 évben
Magyarorszagon és a kozép-europai térségben egyarant elkezdddtek a GPS méréseken

alapulé geodinamikai kutatasok. _
A kovetkezdkben ezek a programok és eddigi eredményeik kertilnek ismertetésre.

2. A KOZEP-EUROPAI REGIONALIS GEODINAMIKAI PROGRAM

2.1 A projekt célja

1993-ban lengyel és- magyar szakemberek kezdeményezésére indult a Kozeép-.
Eur6pai Regionalis Geodinamikai Program (CERGOP). Célja, hogy a régioban folyo

geodinamikai kutatasokhoz alapot nytjtson. Megprobalja egyesiteni a kilonboz6 tipusu
korszerli mérési technikakat: abszolit gravimetrit, extenzometriat és végil, de nem
utolsé sorban a kiilonféle mitholdas technikékat, mint példaul a GPS. Jelen pillanatban ez
utobbi vezetd szerepet jatszik a CERGOP miiszerei kozott. A projekten belil az
"alapeszkoz" a Kozép-Europai Geodinamikai Referencia Halézat (CEGRN), mely 31

pontot tartalmaz (1. abra),

Az &bran fehér korrel jelolt pontok Ggynevezett tarsult pontok, azaz a CEGRN

mérésekkel egyidBben rajtuk is torténik észlelés, de a feldolgozasba nem kertilnek be.

A pontok 11 orszag teriiletén taldlhatoak. A halozat f6 célja, hogy egy jol definialt
referenciakeretet szolgaltasson a lokalis és regionélis geodinamikai kutatasokhoz. Masik
nemkevésbé fontos feladata, hogy segitségét’ nyujtson a régié geokinematikai
informaciokon alapulé tektonikai értelmezéséhez. A kitlizott célok elérésének utja a

CEGRN halézat évenkénti mérése GPS-szel.

A projekt céljainak megfelelden a pontok kivalasztasakor figyelembe vették
tobbek kozott, hogy minden fobb geologiai szerkezeti egységen legyenek pontok,

ugyanakkor megfeleljenek a GPS mérésekhez sziikséges feltételeknek.
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2.2 Feldolgozas
A feldolgozas 6t feldolgozokozpont (Ausztria, Cseh Koztarsasag, Németorszag,
Magyarorszag, Szlovakia) altal torténik meghatarozott stratégia szerint:
¢ Miholdpalyak naponta, feldolgozas L3 frekvencian, Ll-en és L2-n ambiguity
meghatarozas
s Troposzférdparaméterek meghatarozésa kétoras intervallumokra
o Két megoldas: szabad és rogzitett

s A szabad megoldast geodinamikai célokra hasznaljak; ezért ennél a megoldasnal nem
lesz rogzitve pont.

o A szabad megoldasbol szarmazé koordinata-kovariancidkat felhasznaljak a végsd,
. kombinglt megoldashoz,

o A feldolgozd kozpontok altal produkélt eredményeket osszehasonlitjdk. Az 1- cm

feletti horizontalis, és 2 cm feletti magassagi koordinata-kiilonbséget szolgaltato

megoldasokat kihagyjak a végsé feldolgozasbol.

» A rogzitett megoldést referencia-célokra (IGS) készitik, ahol IGS ( Nemzetkozi GPS
Geodinamikai Szolgalat) pontokat vonnak be a feldolgozisba. Ennek a stratégidja

jelenleg nincs kidolgozva. Még sziikséges az 1GS:szel " egyeztetni az altaluk

tamasztott kovetelményeket.

e A szabad megoldashoz un. CODE, a rogzitett megoldashoz IGS preciz palyakat
hasznalnak.
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A fenti kovetelményeknek megfelelden megtérténtek a mérések két epochara:
1994-ben és 1995-ben. Elkészillt a magyar feldolgozokozpont megolddsa 1994-re a
végleges, illetve 1995-re az eldzetes.

A 2. 4bran a két megoldas Osszehasonlitasnak eredménye lathaté a magassagi
komponensre. Lathaté, hogy altalaban az eltérés 2 cm alatti. Kivételt képez BASO,
LJUB és BRSK. Itt a kiilonbség joval tobb mint 2 cm. A probléma oka jelenleg még

nincs tisztazva. »
Néhany ponton (az abran sziirkével jeloltik) 1994-ben nem tortént mérés vagy nem volt

megfelel6 az adatok mindsége.

L4

2. dbra Az 1994 és az 1995 évi CEGRN kampdnyok eredménycinek Gsszehasonlitdsa

A CEGRNOS feldolgozasa jelenleg is folyik. Geodinamikai eredmények csak a
program befejezése utdn, az osszes méres eredményének értékelése utan varhatd.

3. A MAGYAR GPS MOZGASVIZSGALATI PROGRAM - ¢ -

3.1 A program célja

A Magyar GPS Mozgasvizsghlati Program oélja a Pannon-medencében zajlo
hosszh tava tektonikai mozgasok detektalasa valamint egy referencia halozat 1étrehozasa
a lokalis teriletek GPS technikén alapul6 deformaciovizsgalatéhoz. A pontok (3. dbra)
lehet8ség szerint sziklan vannak elhelyezve és nemzetkdzi szabvanyoknak megfelel(ifan'
allandésitva. Az Allandésitasi mod  kidolgozasat a penci Kozmikus Geodéziai
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Obszervatdriumban végezték. A halézat csatlakozik a globalis IGS és a reglonahs

CEGRN hal6zathoz.
Az elsé harom epocha mérésére 1991-ben, 1993-ban és 1995-ben kertilt sor.

3. abra A Magyar Geodinamikai Hdlozat
3.2 Feldolgozéé l

A mérések feldolgozasa a penci Kozmikus Geodéziai Obszervatdriumban torténik
Bernese V3.5 szoftverrel. A siratégia hasonld az el8z8ekhez. CODE preciz palya
felhasznalasaval egynapos palyaiveket szamolunk. Ambiguity meghatérozas "Sigma"
stratégiaval, A koordinataszamitas L3 frekvencian torténik, az Osszes mérési eredmény
felhasznélasival, Minden pontra troposzféra paramétereket hatarozunk meg kétoras
intervallumokra.

Kovetkezd 1épés-lesz az eddigi hdrom epocha eredményeinek egyiittes v1z¢;galata
és természetesen a kovetkezd mérések feldolgozéasa. :

OSSZEFOGLALAS f o

A két mozgasvizsgalati program nagy jelentGségii a térség tektonikéjanak jobb
megértése szempontjabdl. A geoldgiai mozgasok évente kis mértékliek Kozép-
Eurépaban illetve Magyarorszagon, ezért az esetleges mozgasok kimutatésa csak tdbb
éves mérési sorozat feldolgozasaval lehetséges. Az eredmények értelmezéséhez pedig a
foldtudomanyok (geodézia, geoldgia, geofizika) szakembereinek egyltimikodése
szitkséges. .
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ATTORT FALAKKAL MEREVITETT EPULETEK
MEREVSEGI KERDESEI S

Manninger Marcell L
Budapesti Miiszaki Egyetem, Magasépitési Tanszék .
H-1521 Budapest ' -

1. BEVEZETES

Az épilletek merevitésének szamitasara tobbféle eljaras ismeretes. A megfeleld kovetel-
ményeknek cleget tevo keret- illetve falszerkezetek diszkrét és kontinuum modelljének
[3] targyalasa is mindennapi rutinna valt a mérndkok korében. A végeselem programok
adta lehet6ségek mellet valojaban nem ismeriink megoldhatatlan, vagy kiszamithatatlan
szerkezeteket. '

Az eldtervezés, a kozelitd méretfelvétel soran azonban még nem all rendelkezéstinkre a
majdani, a fent emlitett eljarasok valamelyikén végigfuttatando szerkezet, hiszen épp en-
nek kitalalasa a célunk. Kutatasi programunkban felvallalt feladatként az eltervezéshez
nélkilozhetetlen nyiraskozéppont helyzetét vizsgaljuk. Az analitikus vizsgalat lehetoséget
ad biztonsagos altalanositasok megtételére. Ennek szellemében alkalmazzuk. a nyirasko-
zéppont vizsgalatdhoz az épilletek attort merevitd falainak szendvicsrad modelljét [1].
Tessziik ezt mas szempontbdl azért, mert e modell alkalmat nyijt a keretszerkezetek
hajlitasi és nyirasi alakvaltozasanak egytittes vizsgalatara. Ennek jelentdssége abban all,.
hogy az attort merevitd' falak jelentenek alakvéltozasi szempontbol dtmenetet a - jellem-
z6en hajlitési alakvaltozast végz - tomor falak és a karcsi elemekbél allo - jellemzben

nyirasi alakvaltozast végz6 - keretek kozott.

Jelen tanulmanyunkban a két kilonb6zo 4ttort falbol allo rendszer nyirds- és csavardsi
kozéppontjanak meghatérozasat mutatjuk. be. Ehhez tehat egy-egy fal esetén a szend-
vicselmélet ridmodelljét alkalmazzuk, amelynek alakvaltozasai és terhei kozott a kovet-
kez6 differencialegyenlet-rendszer irhat6 fet

(BoB1 /' S) wy"'(x) - (Bo + B) wo"" (x) = (%) . .M
~(Bo/ ) wi" () = w/'(x) o o )
ahol:

By a merevitd fal oszlopainak globalis hajlitasi merevsége (Steiner-tag)

B a merevitd fal oszlopainak lokalis hajlitasi merevsége

S a merevitd fal nyirasi merevsége

wy(x) a merevitd fal hajlitasi alakvaltozasfuggvenye

wy() a merevit fal nyirasi alakvaltozas fuggvénye

g(x)  akulso vizszintes teher

x valtozo a fal magassaga mentén

(a teljes alakvéltozas a nyirasi és a hajlitasi alakvaltozas osszegeként adodik: w= wp + Wy )
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2. A NYIRASKOZEPPONT

A nyiraskozéppont - definicidja szerint - az a pont, amelyben hattatva a kiilsé terheket, a
rendszer elcsavarodas nélkiil eltoloédik. Ez a merevit6 falakra értelmezve azt jelentené,
hogy az ebben a pontban hato kiilsé terhek esetén a falak elhajlasa azonos nagysagi lesz,
A merevitd falaknal azonban (mivel nem csak hajlitasi hanem nyirasi alakvaltozastis vé-
geznek) nem egyetlen nyiraskozéppont adddik, hanem a magassag mentén valtozd hely-
zetll nylraskozéppont, azaz nyirasi kozépgorbe. Feltételezve, hogy a széltehernek megfe-
lelé egyenletesen megoszld g nagysagt teher hat, a fenti differencialegyenleteket alkal-
mazva a kgvetkez6 egyenletrendszer adodik:

az 1. szamq falra:

(BoiBiu 7/ S1) Wl ") - (Boy + Bu) wor " (%) = ~qu(x)
-(Bos ' S) wo, (%) = ws/(x)

a 2. szamu falra:

(BoaB12/ S o2 ") = (Boy + Bu) wn"" () = ()
_-_(Boz /82 i) = wi(x)

és a fent irt két feltétel szerint:

9% + @) = g
Wpp + Wyp = Wpo =+ Wy

Az ggyenletrendszer atrendezésével a két fal hajlitasi alakvaltozasaira a kovetkez diffe-
rencialegyenlet-rendszer kaphato: '

(Bu+ Biz + Boy) Wb/"i- (Bor/ S))(Bu + Bipww)” + Bowi” = q
(B/1+ BIZ + BOZ) WbZH - (Boz/Sz)(Bu + B[z)WbQVI + Bo/Wb/”/ =q

Mitrix alakban irva:
Aws"-Bwy " =g 3)

arnely alakilag megegyezik az (1) szami egyenlettel. Ketténél tobb fal esetén sem esik
szét az egyenletrendszer szerkezete, csak a matrixok és a vektorok mérete novekszik.

A (3) szamQ matrixegyenlet egy allandé -egyiitthatoju, hatodrendl inhomogén differen-
cidlegyenlet-rendszer, amelynek megoldésa tulajdonképpen egy éaltalanositott sajatérték-
probléma megoldasat jelenti. Ezt elvégezve a falak hajlitasi alakvaltozasaira a kovetkezok
adodnak;
Wy = Cor + Cryx + Coyx + Cyy x* -+ q x* / [24(By; + Bop +By + Bp)] +
A + le leitﬁlx + C61 e,wx + C71 el7x + C8] e/{&v
Wy = Cop + Cizx + C;ng + C32x3 + qx4/[24(801 + Boy +By + Bp)] +

+ Cs wsp €+ Coywsy &% + Cyywyy & + Cyywsy &%

ahol:
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Cy integralasi allandok (9sszesen 12)
As, As, A7, g a zérustdl kilonbozo sajatértékek
Wi, Wiy az egyes sajatvektorok komponenseinek aranya

A szendvicsrudakra végenként harom-harom peremfeltétel irhat6 fel. Ez a két rad négy = = "~

végén dsszesen 12 peremfeltételt jelent. Minthogy a sajatériékek és a sajatvektorok komi-*
ponensei arinynak értékét a sajatérték-probléma megoldasa szolgdltatja, az integralasi
allandok a peremfeltételek segitségével egyértelmilen meghatérozhatok.

A hajlitési alakvéltozasfiiggvényekre kapott eredményeket az (1) szamu egyenlet- ~*7*°

be helyettesitve mégkaphatjuk a g egyenletesen megoszlé teherbdl a két falra (azonos
alakvéltozasuk mellett) jutd terheket: ‘ : e

q1(x)=(Bor+Bi1)/(Boi+Box+ B + Bi)q+Ksie"+ K+ K e+ Kg1e™
G2(%)=(Boz+ Bi)/(Bor+Bort Bu+Bio)q + K 526"+ K 56"+ K 7™+ K g™

A két fal barmelyikére felirt nyomatéki egyensulybdl megkaphatd a nyfraskizépgorbe
egyenlete, pl.. ' '

Ony(x) = ‘]l(x)L/‘I

ahol:
L a két fal tavolsaga

3. A CSAVARASI KOZEPPONT

A csavarasi kozéppont vizsgalatanal a két falra falanként egyenletesen megoszlo, de el-
lentétes iranyn terhet milkodtetiink (tiszta csavards esete). Ekkor mindkét falra felirhatd
egy-egy, az (1) és a (2) szami egyenletekbdl allo egyenletrendszer, amelyek megoldasa
utan meghatarozhat6 a falak teljes alakvaltozasa (w; , wy) a nyirasi és hajlitasi alakvalto-
zasok Osszegeként. E két figgvény lefutasa tetszOleges két fal eseten nem aranyos, sét
teljesen fiiggetlen egymastol. Ezért a csavarsi kozéppont helye a falak magassaga men-
tén véltozik. A esavardsi kozépgorbe egyenlete geometriai megfontolasok eredménye-
kén megkaphato; pl.:

Ous(x) = Lw; / (w; + wy)
4, MUNKATETELEK

A kiils6 idegen munkakra kimondott tételek vonatkozasiban elmondhatd, hogy a valtozo
helyzetii nyiras- és csavarasi kdzéppont ellenére tovabbra is érvényben vannak. Eszerint,
mivel a tiszta csavaras okozta alakvaltozasokon a nyirési kozépgorbe mentén miikodo
kitlsé teherbd! a falakra esd terhek altal végzett munka zérus, ugyancsak zérus lesz a nyi-
rasi kozépgorbe mentén mikodod kiilsé teher okozta alakvaltozasokon végzett munkéja
azon terheknek, amelyek a tiszta csavarasbol adodnak a falakra. Tovabb4a, mivel a csava-
rasi kozépgorbe mentén hatd kiilsd tehernek - s igy az e teherbl a falakra adodo terhek-
nek - a tiszta csavarasbol keletkezd alakvaltozasok mentén végzett munkéja zérus, zérus
lesz a csavardsi kozépgorbe mentén hatd teher okozta alakvaltozésokon a tiszta csava-

rasbol a falakra adodé terhek munkdja is.
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5. KOVETKEZTETESEK

Os,szfjeg;fes’kent mlegéllapithat(),. hogy a nyirasi alakvaltozasok figyelembevétele mellett
nylrask(,)zeppont{ol és csavarasi kézéppontrol nem beszélhetﬁnk, mert helyzetiik a falak
magassiga me;1t¢n valtozik. A két kozépgorbe csak specidlis esetben esik egybe, mikor

fglak' r_negfelello rperevségeinek aranya megegyezik. A két gorbe lefutasat a-teher,me 08 -
lasa_1§_befolyasolja, ahogyan k6zonséges tartokra ezt mar Stiissi [2] is megmutatta v

IRODALOM:
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FIRE-RESISTANCE OF SANDSTONES

Monika Hajpal
Technical University of Budapest, Department of Engineering Geology
H-1521 Budapest, Hungary ’ . e

1. INTRODUCTION

Natural stones have been used as a construction material since prehistoric time. The
knowledge of mechanical properties of natural stones is fundamental for conservation
and exchange building stones of the monuments. In addition, it serves as a basis for the . -
development of conserving materials and for structural calculations. :

Sandstones are one of the most widespread building stones albeit our knowledge is rather
limited in the sense of their mechanical behaviour in extreme conditions (e.g. in fire). The
sandstones show great varieties in their particles (size and mineralogy), cement type and,
colour that all influence their weather- and heat resistance. The aim of this study is to
examine the material properties and fire resistance of sandstones as building materials.
The results can be directly implemented in the conservation work-of monuments: stone
exchange, static calculations of damaged structures, etc.

These studies form a part of a Ph. D. project. It was carried out both at the Mineralogical
Institute of University Karlsruhe and at the Department of Engineering Geology,

Technical University of Budapest.
2. APPLICABILITY OF FIRE-RESISTANCE SURVEYS

Many ancient buildings were demolished by fire, One of the best example is. the
Frauenkirche at Dresden, which was constructed from Elbaer sandstone. This 200-years-
old building was collapsed due to the Second World War bombardments and following
fire in 1945. The greatest damage is related to the heat effect of fire (1000-2000 °C). The
sandstone blocks were flaking off; resulting the collapse of major load bearing structures.
A current restoration and reconstruction project is in progress,” aiming to rebuild the
church that can be used as a religious site and concert hall. For this reconstruction
project, the knowledge of the behaviour of sandstone structures in fire is essential.
Furthermore, it is important to calculate with the effect of possible fires in future. Fire
resistance standard does not exist for stone materials, thus examining the fire resistance
of sandstones is very important. For our studies, sandstones were selected which have
been used as building materials in monuments, ancient castles and churches.

3, ANALYTICAL METHODS OF SANDSTONES

3.1. Sandstone types

To understand the behaviour of sandstones in fire, sandstones with different cement types
were selected. Up to the present, four German sandstones were studied: -
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Temperature Minerals [%] Temperature ) Minerals [%]
10 [°C) Quartz K - Feldspars | Kaolinite [°C] “Quartz [ K - Feldspars | Plagioclases Hematite | Hlite | Calcite
Cottaer, 22 93 3 4 Maulbronner, 22| 15 35 T 37 5 8 <1
Calfser, 300 93 3 4 Maulbronner, 300] 13 ° 35 C. 40 - 4 8 . <1
Coltacr, 450 92 4 4 Maulbronner, 450 29 27 32 4 9 B
Cottaer, 600 97 3 - Maulbronner, 600| 20 33 T 40 4 3
‘|l Cottaer, 750 97 3 Maulbronner, 750| 32 30 34 4 ~
Cottaer, 900 96 4 Maulbronner, 900] 20 38 37 5
Temperature Minerals {%] R Temperature Minerals [%]
(°C] Quartz | Plagioolases | Dolomite { Kuolinite [°C} - “Quariz | K -Feldspars | Caloite

Pliezt 22 80 4 2 14 Donzdorfer, 22 97 3 <]

Pliczhausencr, 300] 86 2 2 11 Donzdorfer, 300} 98 ~1 <1

Pliez r, 450 88 2 2 9 Donzdorfer, 450 97 3 <

Pliezt 600 98 2 1 ~0 Donzdorfer, 600} 96 4 <]

Pliezt , 7500 97 3 Donzdorfer, 750 93 7 -

Pliezhavsener, 900] 98 © 2 Donzdorfer, 900] 97 3

o Cottaer Sandstone (pale grey, kaolinitic)

« Donzdorfer Sandstone (yellowish grey, ferrigenous clayey)
o Maulbronner Sandstone (reddish grey, clayey)”

¢ Pliezhausener Sandstone (white, dolomitic)

In addition, three German and two Hungarian sandstones will be analysed in the future.

3.2. Test conditions

The selected sandstones were analysed in the following petrophysical states:

o airdry (22°C)

e water saturated (22 °C)

"« heated in an oven for 6 hours (300, 450, 600, 750, 900 °C)

Most of the fire damaged stone monuments are located in open-air. Therefore those are

significantly effected by weathering. To model these conditions, it will be necessary to

perform the following tests in the future:

o after 25 freezing cycle (22 °C)
o after heating water saturated state
o after heating 25 freezing cycle

3.3, Petrological analyses

The petrological analyses involve thin section description and -X-ray diffractometry of
different sandstones in different thermal states. Standard (30 pm) thin sectiohs were
analysed by polarising microscope and the most characteristic textures were documented
on photographs. X-ray diffractometry gave a qualitative' and quantitative mineralogical

composition of sandstones. These tests inform us about the mineralogical and textural

changes in relation to the heat. Tab. 1 shows the major minéralogical changes in
examined sandstones. Dolomite, calcite and clay minerals disappearecl above 600 °C,
while quartz and feldspars were stable up to 900 °C. Results of petrological analyses in

~ combination with petrophysical tests show the reason of changes in strength and
durability of sandstones due heat-effect. ' ‘

Tab. 1 Mineralogical composition of different sandstone types (22--9()0 )
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3.4. Petrophysical tests
3.4.1. Mass properties

The volume and mass of each sample were measured before and after the heating tests
giving different densities. In addition, water adsorption tests were carried out. The

specific densities were determined by pyknometer. Porosity (p) was calculated from

specific (p,) and bulk (o) density:
p=(1-p,p)100 [Vol.%]

With increasing heat, the volume of sandstone samples are increased while their weight
are decreased. The specific density apparently remained the same while the bulk density
decreased by elevation of temperature.

3.4.2. Indirect tensile strength test

Cylindrical 1:1 samples of 3,5 cm in diameter (d) were used for the tests (Fig. 1).- The
samples were drilled perpendicular to the bedding. During the loading, the load (F) and
the maximal deformation were recorded. Surprisingly, tensile strength showed an
increase at each sandstone type up to 450 °C which was followed by a gradual decrease

(Fig. 2).

_—1Cylindrical sample—
" F, /_,P/lﬁ/ J

el el
1 ' I \
L Pressure plate
d /"//
Load unificating stripes ——f= =L
,,,,, ol > /’:;/’
[ [

Fig. 1 Test configuration of indirect tensile strength measurements
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Fig. 2 Indirect tensile strength as a function of temperature, 4 different sandstone types
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3.3.3. Uniaxial compressive strength test

Cylindrical 2:1 samples of 3,5 cm in diameter (d) were drilled perpendicular to bedding
for compressive strength tests. Besides the load (F), the longitudinal (¢,) and transverse
deformation (¢,) with 2-2 strain gauge were recorded (Fig. 3). Stress-strain diagrams
(0~¢, and 0—é,) were drawn as well as Young's modulus and Poisson modulus were
calculated.

ag
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¥ | ]
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S

Fig. 3 Longitudinal and transverse deformations and the compressive strehgth test

Contrary to the tensile strength, no significant general changes were observed as a
function of temperature (Fig. 4).
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Fig. 4 Compressive sirength as a function of temperature, 4 different sandstone types
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3.4. Thermal analyses

According to the"Hungariar:l_and German Standards, the natural stones are ranged as
"non combustible" materials. However it does not mean that their inner structure would

" not change by increase of temperature. Three major parameters can be used for the

description of these changes:

s  specific heat
e bulk density
« thermal conductivity and thermal expansion

The thermal conductivity and thermal expansion of natural stones are anisotropic,
therefore measurements were carried out both parallel and perpendicular to bedding.

3.4.1. Specific heat

For the measurement of specific heat a calorimeter is used. A rock sample is placed into
the calorimeter and the temperature of the calorimeter is measured as a function of time.

3.4.2. Thermal conductivity

The upper side of the isolated rock sample is heated which creates a thermal gradient

" between the upper and lower side of the sample (Fig. 5).

™~ isolation .

1,2 thermoelements
Fig. 5 Test apparatus for measuring the thermal conductivity. of ifoéks; o

3.4.3. Linear thermal expansion

The sample is placed into an isolated oven. The expansion is forwarded to ».;itl;c detector
by quartz rods (Fig. 6). :

Fig. 6 Test apparatus for measuring linear thermal expansion (I-rock sample, 2-
thermoelements, 3-isolating layer, 4-cover, 5-quartz rods, 6-heating)

1233




3.5. Finite element modelling

Up to the present, the fire resistance was only on small samples analysed, but it is

" necessary to evaluate the load bearing capacity of larger stone structures such as walls,

pillars, etc. Therefore the effect of fire on larger walls is planned to be studied. To obtain
better results, a sandstone wall will be examined with the aid of a FEM software. The
temperature-strain relation, thermal conductivity and "thermal expansion factor of
examined sandstones will be input data in addition to usual parameters. As output, the
carrying capacity of the wall can be calculated to any given heat effect.

3.6. Model wall test

A small section of a sandstone wall is planned to be constructed and later tested in fire.

" The results of this small scale test will be compared with the computer modelling (FEM).

4, SUMMARY

_ Sandstones are considered as "non combustible" materials, although their internal

structure and load bearing capacity can be endangered by fire (e.g. Frauenkirche at
Dresden). As a consequence, the study of fire resistance of sandstones is necessary. Some
minerals of the sandstones disintegrate in fire and their inner structure collapses at a
given temperature, resulting the decrease of strength parameters of the building stone.
Surprisingly, the strength of sandstone shows an initial increase with the increase of heat
that is followed by a major decrease. The sandstones have different cement materials that
reflects in their different behaviour by heat. Further studies in this field will help in the
planning of reconstruction of sandstone monuments.
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SUGARVEDO BETON MINOSEGELLENORZESE ES HOMERSEKLET
ELLENORZESE ,

Salem Georges Nehme '
Budapesti Miiszaki Fgvetem Fipitdanyvagok Tanszéke
1111 Budapest Milegyetem rlp. 3.

1. BEVEZETES

A sugarvédd beton az ionizald sugérzésok ellen nyujt bioldgiai védelmet, mely
megfelelden megvalasztott osszetételének kovetkeztében elnyeli a rontgen-, gamma és
neutronsugarakat.

Vastag, specialis Osszetételll betonbol, kulonleges koriltekintéssel kesznve kivalo
szerkezeteket épithetiink.

Alkalmazasi teriiletei a kulonféle kutatd laboratoriumok, egészségiigyi intézmények
falai, stb. Megtalalhatok katonai létesitmények sugarzo anyagainak raktaraindl,
katakombak készilhetnek sugérzasvédd betonbol. Az atomerdmii szerkezetei
sugarzasvédd betonbol készillnek , de nuklearis anyagok trolasara, sdt végleges
elhelyezésre is ma szinte az egyetlen megoldds a nehézbeton, a hidratbeton, és a
kozonséges beton szigort feltételek mellett készitett (nagy testslirliségl) szarkofag.
Mivel a testsliriség a sugdrvédd beton legfontosabb tulajdonsiga, az anyag
mindségellendrzésére fokozott figyelmet kell forditani. Mindségellendrzésen azokat az
anyagvizsgalatokat értjiik, melyek magukba foglaljak a beton készitéséhez felhasznalt
valamennyi alkotéanyag, a frissbeton és a megszilardult beton tulajdonsagainak
vizsgalatat.

A sugarvédé beton mindségének ellendrzésekor vizsgaliuk a kotoanyag, az
adalékanyag, valamint az adalékszerek kémiai és fizikai tulajdonsagait, a fiissbeton,
valamint a szilard beton fizikal és mechanikai tulajdonsagait is. Bizonyos esetekben a
vizsgalatok eredményei alapjan modositani kell a betonkeverék dsszetételét.

Az alkoté anyagok mellett nagyon fontos szerepe van a bedolgozas koiilményeinek, és
a beton szilardulasa kozben kialakult hémérsékleti viszonyoknak. Ez kiilonosen fontos
tomegbetonok esetén, mivel a nem statikai repedések dontd tobbsége még a beton
szilardulasa kozben képzodik, és ennek leggyakoribb oka a homérséklet kilonbségek

- okozta felilleti és atmend repedések.

Eléadasom célja e problémak leirésa, tapasztalataim ismertetése. Resz:leresen szélok a
minSségellendrzés 1épéseirdl, a kovetelményrendszerrdl. Mindezeket konkrét példakon
keresztill from le, valodi kisérleteink eredményeib6l. :

2. MINOSEGELLENGORZES
2.1 Laboratériumi vizsgalatok
Adalékanyagra vonatkozd vizsgélatok
-szemmegoszlas vizsgalata
-tisztasag vizsgalata szemrevételezéssel

-teststirliség vizsgalata
-alkali érzékenység vizsgalata
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Cementre vonatkozo vizsgalata

. ~kémiai-Osszetételének és asvanyi osszetételének meghatérezasav
-kotési idé megallapitasa ’
-kotési viz mennyiségének meghatarozasa
-csomdsodas vizsgilata
-stirliség vizsgalata
~fajlagos felilet meghatarozasa
~térfogatallandosag meghatarozasa

Adalékszerre vonatkozé vizsgalatok

-stirliségének meghatarozasa
~szin megéllapitasa

2.2 Helyszini vizsgalatok

~szemrevételezés

~hémérséklet mérése

-teriilés mérése

-a folyositoszer mennyiségének meghatarozsa
-testsiir(iség meghatarozas

-frissbeton viztartalmanak meghatarozasa
~beton osszetételének ellendrzése

-légtartalom meghatarozasa

23A nﬁegszilairdult beton cllendrzése

-probakockak készitése a helyszinen
-a megszilardult beton tulajdonsagainak értékelése

3. A HOMERSEKLETVALTOZAS ELLENORZESE

Tapasztalatbdl tudjuk, hogy a nagytdmegii betonban a betonozast kovetd napokban
fennall az dtmend és a kéregrepedések veszélye. A terhelés okozta fesziiltségek és a
sajatfeszilltségek kialakulisa egyrészt akkor kovetkezik be, ha a beton szilardulésa
soran egyenldtlen homérséklet-eloszlas jon 1étre, méasrészt egyenldtlen zsugorodas
alakulhat ki a , emiatt az ezekbdl ad6d¢ alakvaltozasok nem jatszodhatnak le szabadon.

" Ezagatolt alakvéltozés esete, melybdl fesziiltségek keletkeznek.

A repedések két csoportba oszthatok, beszélhetiink kéreg és dtmend repedésekrdl. A
repedéseket a betonban kialakulé huzéfeszilltségek okozzak, ha azok tullépik a beton
hizbszilardsagat.

A kéregrepedések keletkezését befolyasolo tenyezok az alébbnak

Kornyezeti
- a zsaluzat mindsége
- a kizsaluzas idépontja

- a sz¢l intenzitasa
- a léghémérséklet és a levegh nedvesseg tartalma
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- a napsugarzas intenzitasa
- a parolgas mértéke

Betondsszetételi

-a beton hémérséklete a betonozas idépontjaban

~-a beton hévezetési tényezdje

-a betonfeliilet hdatadasi tényezdje

-a cementfajta (kotéshoje) és a cementtartalom

-a vizcement tényezd

-a késleltetd adalékszerek adagolasa

-a betonozas szakaszossiga

-a beton kuszasi tényezdje

~a beton ill. vasbeton tomb ( fal, lemez ) méretei

-az utokezelés ( a védelem, takaras jellege és idStartama )

Az atmendé repedések képzédésének oka

-az alaptest homérséklete és a felmendfal hémérséklete kozotti kulonbség, mely

fenti tényez6k szintén befolyasolnak.

—-- Levegh

Lol
A7
nem mitkodort
——

| H
, : —
N
1 m vastagsagu fal
A hémérdk elhelyezése a falban
1. dbra
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(leléléseket ldsd azd.abra)
3. dbra
4.0SSZEFOGLALAS

Az el6adasban bemutatom a tomegbeton készitésének problémas kérdéseit,

bssgefoglalom a legsulyosabb hibakat okozé jelenségeket. A téma kiilonosen fontos,
amikor egyre nagyobb mértékben terjed a kiilonféle sugarzo anyagok alkalmazasa a

tudomany és az ipar szamos teriiletén.
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RENDSZERELVU EPITES NEMNUMERIKUS PROBLEMAINAK
GEPESITESE. -

Salah BIRI
BME Epitémérnoki Kar Informatikai Laboratorium
Budapest, Miiegyetem rkp. 3. :

1. BEVEZETES

A hagyomanyos szerkezet-tervezés abbol indul ki, hogy szubjektiv dontéssel elhatarozza,
hogy milyen statikai véazlatot fog alkalmazni. A statikai vazlat és rd hatd erbrendszerek
ismeretében a bels6 erék, a mozgasok, a fesziiltségek meghatarozhatok. Ezeket a
modszereket, amelyek: lényegében numerikus algoritmusok, a tartoszerekezetekkel
foglatkozo kiilonbozd tantargyak keretében lehet elsajatitani.

Vajon tudunk-e valamit gépesiteni az el6bb emlitett numerikus modellek felallitasa elott, az
eddig csak szubjektiv dontéssel meghatarozott konfiguracio-felvétele soran?

A rendszerelvii épitést iizemben eléregyartott szerkezeti elemekbdl valdsitjdk meg. Egy
épitési rendszernek az épitdelemeit a rendszerkatalogusok tartalmazzak. Azt, hogy ezekbdl a
rendszer komponensekbd! hogyan lesz egy épiilet, a kérdéses épitési rendszer Osszeépitési
stratégigjat tartalmazo leirasokban szoktak kozétenni.

Vajon tudunk-e egy egyértelmii szabalyt alkotni egy ilyen szovegesen leirt Osszeépitési
stratégiahoz?

A valaszunk erre a kérdésre az, hogy igen, hisz az algoritmus fogalma nem kotddik
kizarolag numerikus problémakhoz. Jelen dolgozatban szeretném megmutatni, hogy a
matematikai nyelvészet és az ehhez kapcsolodd applikativ programozasi nyelvek lehetdséget
adnak a konfiguracéd-generalds nemnumerikus algoritmusainak leirasara és gépi kezelésére.

Az gmlitett lehtdségeket kihasznalva a tervkészités gépesithetd szakaszat kiterjeszthetjiik az
eddig is alkalmazott numerikus problémamegoldasok elétti szakaszra.

2. ELOZMENYEK

2.1. A CLASP épitési rendszer

A CLASP épitési rendszer
- teherhord6 véz alrendszerbdl,
- k6zbensd fodém alrendszerbdl,
~ tetofodém alrendszerbdl,
- kiils6 fal alrendszerbdl,
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- valaszfal alrendszerbbl,
- 1épcsd alrendszerbdl,
- alapozas alrendszerbdl,

- dlmennyezet alrendszerbdl,
- és még sok mas tobbek kozott épiiletgépészeti alrendszerbdl 4ll, amelyek rendszer

komponensei a CLASP épitési rendszer katalégusaiban egyértelmiien rogzitve vannak.[1]

Epiiletkonfiguralé mintapéidankat természetesen elsé 1épésben nem terjesztettilk ki az Osszes
alrendszerre. Mintapéldank a teherhordé vaz és a kozbens6 fodém alrenszerekre terjed ki.

A CLASP épitési rendszer egy nyilt rendszerli teherhordé vazon alapszik. A mintapéldaban a
teherhordd vaz alrendszerének cellds, acél szerkezetll oszlopaival, kolonféle tartd
gerendaival és kiegészitd szerkezeti elemeivel foglalkoztunk. Ezeknek az elemeknek a szama
megkozeliti a 200-at, nem beszélve a pillérek Sltoztetésérdl, amin azt értjuk, hogy kulonbozd
csomoblemezekkel ellatva szélracsok fogadasara is alkalmassa tehetok, méghozza adott
esetben négy iranybol.

Minthogy ez nmagaban nem mutatna be a nemnumerikus-algoritmuskészités lehetGségeit,
ezért a kozbensd fodém alrendszer elemeit is bevontuk a mintapéldankba. ,

A kozbensd fodém elemei alulbordas vasbeton elemek, amelyek attol fliggden, hogy széls6
mezdben, sarkon, vagy kozbens6 mezdben foglalnak helyet masok és masok. Az elemek

szama mint egy 20 db.

A teherhordo véz kialakitasa a tér mind harom iranyaban 90 cm-es szerkezeti modulhéléra
épithetd fel. Ahhoz, hogy fogalmat alkothassunk, a teher hordo vaz elemeirdl példaként

bemutatunk egy tetGgerenda-elemet ( 1. abra ).
:EOO mm

n x 900 mm N

RB108 | RBY9 | RBY0 | RB81| RB72 |
RB63 | RB54 | RB45 | RB36 | RB27 [RB18

1. abra Tetdgerenda elem

Lathaté, hogy a tetbgerenda-elemek minden esetben egy 600 mm-es szerkezeti sdvban
helyezkednek el és hosszisaguk 900 mm t6bbszorosének megfeleld halozatra illeszkednek.

Az 4bran fel vannak tiintetve azok a jelek is, amelyeket a CLASP épitési rendszer az egyes
tetogerenda-elemek megjellésére hasznal. Lathato, hogy egy séméhoz milyen valtozat
tartoznak. Ugyan részletkérdés, de megemlitjik, hogy az dbran lathato RB az ilyen tipusu
tetdgerendanak a jele, a mogotte levd szam pedig deciméterben a gerenda fesztavat jelent.
A CLASP épitési rendszer elem katalogusa ilyenforman tartalmazza a teherhordd

vazszerkezet 9sszes elemét. :
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Mint mar eddig is emlitettiik, hogy egy épitési rendszer nem lehet teljes ha annak csak az
elemeit alkottuk meg. Sziikségiink van egy olyan leirdsra, amely ezen épitbelemek
hasznalatat Osszeépitési stratégijat tartalmazza. Azt is emliteitik, hogy eppen ennek a
leirdsnak az egzakt formalizalasa képezi vizsgalatunk tar gyat

2,2, Mit értiink a nyelvtanon :
Egy G generativ grammatikdn, vagyis egy nyelvtanon, egy rendezett halmaz négyest értiink.
G=<T,N,SP>

Ebben a G grammatikaban a T az ugynevezett termindlis szimbolumok halmazat jelenti,
amely egy nem iires halmaz, az alkalmazott jelek halmaza, mas néven 8bécé.[2]

Hogy is kell ezt elképzelniink a rendszerelvii épités keretén beltl? Mig a valédi abécébol
szavakat tudunk kialakitani, addig a teherhordd vaz alrendszer jeleibdl vazszerkezetet
tudunk komponalni. Ez olyan' mint egy mondat. Valéban az itt szereplé S, a
mondatszimbolum, ami itt az egész épliletet jelenti. Hogy az egész épuilet jelentd jel milyen
helyettesitési sorozat utdn fog konkrét jelekbdl allé sorozattd alakulni, ezt a grammatika
produkcichalmaza irja le.” P a produkcidhalmaz olyan szabalyokat tartalmaz, amelyek
segitségével az eddig még nem targyalt N halmaz elemeit, végsé soron termindlis
szimbolumok sorozataval tudjuk helyesiteni. Az N halmaz elemei az Ugy nevezett nem
terminalis szimbdlumok. Az é16 nyelv hasznalataval élve ezek a gyiijtd fogalmak. Az 616
nyelv példajan a-ferminalis szimbélum-jel egy meghatarozott “almanak” a jele, amit meg
tudunk enni. Ehhez a bizonyos “almahoz” tartozik eggyel magasabb szinten az “almak*
gyljté fogalma, ami egy nemterminalis fogalom. Efolott talauk a “gytiméles™ fogalmat,
mint nem terminalis fogalmat, €s igy folytathatnank tovabb.

Epitési rendszerekben a nemterminalis fogalmak példajaként megemlitjiik az oszlopokbél és
szélracsokbol kialakitott “rdcssikot”, vagy a fodém alrendszer gerendaibdl kialakitott
“fodémet”. Az itt emlitett “ racssik”-okbol és “ fodém”-ekbdl, mint gyiijtd fogalmakbdl, egy
magasabb hierarchia szinten kialakithatjuk az “ épilet “-fogalmat, mint nem terminélis
fogalmat. A produkcidhalmaz egzat modon jelsli, hogy az “ épulet “~fogalom helyettesithetd
“ récsstkok “ és “fodémek “ fogalmaval. A produkciohalmaznak egy masik eleme lehetne,
hogy a “ racssik helyettesithetd “ oszlopok “ és “ szélracs-rudak “ fogalmaval. Ugyanigy a
produkcidhalmaznak eleme kell, hogy legyen az, hogy a “pillér “ fogalma helyettesithet pl.
P1103-mal, ami egy konkrét pillér, amelyet az épiiletbe be lehet épiteni. Olyan mint az a
konkrét alma’ amelyet meg lehet enni. Lathat6, hogy egy épiiletkonfigurécié az épitési
;’ends'zer termindlis szimbolumaival, azaz-a-katalogusban szerepld jelek halmazaval, - a
mérnoki gyakorlatban hasznélatos gy(jté fogalmakkal, vagy mas néven nemterminalis
fogalmakkal tovabb az dsszeépitési stratégiat tikrozo sszedpitési szabalyhalmazzal leirhato.
Az Osszeépitési szabalyhalmaz fogja képezni a konfiguracid-generalas implikacid jellegii
kijelentéseit. Ugyanezek az implikativ kijelentések azok, amelyek a PROLOG-nak mint
applikativ nyelvnek a klozait fogjak alkotni.
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A CLASP épitési rendszer teherhordo vaz alrendszer bemutatdsat célszert a
produkcidhalmaz bemutatasival kezdeni.

S={ clasp_hl_épitési rendszer teherhordo_vaz_alrendszer }

P = { clasp_h1_épitési_rendszer teherhordd_véz_alrendszer —
cellas_szerkezetli acélvaz_alrendszervaltozat |
csarnok _ szerkezetii_acélvaz_alrendszervaltozat;

cellas szerkezet(i_acélvaz_alrendszervaltozat —
tetofodém_tartdelem | kozbensd fodém tartoelem]
pillér | merevitéracs | faltarto | kapcsoloelem |
tet6fodém_kivalto | kotdelem | korlattartd;

tet6_fodém_tartdelem —>
tetdszegélytartd | tetdgerenda | s s
tetdlezarogerenda | tet6kivalto | tetdmerevito |
tetOszegélytartd_dilatacional;

tetészegélytartd —

RP36 | RA36 | RA27 |[RA18 }

2. dbra CLASP épitési rendszer produkcichalmaza

A clasp hl teherhord6 vaz alrendszere lehet cellas szerkezetii acél vaz alrendszervaltozat
vagy csarnok szerkezetii acél vaz alrendszervaltozat. Az (itobbival most nem foglalkozunk.
A cellas szerkezetil acél vaz alrendszer lehet tet6fodém tartoelem, kozbensd fodém
tartoelem, pillér, vagy merevitdracs stb. A tetdfodém tartdelem mint gyljté fogalom, lehet
tetbszegélytartd, tetdgerenda, vagy mindazok, amelyek a 2. abran fel vannak sorolva.

A fogalomdefinicio értelmében az utolsd sorban latjuk, hogy tetészegélytarto vagy RP36,
vagy RA36, vagy RA27, vagy RAI18 jeli raktarrol szilithato konkrét gerenda lehet. A
RP36, RA36, stb. jelek a terminalis szimbolumok. Az ilyen jelek itt definalt hlemrchnajébél
épithetd fel tehat az a legmagasabb nemterminalis fogalom, amit mondatszimbolumnak is
nevezink, s ami nem mas, mint “ clasp h1 épitési rendszer teher hordd vaz alrendszere™.

4, OSSZEFOGLALAS

Az eddigiekben lattuk, hogy milyen a CLASP épitési rendszer mérnoki szempontbol. Léttuk
azt, hogy milyen lehetéségeket nydjt nekink a matematikai nyelvészet a nemnumerikus
problémak formalizalasahoz, és bemutattuk, hogy a kérdéses épitési rendszert hogy lehet a
matematikai nyelvészet eszkozeivel definialni. Befejezésiil szeretnénk megemliteni, hogy az
elsrendl logikan alapuldé PROLOG nyelvnek van olyan implementdcija, amely a
produkcidhalmaz jelélésrendszerét inputként eltudja fogadni.

A PROLOG applikativ programozasi nyelv, amely most nem részletezheté modon tétel
bizonyitasra is alkalmas a produkciohalmaz kodolasa révén eldontheti:

- hogy egy szerkezetleiras korrekt mondata-¢ az épitési rendszernek, magyaran szolva -
ezekbol az elemekbdl a szerkezet megépithetd, vagy pedig
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- generalni lehet éegitse’gével az Osszes lehetséges épiiletkonfiguraciot. '

* Mivel a szakértdi rendszerek, ha gy tetszik keretrendszerek, PROLOG vagy ehhez hasonl6
applikativ nyelvet hasznalnak a felhasznalo el8l elrejtve, mind az, amit a PROLOGgal
kapcsolatban elmondhatunk, megismételhetnénk a szakértoi rendszerek nomenklatiraja,
elnevezés rendszere segitségével is. Ezzel “tulajdonképpen befejezésul szerettik volna SESSION 8
bemutatni, hogy épitési rendszerek keretein beliil a konfiguracid-generalds nemnumerikus :
problémai megoldhatok. C
Reméljitk, hogy a kozel jov6 szamitd automatai a sebesség, a tarolokapacitas tekintetében
olyanok lesznek, hogy az itt vazolt teljes leszamlalassal dolgozé logikai nyelvek konkrét
hasznalatba is keriilhetnek, és a teljes leszamlalas miatti kombinatorikus robbanas ellenére
redlis feladatok megoldasara is alkalmas lesz. Ennek reményében foglalkozunk a
matematikai nyelvészet épitési rendszerekre torténd alkalmazasaval.

Hydraulic engineering

5. IRODALOM

[1] CLASP-H épitési rendszer, vaz és kozbensd fodém alrendszer katalogusa.
[2] Holnapy D. : A matematikai nyelvészet és alkalmazasa a tervezési folyamatban. BMFE
Lpitémérnoki Kar Informatikai Laboratérium kiadvdnya, Budapest 1994,
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MUSZAKI SZABALYOZAS A MEZGGAZDASAGI
TERULETRENDEZESBEN

Gunyhé Edit
Budapesti Miszaki Egyetem, Vizgazddlkoddsi tanszék
H-1111 Budapest, Miegyetem rkp. 3.

1. BEVEZETES

Magyarorszdg azon tdrekvése, hogy az Burépai Unié tagja legyen redlis, bér
meglehet6sen sok kovetelménynek kell megfelelnie a csatlakozds elott. A EU egyik
legvitatottabb leginkdbb dotdlt dgazata a mezdgazdasdg, igy érthetd, hogy a belépd
orszégokat e témakorben alapos vizsgdlat al4 vetik. Egyik 6 kritérium a szabvanyok
harmonizdlisa a mez6gazdasdgban. Ez nemcsak a termelési, feldolgozdsi, raktdrozdsi,
grumindségi szabvanyokra értendd, hanem a mezGgazdasdg legfSbb termeld eszkdzének
a terméteriiletre és a termdtalajra is vonatkozik.
A mezBgazdaségi teriiletek rendezését tobbféle modon is lehet szabdlyozni. Ennek
hdrom legismertebb médja a kovetkezd:

-jogi

-kozgazdasdgi

-mfiszaki
Munk4m sordn igyekeztem dsszehasonlitani a kiilfoldi, els6sorban a német és az osztrdk
miiszaki szabdlyozdsi médokat a meglévs magyar szabdlyozdsi médszerekkel.

2. CELKITUZESEK

A téma célkitfizései hdrom £6 cspoprtba oszthaték:
-a teriiletrendezés szabdlyozdsdnak feliilvizsgdlata
-Bsszehasonlitds az egyéb eurdpai szabvanyokkal
-javaslat a véltoztatdsokra

3. A TERULETRENDEZES FOGALMA

Mez6gazdasdgi teriiletrendezésen a mezdgazdasdgi miivelés alatt 4ll6 foldteriilet, rét,
szdnté, legel6 tereprendezési, talajvédelmi, tdjvédelmi tevékenységeit értjiik. A
birtokrendezés a teriiletrendezésnek egy jogi keretek kozott végrehajtott szabdlyozdsa,
mely a tulajdonosi viszonyokra, és az ezekkel jird jogokra és kotelességekre
vonatkozik. Ezt a két fogalmat egyébként a kiilfoldi szakirodalom is szétvdlasztja.

4. MEZOGAZDASAGI TERULETEK RENDEZESE

4.1 Birtokrendezés

Jelenleg hazdnkban a birtokrendezés szabdlyozdsa sem miszakilag, sem jogilag nem
megoldott. Miszaki vonatkoztatdsok példdul a kialakitand6 tdblaméretekre léteznek,
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mixlt irdnyadé »_t;e;vczési alapadatok, de sajnos ezek a mezdgazdasdgban végbement
rendszervéitozds miatt nem megfeleléck. Azonban 4ltaldnosftani sem lehet, hogy
minden, a pagyiizemi mezGgazdasagi termeésre vonatkozd feltevés elavult. Ilyen pl. a

fésftds' kérdése, mely nagytdblds gazddlkodds esetén korszerlinek mondhatd, s nem

feltétleniil sziikséges a teljes dtalakitdsa csupdn némi Viogészitést igényel a kisiizemi
gazddlkoddsra vonatkozoan,

4.2 Talajvédelem

Itt 4ltaldban az agrotechnikai, erdészeti, és a miiszaki talajvédelmi feladatok egyiittes
alkalmazésdt értjilk. Kapcsolata a témdnak a vizgazddlkoddshoz taldn itt a legkdzelebbi.
E tdmakor legérdekesebb részei a mdr fent emlitett fésftds és az erézidvédelem. Ez
utébbi esetén meglehetSsen sok a rendelkezésre 4ll6 kiilfoldi dokumentum, igy
wWiszonylag konny az Osszehasonlitds. Megdllapfthat, hogy a’javasolt miiszaki
Hiegolddsok meglehetSsen hasonlitanak, néhdny orszdgban az alkalmazott meghatdrozasi
fiédszerek ( mennyiséget meghatdrozé képletek) eltérnek egymdstol.

Ugyancsak ehhez a témakdrhdz kapesolédnak a talajtani minGségi és a vizsgdlatokat
lefré szabvanyok, eldirdsok is. Itt az dsszehasonltds szintén egyszerdi, mivel dltaldban
konkrét jellemzdk lefrdsdrdl van sz6. A vizsgdlatok egy része teljesen egyezd, de pl a
talajok savassdgdt kiilonbozd mddon hatdrozzdk meg ndlunk és Németorszdgban. Ez
félreértésekre adhat okot a késGbbickben. Az dtdllds, Uj mliszerek beszerzése elég dréga,
de elképzelhet egy 4tszdmitdsi méd kidolgozdsa a két rendszer kozt. .

4.3 Tdjvédelem

Sajnos “a - hazai tdjvédelmi szabdlyozdsi mddszerek ' eléggé elavultak, {gy
dsszehasonlitdsuk nem igazdn ajénlott. Javasolt viszont a teljes, ide vonatkozé szabvény
alapos feliilvizsgdlata. Pozitfv 1épések azonban mdr torvényi szinten is tapasztalhaték:
pl. a természetvédelmi és a teriiletfejlesztési tdrvényeket illetten, melyek deéklardljdk
a t4j és annak természetes és mesterséges tdjalkotd elemeinek a védelmét, védelmi,
fejlesztési tervek készitését. SRR e ‘ ‘

5. MEGALLAPITASOK Co e

A magyar miiszaki szabdlyozdsi rendszer, a szabvényok, milszaki irdnyelvek, miiszaki
elbirdsok a mezBgazdasdgi teriiletek rendezésére vonatkozéan tartalmilag korszer(inek
mondhaték. Gondot csak az jelent, hogy ez a korszer( tartalom a nagyiizemi
mezbgdzdasdgra vonatkozik, aminek a szerepe egyre inkdbb csokken, s kezdenek teret
héditani a kisebb tdbldkon gazdéll'codé egyéni véllalkozok, tarsuldsok. Ez, és az EU-hoz
valé csatlakozdsi szindékunk-egyiittesen indokoljdk a minél elobbi vdltoztatdsokat.
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KISVIZFOLYASOK VIZKESZLETE ES AZ APADASI GORBE

Engi Detki Zsuzsanna S
Budapesti Miiszaki Igyetem, Epitémérnoki Kar
Vizgazddalkoddsi Tanszék o

H 1521, Budapest, Miiegyetem rkp. 3.

L.LBEVEZETES

Az alapvizhozam recesszios gorbéje magaban hordozhat a gyakorlat szamara sziikséges in-
formacidkat. A havi vizhozamok statisztikai elemzése gyakran utal szeridlis korrelaciora. E
korrelacié 6 kivaltod oka lehet a honap elei alapvizhozam. Az 6sszvizhozam ezen Gsszete-
voje értékelhetd és elérejelezhetd, igy a honapos vizhozam determinisztikus komponensének

tekinthetd.

Az alapvizhozam a felszin alatt tarozodott vizb6l szivarog a mederbe. A felszinalatti lefolyast
sok tényezd befolyasolja, a talaj geologiai szerkezete, a szivargasi ut mentén hat6 fuggoleges
hatasok, stb.

2. EMPIRIKUS MEGOLDASOK

A kutatisok azt mutatjak, hogy a recesszios gorbe leirhat6 a kovetkezd empirikus kifejezés-
sel: '

Ql = Qoe(" )

Aze™ helyett k-val irva Barnes kifejezését kapjuk, mely magaba foglalja a felszini le-
folyast is.

QM Qo/((

ahol k a recesszios allando, amely kisérletek alapjan az alapvizhozamra 0.93-0.995 értékeket
veheti fel,

Yevijevich vizsgalatai a recesszios gorbét a szaraz iddszakban a kovetkezdképpen irjak le:

Q=0 vagy Q=Q,e " , ahol ¢ és n koeficiensek.

A kisvizfolyasok f6leg talajvizbdl, rétegvizbél, tehat a felszinalatt tarozodott vizkészletbol
taplalkoznak, igy a recesszids gorbe azon also szakasza érdekes csak szamunkra, amely az
alapvizhozamra utal. Szemilogaritmikus koordinata rendszerben abrézolva a felszinalatti
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vizb6l taplalkozo vizhozamokat, az exponencialis apadasi gorbe a  hajlast egyenest ko-
vet, igy leolvashat6 az apadas1 gorbe Qo, kezdbpontja.

O

3. MATEMATIKAI MODELLEK

Mivel a recesszios gorbe kialakulasat sok bizonytalan tényezd befolyasolja, nagyon egysze-
il matematikai modelleket alkalmaznak a vizhozam idoben bekovetkezo csokkenésének
matematikai megkozelitésére. Alapjuk egy figgbleges tartalyban levo vizoszlop szintjének
fokozatos apadasat leir6 nem permanens mozgasegyenlet, vagy egy vizszintesen vizzaro
réteg fokozatos megcesapolasat jellemz6 nem permanens folyamatot leird differencial egyen-

let.

Az els6 esetben a kis kiterjedésti karsztos viztartokbol allo felszinalatti tarozoteret
prizmatikus tireggel és ezt az treget megesapold, pordézus anyaggal kitoltott jaratt forrassal,
egyetlen linedris tArozoval helyettesithetjik. A karsztforras az alapvizhozam alakulasanak
tanulmanyozasara jol felhasznathatd, mert kozvetlen kifoly6ja a mogotte elhelyezkedd taro-
zotérnek, igy vizhozamadatsora zavartalanul, mas hatasoktol mentesen mutatja a tarozo ki-
tirtilését. Felirva a mozgasegyenletet, majd Osszevonva a kontinuitasi egyenlettel, a matema-
t1ka1 modell meghatarozhato meg,oldasra exponencialis jellegli apadasi gorbét kapunk.

Q Q eﬂz(t -fy)

ahol Q a t idopontbeli kezd6érték, t az id6, a vizgyljtoteriilet hidromorfologiai ténye-
z6itd] fuggd fizikai paraméter.
Megtorténhet, hogy karsztos forrasok esetében a recesszios gorbe két vagy tobb, kilon ,
exponencialis jellegl kitiriilési gorbe dsszegével allithatod eld. Az elsd gorbe jellemzi a
nagyméretii karsztos csatornék, a masodik a szlik repedéshéldzat vizmennyiségének kitritlé-
8ét.

Q=be @ peat

Ha a kisvizfolyas jelentds kavicsrétegbdl taplalkozik, az apadasi gorbe negativ kitevojl hat-
vanyfuggvénnyel kozelitheto.

Q QO (] n/(n l))
4. KOVETKEZTETES

Az alkalmazott matematikai modelleket csak nagy koriiltekintéssel ajanljuk hszanalni, a
helytél figgden.
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VIZELLATO HALOZATOK REKONSTRUKCIOJA

Kereszturi Péter .

Budapesti Miiszaki Egyetem
Vizelldtas-Csatorndzds Tanszék

1111 Budapest, Miegyetem vkp. 1 - 3.

1. BEVEZETES

Az el6adas attekintést ad a vizellaté halozatok illetve vezetékeinek rekonstrukeiojat |

- kivalié okokrol és B '

- a halézat Alapotinak mindsitési-, érickelési és dontés-elokészitd modszereirol,

- valamint az elkészitendd szakért6i rendszerrol.

Tovabba definidlja a halozat illstve vezeték rekonstrukeid fogalmat, valamint a kiilfoldi és
hazai értékeld és dontési eljardsok mellett bemutat egy a szerzd altal készitett értékeld
modszert.

2. HALOZAT ILLETVE VEZETEK REKONSTRUKCIO

A minden telepiilésre kiterjedd kozmiives ivovizellatds megvaldsitisa hazankban befejezés
elétt 4ll. Az clmilt idGszakban e szakteriiletre vonatkozdan a miszaki tudomdinyos
tevékenység elsGdlegesen és alapveiden a mivek Iétrehozasihoz kapcsolodott. Ma
meghatarozo igényként a vizellaté rendszerck tudomanyos alapokon nyugvo iizemeltetése,
az amortizalodott milivek rekonstrukeioja jelentkezik.

A vigellatds csGvezetékei - mint a legrégebbi kozmiivek - nagyobb varosokban
megkdzelitik a 100 éves életkort. A halézatok hossza ebben az évszizadban az egész
vilagon tobbszordsére nbtt, melyeknél napjainkban a csévezeték rohamos eldregedése
tapaszialhaté. Nem elhanyagolhat® az a tény, hogy az urbanizalodasi folyamat és a vele
egyiitt jard motorizicié a halozatok hasznalatht, az tzemeltetés milszaki és targyi
feltételeit megvaltoziatta.

P

A rekonstrukeio fogalmat azokra a tevékenységekre hasznaljuk, amelyek a mar meglévd
kdzmii vezetékek Allapotat (szerkezetét, helyzetét, anyagat, méretét, Allagdt) vagy a
halozatban betoltott feladatat megvaltoztatidk. A rekonstrukcié  fogalomkorében
thrgyalanddk a rendszerclméletli beavatkozisi modszerek is, amelyek segitségével a
meglévé  vagy  megndvekedett  szolgaltatdsi  igények  kiclégitheték. De a
halozatrekonstrukei6 és a vezetékrekonstrukeié kozott Iényegi killonbséget kell tenni [1].

Halozatrekonstrukeiot elsosorban a terilleti fogyasztasi (kiils6) igények, feltételek
valiozasa teszi szilkségessé. A halézat rekonstrukeio a teljes hilozatra vagy haldzatrészre
terjed ki, és esetleg kihathat a szivatty(, medence tizemelési rendszerére is, azaz nem egy

v sey

Vezeték rekonstrukeiora a helyi, konkrét iizemeltetési (belsG) feltételek valtozasa miatt
keriil sor, amelyet egy adott vezeték gyakori sériilései, csokkent teherbirdsa, korrdzidja,
inkrusztacioja stb. miatt végeznek.
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A halozat és vezeték rekonstrukcié ennek ellenére a valosigban  gyakran
sszekaposolodik. A halézatrekonstrukceid és a vezetékrekonstrukeié viszonyat az 1. dbra

szemlélteti.

1. dbra Vezeték- és halézatrekonstrukcié kapesolata
3. REKONSTRUKCIOT KIVALTO OKOK

o MUSZAKI [4]

a.) FENNTARTASI PROBLEMAK:
@ meghibdsoddsok: = tervezési hibdk,
= fivitelezési hibdk,
= gyartdsi hibdk,
> fizemelési hibdk,
= izemi feltételek valtozdsa:
& kirnyezeti hatdsok valtozasa:
e fiziko-kémiai hatasok,
* bioldgiai hatdsok,
® kiils$ komyezeti hatasok:
- statikus hatasok,
- dinamikai hatasok,
' - homérsékleti hatasok.
+ ellitasi igények valtozasa, s
b elhasznalodas.

@ lerakddisok, kereszmwtszet'bsbkkgﬂés,
@ vizmind'ség vilrozdsok.
b.) ELAVULAS (kapacitashidny, nyomascsikkenés).
»  GAZDASAGI I ,
KOLTSEGEK CSOKKENTESET CELZO REKONSTRUKCIO [5]:
® fenntartasi, javitdsi koltségek,

@ energia kiltségek.
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4. A VIZELLATO HALOZAT ALLAPOTANAK ERTEKELESI MODSZEREI

Az Osszemérési, mindsitési, ériékelési, elemzési modszerek jo dsszehasonlitdsi alapot
teremtenck a héalozatok Allapotfelmérésén . keresztiil azok értékeléséhez, beruhdzasi,-
(fejlesztési), rekonstrukeios dontések elokészitéséhez [1,5].

A hélozat allapotanak érickelemzése a rekonstrukeid szempontjabol a dontés-clokészités
része, és a vizhalozat hasznalati érték miiszaki-gazdashgi elemzését jelenti.-

4.1 Németorszdgban kifejlesztett modszer

A Németorszdgban kidolgozott mindsit6-, ériékeld eljaras két meghatarozo eleme: -
-a miiszaki allapot és
-a kapacités (2.4bra) [2,3].

I pONTES]
JAYASLAY
{ mO52AK ALLAPGT 1] KAPACITAG 4
+ 4+ 4 IS
A meglévs hilozat és
M .
b+ i 5 berendezdseinck
‘ megtartdsa,
+ +
A meglévi halézat
¥ " megiaridsa, A hidnyz6
kupacitds péitasa
Kiegészitd vezetékkel.
A mocglévs haldzat

feltjitdsa részhen G

vezetéhoklel és berende-
zések 16tesitésével.

Teljes

. njadpités

sn‘lksé}‘es‘

2. dbra Ertékeld tabldzat dontési javaslatokdeal [2]

A miiszaki Allapotot harom tényez6 alapjan értékelik:
+  ahalozat kora (A),
»  ahaszodlati érték (B) és
« ameghibisodasok aranya (C) (1., 2. tablazat).
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A MOSZAKI AAPOT Oss2ETEVOL EROEKELS) FONTOSSAGL mEadszAm
SZAR SZAM
1800 olistt Spiilt : L 04 o
A
HALOZAT 1800...1920 4 0,4 0,1
KORA (A) 1821...1946 2 0,1 0,2
1945 utén épikt 3 0,1 - 0,3
HABZNALA- <26 0 0,3 0
Tt ERTEK, 16...50 1 0,3 0,3
[%], (B} 61..76 2 0,3 0,8
»78 3 0,3 0,9
MEGHIBASO- »i 0 0,6 0
DASI ARANY 0,61..4 i 0,6
[db/km/év], 0,25...0,60 i

1. tablazat A vizelldtd hélbzatok miiszaki dllapoténak értékmérdi (2]

A haszndlati érték részletes szamitasanak Iehetésdge.

lSzahv(myun kividlk stmérd 0 0,6 . 1)
Bzabvimynsk mogfeleld hlsaérd 1 6.5 05 -

Végag 01} 0,15 )

HASINALATY  Nem végdg 1.(0) 0,5 048
ERTER 0ssz helyen van & csé 0 . -
IMogfolold holyen van & csd 1 . -
[30 % -on BEL(L : ac 0 0,25 0
100 % -ot Cabuityng pve ¢ 0,28 - 0

KEPVISEL] L 1 0,28 0,28
Beépitetiuég belviwos 0 0,4, 0

1

2. tébldzat A haszndlati érték mérdszamai

A miiszaki allapot mérészamat az

Mp=A+B+C (3)

képlet fejezi ki. Az Mpy lebetséges értékei alapjan végzett mindsitést a 3. tabldzat
tartalmazza. ' '

A MOSZAXY ALAPOT MERDSIAMANAK mINGsitts
M) MATARERTEKE
ALSO ¥ELSO
0 : 0.78 " _NEM FELEL MEG (-)
0,76 1,76 MEGFELEL (+)
1.62 , 2.25 . KIELEG{TD (+ +)
2.26 3.00 30 (4 *

3. tabldzat Mindsités a milszaki éllapot ériékelése alapjan [2]
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4.2 Az USA-ban Kkifejlesziett modszer

A csbvezetékek felujitisa, a munkdlatok idépontjanak optimalizdlisa hosszabb ideje
foglalkoziatia a szakembereket az USA-ban is. A csbvezetékosere iifemezésére ad
megoldast egy analitikus eljaras, amelyet Calgasy varos Alia nevii tertiletére dolgoztak ki.
Egy cs6 vagy halozat t6rési adatai alapjidn moghatirozhaté egy regresszids egyenlet,
amely jO} tilkrozi a folyamat alakulasat {10, 11]. Ez felivhaté

= exponencialis alakban

Ng=Ngo-eA'¢-t) (1)
= lineéris alakban

Nt=Nto+ A-(t-to) . . (2)

ahol
+ - avizsgalat idGpontja [év],
to - az épités éve [év],
Ni - torések szama ~ 1000 m csOszakaszra a t-edik évben [db],
A - nivekedési egyiitthato,
Nio - regresszids egyiithato [10].

* 9 . *

4.3 Hazankban' alkalmazott médszerek

A hazai modszerek kozil az egyik legjobbat a Fomuervben dolgoztak ki [6,7,8]. Konkrét
statikus-vizsgilati modszert javasol, elemzi a meghibdsodasokat, a hibak rendszerezésére,
csoportositasara és a halozati minSsitésre ad konkrét javaslatokat. A megbizhats, jo
értékel6 eljbrasok kozos ismérve, hogy azok minden olyan értékelési tényezdt
tartalmaznak, amelyek egy esetlegcs atépitést vagy cgyéb elhatarozast indikdlhatnak.
" "Természetesen kivinalom egy jO értékeld eljarassal szemben, hogy az attekinthetd,
konnyen kezelhet és megbizhat6 legyen. A fenti célok elérését teszi lehetévé az értékels
eljgras sémdja és az értékeld tablazat, amely 1983-ban t6bb évi fejleszibmunka utan a
Meélyéptervben kerllt kidolgozasra [9].

4.4 A készitett min6sit6-, értékeld modszer bemutatasa

Az clidras a német modszert veszi alapul, azonban ezt jelentsen atdolgozza é&s
ujdonsagként bevezetésre keriilt az ugynevezett S” sirgdsségi témyezd, amely a
munkalatok etvégzésének 1dorend1 fontossagat adja meg kozel azonos allapot csdvek
ez,etcbcn :

jj5 A KESZITENDO SZAKERTOI RENDSZER FL()KESZITLSE

"Az elkészitendd szakértdi rendszer feladata, egy adott telepiilés esetén kivalasztani a
sekonstrukeidta megérett vezetékszakaszokal, az el6bb emlitett mindsités utdn a megfeleld
‘szempontok szerint az értékelést elkésziteni, a kivalasztott vezetékszakaszok esetében
modszer(eke)t javasolni a rekonstrukcié megvaldsitasira, és elemezni, értékelni az

. elvégzett beavatkozas varhaté hidraulikai~, vizmindségi-, lizembiztonsagi hatasait.
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6. MEGALLAPITASOK

Az elbadas dtfekinti az ivovizellsté hildzat rekonstrukeidval foglalkozé szakterilletet
id6szerti kérdéseit, feladatait, és az Osszegyiilt tudast végsd célként az elkészitendd
szakértdi rendszerben szandékozik egyiittesen megmutatni. A szakértdi rendszer feladaia
lesz egy adott halozat mindsitése, drtékelése, dontés-elokészitése, dontéstimogatisa.
Ennek segitségével lehetdség nyilik az cldregedett illetve a rekonstrukciora megérett
halézatok, vezetékek tudoményos alapokon végzett vizsgdlatira és a tervszerdi
rekonstrukceids programok elkészitésére.

A téma keretén beliil azonban nyomatékosan hangsalyt kell fekietni a kivalt6 okok
vizsghlatira, elemzésére (ph csBttrések okai, nyoméslengések hatasai, - legtslemtes
problémai stb.), mely ismeretek altal a rekonstrukcié kérdése kezelhetGbbe valik, és ennck
eredményeként a rekonstrukei6 megvaldsitasa idGben kitolhat6, de el nem keriilhetd.
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1. SUMMARY

with more and more demand for water and with the increasing number of environmental
elop and manage a safe water resources development with the
help of a management information system (MIS). An MIS can support and supervise political
and economical decision making, and therefore it is very useful also in the regional and
countrywide water management. An information system (IS) is a subsystem of MIS, which
makes it possible to manage big databases, to get and to process the information, and to make
forecasts for the future. It also has great importance in the communication between subsystems
and with other databases or information systems. The IS has to fulfill the needs of the users
officiently. In Hungary, there is a_good and wide long-established IS in water resources

development, but with the growing demand for water and with the increasing number of

environmental problems, the information system in the field of water resources management

needs further development.

Today,
problems it is very important to dev

2. BEVEZETES

Magyarorszigon igen nagy miltra tekinthet vissza a vizgazdalkodas, ezen belil is a
vizkészletgazdilkodss. Az ezen a teriileten végzett magas szinvonalii munkék méltan nagyhirtiek
& nemzetkozileg elfogadottak. A vizkészietgazdalkoddsra jellemz8, hogy a viz kérforghsanak
folyamatos kovetéséhez és a beavatkozdsok hatdsainak figyelemmel kiséréséhez mnagy
mennyiségli adatot (informaciot) kell 8sszegytijteni, feldolgozni és értékelni. S6t lényeges az is,
hogy nemcsak a viziigyi szervek, hanem a vizet hasznélok is hatdssal vannak vizkészleteink
4llapotéra, ezért ezek tevékenységét is figyelemmel kell kisérni. Lathat tehit, milyen Osszetett

feladatokat kell ellatni a vizkészletgazdalkodas teriiletén.

3. MENEDZSMENT INFORMACIOS RENDSZER A ViZKESZLETGAZDALKODAS-
BAN ' .

Korunk egyre nagyobb — ipari és tdrsadalmi (lakossagi) — igényei és az egyre jobban
elszennyez6d8 és fogyatkozo vizkészleteink miatt gy kell gazdalkodnunk a rendelkezésre 4116
vizkészlettel, hogy ez a készlet a jov8 generdcidk szamara is — legaldbb a mai szinten —
megmaradjon (“fenntarthaté fejlédés"). A vizkészletgazddlkodds, mint egy 4tfogd, egész
orszagra, s6t ennél nagyobb teriiletekre is (vizgytijto rendszerekre) kiterjed$ rendszer megfeleld
iranyitasahoz korszerfi, integrilt és hatékony menedzsment _informécios rendszer (MIS)
alkalmazésa nélkiilozhetetlen. Ilyen integralt rendszer segitségével lehet8ség nyilik a kiillonboz8
viziigyi szervek munkdjdnak és a vizet hasznalok igényeinek Osszehangolasira, a nagy
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mennyiségii adatalloméuy megfeleld menedzselésére és gazdasigi-politikai dontéselSkészitésre
és dontésfeliigyeletre is. o

4. INFORMACIOS RENDSZEREK S FELADATAIK

Az i11f01‘1néciés rendszerek — melyek egy-egy MIS alrendszerei — az adatgyijtés, adatfeldolgozds
valamint az értékelések ¢és becslések (elbrejelzések) készitésén tal — t)t')bbek 1(67.6tt‘t—-’-
adatvédelemmel és a felhaszndldkkal, illetve mds rendszerekkel, adatbézisokk'll“ valé
kapesolattartdssal (beleértve a felhasznalok igényeihez valo folyamatos alkalmazkodé%; 'wa; a
rendszerfzs fejlesztést is) kell foglalkozzanak. Ilyen komplex informacids rendszerek -ht;r;’\s;és;:
koriiltekinté munkit igényel, melynek sordn ma mér komoly szakirodalmi hattérre It‘:(h'et
témaszkodni (pl. [11,[2]). -

4.1, Térinformatika és tavérzékelds

A 'tél'illforma.tika ¢s  tdvérzékelés az  informdciobeszerzés és  -feldolgozds  egyik
legdinamikusabban fejl6dd teriilete, melynek segitségével gyorsan és hatékonyan lehet (;%Jyﬁiﬁ
adatokra szert tenni, melyek mds Gton nem, vagy csak koriilményesen szerezhetSk be [{3]. A g;wi
technolégial szinvonal és technnikai hattér ezen mddszerek gyakorlati alkalmazﬁsﬁt m%r
Magyarorszagon is elérhet8vé teszi (1asd a tavérzékelés gyakorlati alkalmazésarél pl, [4]): S

4.2. Magyarorszigi el6zmények és a fejlodés lehetSségei

I\{Iz;gyarorszzigop az adatfeldolgozds pgépesitése és a szdmitdstechnika alkalmazdsa a
ymkeszletgazdzilkodésban komoly hagyomdnyokkal rendelkezik. Az elmult id63zakb'an~tc'ibl‘>
:-lli'kalcmllmal torténtek kisérletek a vizgazdalkodds informatikai rendszerének kialakitdsdra de
tqbbnyn‘g csak részeredmények sziilettek (pl. VIFIR: vizfoldtani informacios rendszer, SHA%lR’
hld‘ro’l()glz}l’adatfe]dolgozé ¢és tarold rendszer) [5],[6]. A viziigyi informatika fc’:jleé},téséx*c;
egyseges u‘;myelveket dolgoztak ki [6], és a kérnyezeti hatdsok el6térbe keriilésével elkész-itetté];
az egeész Magyarorszagot feldleld kornyezetgazdalkoddsi informdcids rendszer tervét is llnel a
vizkészletgazdilkoddas mellett mds teriiletek kornyezeti problémadit is targyalja [7]. Y

4.3. Kirnyezeti hatasvizsgalatok

Bér a kdros kdrnyezeti hatdsok vizsgdlata, értékelése és megelSzése még az iparilag fejlett
01'§;zé.g9kba'11 is sok kérdést hagy maga utén és az alkalmazott vizsgélati és értékelési médszé*ek
még vitatottak, kialakuloban van egy olyan irdnyzat, mely a hangsilyt a megel6z8 poiitikf»’lk
kidolgozasara helyezi. Ennek érdekében egyre t6bb orszdgban valik kételezévé kom ez:zti
hatasvizsgdlat, és Gjabban stratégiai kérnyezeti vizsgalat [8] készitése is. A vizsgélatok"em??s?“w
l.ciindulz’ls_i allapot felvételekor, a hatdradatok és egyéb tényezSk megallapitisakor épi%gm;k q;
mforméc?és rendszerek adatallomdanyaira, mésrészt a vizsgdlatok elvégeztével m.aguk is hasin;s
informacidéval jarulhatnak hozzd a mér meglevs adatélloményokhoz.b A k‘('irn‘ezetfi
hatasvizsgalatok elvégzésének jelentGsége napjainkban egyre novekszik. Y

5. OSSZEFOGLALAS

A magyarorszagx‘v1zkészletgazdélkodés terlilete magas szinvonali hagyomdanyos informécids
rendszerrel rendelkezik, de a novekvd igények kielégités¢hez, a készletek mennyiségi és
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min'c’)’s,égi megévésihoz, valamint az integralt formdban jelentkezd karos kornyezeti hatdsok
kivédéséhez ennek tovabbi fejlesztése elengedhetetlen.
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1. BEVEZETES

A mult szézad kozepe 6ta szdmos kutat6 foglalkozott a Varhegy kialakulasaval, foldtani
felépitésével és a hegy gyomrdban képzodott uregrendszerrel. A teriilet atfogd
hidrogeologiai vizsgalatinak megkezdésére azonban csak Kessler Fubert vallalkozott
1971-ben, felismerve a természetes- és mesterséges eredetl vizek jelenlétének sokrétii
problémakorét. Az Alagut vagatainak vizesedése, a Varlejtok csuszasveszélye, az
{iregrendszerben megfigyelt vizbetorések mind azt indokoljak, hogy sziikséges folytatni
Kessler kutatasait. :

3. FOLDTANI ATTEKINTES

A hegy f6 tomegét a budai marga képezi, melynek a téma szempontjabd! harom fontos
tulajdonsagat kell megemliteni:

a.) az alsd Osszletrész nagy mésztartalmt, ezért karsztosodésra, Uiregképzodeésre
hajlamos, jO vizvezetd, mig a felsé szakasz nagy agyagtartalmi és viszonylag rossz
vizvezetd

b.) a marga nyomoszilirdsiga viz hatésira lényegesen csokken, egyharmad-
egynegyedére

¢.) a margadsszlet padjai uralkodéan D-i, ill. DNY-i délésiiek, aminek kiemelt szerepe
van a felszin alatti szivargovizek mozgasaban, az 5-30° kozott valtozé dolési sikok
mentén ugyanis a polgarvaros feldl a viz az Alagit felé aramlik (Dél felé).

A hegy tetejét sapkaként boritja az atlagosan 10 m vastag édesvizi mészkd, melyet a
teriileten feltord meleg hévforrasok alakitottak ki. Ebben a koézetben és ennek alsé
hataran jott 1étre a vildgon igen ritka mésztufa barlang- és iregrendszer.

3. BARLANGPINCEK

A barlangpincéknél harom szint kiilonithett el. A legfelsé szint 2-3 m mélyen taldlhato a
felszin alatt, ezek az épiletek mesterségesen kialakitott pincéi. A kozépsé szintet 5-8 m
mélyen vajtak bele az édesvizi mészkodbe, kibdvitve a természetes eredetil iregeket. A
harmadik szinten az ugynevezett mélypincék hizodnak, amelyekb6! ismeriink egyedieket
(kb. 60 db) és egy nagy osszefiiged rendszert, melynek Nagy Labirintus a neve. Ezek a
hévizes barlangképzdés hatasara jottek Iétre, mai forméajukat tobb évszazados emberi
beavatkozasoknak koszonhetik. A Nagy Labirintus alapteriilete 18.000 m?, mig az
egyedi mélypincéké 4.000 m? (1. abra).

A kutatok és a gyakorlati szakemberek munkéjat harom tényez6 neheziti
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1., a teriletrdl nincsenek hiteles térképek, mind horizontalis mind vertikalis értelemben
szamtalan eltérés mutatkozik a szaz év alatt készitett alaprajzokon és metszeteken.
2., a barlangokat hadi- és polgari védelmi célokra is fethasznaltak, ami nehézzé teszi az

ddatszerzest
3., sosem volt tisztazva a sziklapincék tulajdonviszonya, ami rengeteg jogi bonyodalmat

okoz.

4. VIZMERLEG

A Viérhegy természetes vizkészletét a csapadékbol kapott vizek tartjak egyensilyban. A
csapadékmennyiség ismeretében kulonféle hidrologiai modellek segitségével eléallithato,

a vizmérleg, melynek felhasznalasaval a vizes mitargyak (csatornak, aknék, smvargok)
tervezéséhez nélkilonoézhetetlen adatok nyerhetbk. Az eddig végzett szamitasok
eredményei- melyek a beszivargas mértékét becsiilik kalon a platéra ill. a lejtére-
jelent6sen eltérnek egymastol. Ennek okai: a kiilonbozo teriiletméretek alapulvétele, ill. a
kiilonféle szamitasi modok (parolgas figyelembevétele, lefolyasi tényezok stb.)

Kessler Hubert kétféle, nagysagrendileg is oridsi eltérést mutatd eredménye (24.400 ill.
146.000 m3/év) Ggy szilettett, hogy Kessler az iregekben talalt vizmennyiségbol
visszafelé is kiszamolta a beszivargds lehetséges mértékét. Eredményer azt bizonyitjak,
hogy a barlangpincékben Iényegesen tobb viz van, mint amennyi a csapadékbol
lejuthatna. Ezt a wztobbletet egyértelmilen a hibds kozmithalozat okozza, am ennek

bizonyitasa nem t0l egyszer(i feladat.

5. KOZMUVEK

A Févérosi Vizmiivek 1985 6ta végez rendszeresen idGszakos vizveszteség méréseket a
teriileten. Erre azért. van sziikség, mert egy kis hibahelyen lényegesen tobb viz
szivaroghat el, mint egy nagyobb cs6torés alkalméaval (pl. 5 mm-es Iyukon 24 l/perc).
Ezek a hibahelyek foleg az illesztéseknél és a bekotéseknél jelentkeznek. 1990-¢s adatok
szerint a Varnegyedben 7,7 m3/h volt a veszteség, ami 110 mm/év csapadéknak felel
meg. Ez évi 70 000 m> vizet jelent, ami jorészt lefedi a Kessler altal feltart kilonbséget.
Fontos megemliteni, hogy a Févarosi Vizmiivek, csakligy mint a Csatornazasi Miivek
csak a kozteritleteken felelés a vezetékeiért, azok izemeltetéséért és karbantartasaért. A
hazi bekotd vezetékek allapota még rosszab, mint a kozterileteken 1évoké, bar ezek
rekonstrukcidjat folyamatosan végzik. Rovidesen beépitik a folyamatos vizveszteség-
méré miszereket a Vér platdjan, ami nagyban hozzéjarul a hibahelyek gyors
kisziiréséhez. A Fovarosi Taviiitd Miivek az idén végzi vezetékeinek cserejct

A Csatornazasi Miivek 1993-ban készitett részleted dllapotfelvételt a  vari
csatornahélozatrol, mely 5000 fin hosszi, és egyesitett rendszeri. TGlnyomo résziiket az

1800-as évek végén fektették, ennek koszonhetden hidraulikai szempontbdl megfeleldek, e

sOt talméretezettek. Viszont a statikai és vizzarosagi kovetelményeknek nem felelnek
meg, korrodalddtak, kitiregelédtek. A kilonféle mitargyak, akndk Aallapota
katasztrofalis. A csatomakbol elszivargo v1zmcnnyiseget csak nagysagrendileg lehet
megbecsiilni, amiben a kémiai és a biologiai vizsgalatok is nagy szerepet jatszanak.
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6. KUTAK

Tavlati célunk egy sok paramétert figyelembe vevé, az eddigieknél pontosabb vizmérleg
készitése, melynek elsé lépcséfoka a hidrologiai észlelhalozat kiépitése. Ennek
keretében két évig miikodtettiink egy csapadékméré miszert a Téancsics Mihaly utcaban
(1. 4bra), felkutatjuk a Varlejtén talalhaté_forrasokat (késSbbi -vizhozammérés), ill.
begytijtjik a kozmiihalozattal kapcsolatos adatokat. A legtobb hasznos informacio a
kutak vizsgalatabol nyerhetd, az eddigi eredményeket a kovetkezdkben foglalom Ossze.

Az eredetileg létrejott mésztufa iiregrendszer a csapadékbol beszivargod vizeknek
természetes ciszternaja volt, melyekbél a XVIL szdzadban a korabeli lefrasok szerint 170
db miikodott. Ezen ciszterndk megesapolasara mélyitettek kutakat a mészkbe, illetve a
kisvizti iregek aljabél a margaba. Mig az 1700-as években 75 kutat ismertek, addig az
elfalazasok, tomedékelések kovetkeztében napjainkra csak 20 vizadé kit maradt. A

kutaknak 3 tipusét lehet megkiilonboztetni:

1.) Sekély vizmeritd helyek, melyek csak a mérgaréteget boritd kavicsteraszig vannak
lemélyitve (pl. Tancsics Mihaly u. 5. alatti kat)

2.) Kozepesen mély kutak, melyek a marga feszinéig, vagy abba 1 m-ig vannak
lemélyitve (pl. Disz tér 15.)

3.) Mélykutak, melyek a margaba meélyen be vannak asva (pl. Disz tér 10.)

A-kutvizsgalatoknal a kovetkezo paramétereket kell megfigyelni:
a.) vizallasvaltozas, lehetdleg a csapadék fuggvényében;
b.) visszatoltodési idd (vizadoképesseg);
¢.) vizhdmérséklet, léghdmérséklet;
d.) kémiai vizsgalatok;
e.) kutak kozti kommunikacio (dramlasok).

Ezeken kiviil fontos megfigyelni a csepegési helyeket, az itt betord vizek kemizmusat,
kiterjedését, valamint csepegési intenzitasat, : :

A felsorolt megfigyeléseket ¢és méréseket Kessler H. 1970. 1X. 6-t6l 1971. V. 30-ig
végezte, mig a Debreceni Buvar Klub és a szerz6 hosszt sziinet utan 1993. V. 29-én
kezdte meg Ujra az észleléseket. A Kessler és az 4ltatunk vizsgalt kutak csak részben
fedik egymést, mivel a hossza id6 alatt tobb kit hozzaférhetetlenné valt.

6.1. Vizallasvaltozas

A hetvenes. évekbeli méréseket heti egy alkalommal végezték, mm-es pontossaggal. A
hidrologigban nagyon- rovid idejiinek tekintendd észlelésekbdl annyi megéllapithatd,
hogy a vizallasvaltozasok nagyjabol kovették a csapadék eloszlasat, a hoolvadasok pedig
egyértelmiien nyomon kovethetok a vizszintadatok titkrében. Arra viszont nem lehet
teljes bizonyossaggal vélaszt adni, hogy a csapadék és a vizszint kapesolata kozvetlen-e,
vagy a csatornakbol lejutott vizmennyiség jelent meg a kutakban. Erdekes, hogy a
Jegnagyobb heti véltozds 170 mm volt (IX. kit). Eza nagysagrend tette elfogadhatova az
altalunk felszerelt mechanikus vizszintmérd 6rak alkalmazasat, mivel ezek maximalis
holtjatéka 5 cm. Ezek a milszerek kozel két éve tizemelnek folyamatos regisztraciot
biztositva (havonta kell dket leolvasni és Gjrainditani) és eddig mindegyik konstans
vizallast mutat. Eszerint a vizéllasvaltozdsok 5 cm-en belil mozognak, ezért mm
pontossagi nyomasérzékeld miiszerek beszerelését tervezzitk kb. 7 db kitba. Ezek a
miiszerek vizhémérsékletet is tudnak regisztralni.
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6.2. Visszatolt6dés-vizado képesség

Kessler H. négy kutat vizsgalt (1IL, VI, IX., X11.), melyeknek a leszivatty(zas utani
visszatoltddési idejikkbd! rendre a kovetkezd értékeket kapta: 3,9 U/nap; 43 I/nap;
16 I/nap; 9,3 Unap. Az {jabb eredmények alapjan a teriilet hidrologiai szempontbol négy
részre oszthatd, melyet a térképen nagy romai szamok jelolnek.

6.3. Vizhomérséklet

Megallapithatd, hogy a kiitvizek hémérséklete koveti a barlangi léghdmérsékletet, kivéve
a probaszivattyGizasok utan, mert akkor a visszatoltddéseknél felmelegedés tapasztalhato.
Ez azt latszik igazolni, hogy az utanpotlodas a réteghataron tarolt statikus vizkészletb6l
torténik. Az allandd vizhémérséklet mérést a fent emlitett nyomasérzékeld miiszerekkel
lehetne megoldani, igy eddig csak kevés adat all rendelkezésiinkre.

6.4, Kemizmus

A huszonot évvel ezel6tti vegyi vizsgalatok a viz §042- és az NOy" tartalmét mérték.
Ezen anyagok jelenléte ott volt kiugroan magas (600 mg/l SO42 és 940 mg/l NO37),
ahol nem lehetett kaposolatot talalni a csapadékvizekkel. Neéhol az NH,* is megjelent. A
mai vizsghlatok eredményeit az 1.,2. tablazat tartalmazza, az eddigi két mintavételezes

alapjan

Kiugroan magas értékeket kaptunk a vezetoképességre a T-es és a 12-es kitnal, valamint
a 10-es katnal, amit csak egy alkalommal volt mo6dunk vizsgalni, Ennek a harom kutnak
a vizében a legmagasabb a klorid-ion- és a natrium tartalom is, ami a szennyviz jelenlétét
igazolja, A 9-es kut vize jelentdsen tisztult az els6 alkalomhoz képest, de most sem
zarhato ki a szennyezddések jelenléte.

1. tabldzat Vizmintdk vizsgdlati eredményei, (1994.VIL5.) * csepegési hely, vizbetdrés

Mintaszam pH Vezet6képesség | Oxigénfogy.ps. Na

' " uS mg/l mg/!
6 8,50 1280 2,80 81,49
7 8,55 2080 2,00 315,70
9 8,77 1420 3.44 107,3
11 8,52 1330 2,72 68,3
12 8,31 3800 2,48 386,6
13 8,40 900 1,92 73,83
14 8,57 690 1,84 25,33
A* 8,68 650 2,40 11,42
B* 8,70 520 2,72 11,85
C* 8,50 530 1,52 11,72

i oy
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2. tabldzat Vizmintdk vizsgalati eredményei, (1994.1X.21.) * fluoreszceines volt a minta

Mintaszam pH Vezeto- | Oxigénfogy. | Klorid-ion Na-ion

képesség ps. mg/l mg/l mg/l

6 7,84 1080 3,04 148 78,14

7 8,03 2050 2,08 580 364.6

8 745 1700 2,80 208 109,5

9 7,69 670 2,96 50 35,12

10 7,78 1800 2,48 438 197,2

11 7,65 1190 2,80 134 66,38

12 7,64 3380 1,68 - 1076 415,00

13 7,79 800 1,60 72 79,29

14 7,69 . 530 1,04 36 19,02

18t 7,60 1260 12,8 270 99,03

A* 8,21 465 1,12 28 11,92

B* 791 520 2,32 32 25,74

< D* : 8,22 960 3,92 186 128,10
6.5. Aramlds

Kessler nem is probalkozott a kitvizek megfestésével, mivel az aramlas sebessége
rendkiviil kicsi, -hanem a vizszintekbdl probalt kovetkeztetni az aramlasi iranyokra.
Néhany helyen probalkoztunk a vizfestéssel, de ez a Nagy Labirintus teriiletén nem jart
eredménnyel, viszont a mi vizallasadataink alapjan semmiféle aramlas nem regisztralhato.
Kiilon érdekesség, hogy az egymashoz nagyon kozel 1év6 6-0s és 7-es kit kozott sem
tapasztaltunk semmi kapcsolatot, amit a jelentosen eltérd vegyi paraméterek is
bizonyitanak (1., 2. tdbldzat). Ezzel szemben a IV-es jeliy teriiletr8l a kitvizek
egyérielmiien a Vérlejtd felé szivirognak, amit a vizfestések is igazoltak. (P1. a Téncsics
M. u. 15. alatti kit vize a Kagylo Iépcsé mellett szivarog ki, ami ENY-DK-i iranyd
aramlasnak felel meg, 1. 4bra) Ez a tamfalak megrongalodasat, sot megesiszasat is
okozhatja, amire az elmait idészakban t6bbszor is akadt példa (pl. Halaszbastya).

6.6, Csepegési helyek

Ahol magas a minta elektromos ellenllasa ¢s kicsi az ionkoncentracio, ott a csepegés
valoszinGi vezetéki vizb6l szarmazik, ahol ez a relacié forditott, ott szennyviz jelenlétére
kell gyanakodnunk. Ezeken a helyeken erre az elviselhetetlen szagokbol is
kovetkeztethetiink. A fotén a vizesedések 1-t61 40 mZ-ig terjedtek el, a csepegések
intenzitasat a kozeljoviben kezdjik mérni. Kessler helyenként 6000 I/nap értéket is
gszlelt m2-ként. Mi a csepegési és vizbetorési helyeknél ugyanazokat a kémiai
paramétereket vizsgltuk, mint a kdtvizeknél (1. dbra,1.,2. tablazat).

Az "A"val jelolt részen mindkétszer tiszta vizet talattunk, ami azért érdekes, mert
majusban allitottak helyre a pont felett hizodo vizvezetéket, ami addig el volt torve.
Ennyi ideig nem tarozodhatott a kézetben az addigi hibabol szdrmazo6 viz és igy nincs
magyarazat a folyamatos utdnpotlédasra. A "B" pont kozvetlen kapcsolatban van a
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csapadékkal. Az elsé mintavétel elétti‘két napon dsszesen 57 mm csapadék esett, ami
elontotte a kornyezo iregeket. A masodik alkalomra az intenzitas jelent6sen lecsokkent,
a viz mindsége alig valtozott. A "C" pontbeli csepegésnél a vegyi paraméterek ivoviz
mindséget mutatnak, pedig az egész Labirintusban itt van a legkellemetlenebb szaghatas.
Lehet, hogy a mészké kisziirte a szennyezbanyagok egy részét, vagy a helyi
korilmények teszik lehetévé a baktériumok elszaporodasat. A "D" vizsgélati pontnal
tobb helyen a falakbol dél a viz. Valészinilleg az Orszaghdz utcai kozmiiépitések
kovetkeztében sériilt meg valamelyik vezeték, lehet, hogy fiitbvezeték, de a kemizmusa
alapjan szennyviz is lehet. ’

7. MEGALLAPITASOK

A Varhegyr6l, mint onallé hidrologiai egységrol kevés ismeret all rendelkezésinkre. A
legtobb hasznos informacié a barlangi kutak vizsgilatabol nyerhet6, melyek alapjan a.
kovetkezd megallapitasokat tehetjiik:

o A kutak vizszintje nem véltozott az 1 éves megfigyelés alatt az idénkénti kiugroan
magas csapadék hatasara sem.

« Néhany kit vize erdsen szennyezett.

o A Nagy Labirintus kitjai kozott nincs kommunikécié, amit a vizfestések és a vegyi
vizsgalatok is igazoltak. :

o A kiillonallo tregek néhany kitjabol ENY-DK-i iranya aramlas figyelheté meg, ami
komoly miiszaki problémakat okozhat.
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