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PREFACE 

In November 1990 a two-days Seminar took place on the premises of the 

Technical University of Wroclaw, Poland, in which some 50 scient ific 

researchers and engineers participated, both from the Technical Universities 

of Wroclaw, Poland and Eindhoven, the Netherlands . From the University 

of Wroclaw, in particular, the Institute of Building Engineering, and from 

the University of Eindhoven, the faculty of Building and Architecture, viz. 

the departments of Structural Design and Engineering and Building Physics, 

contributed to the content and organisation of the Seminar. 

The seminar aimed at the start of a research cooperation between the 

two universities within the field of building engineering. In addition the 

possibility of exchange of graduate students was aimed at. 

The seminar was thought to be the first in a series of two-years 

gatherings of scientists and engineers from both universities, to be 

undertaken in the years ahead. 

In de closing session of the seminar it was concluded that research 

cooperation would be appropriate and important in the fields of: 

- Masonry structures, in particular new developments in masonry mechanic s; 

- Strenghtening of existing structures, in wood, concrete and steel; 

- Building physics, separately and in combination with the foregoing fields. 

It was decided also to ask the University of Sheffield, Great Britain, 

Department of Mechanical and Process Engineering (Prof. Dr. R .N. Swamy), 

to join the inter-university research cooperation. 

From contacts with him it was known that there was a definite interest 

from the side of Sheffield in research cooperation in the fields listed 

above. 

During the seminar the discussions were lively and fruitful, and a mutual 

understanding of the research potentialities and problems - nevertheless 

going along with them - from both sides was gained. 

The advantages and problems as well of graduate student exchange were 

enlighted and further explored. 

It was decided, finally, to continue directly with an application for an 

exchange of academic lecturers between Sheffield, Wroclaw and Eindhoven, 

under the action of the TEMPUS programme from the European 

Community (EC). 

The next seminar will take place at Eindhoven University of Technology ill 

1992. 

Dr. J. Jasienko 

Dr . H.S. Rutten 



First seminar of research cooperation between Universities of Technology 

Wroclaw, Poland and Eindhoven, Netherlands. 

On the 7th and 8th of November 1990 at Wroclaw University of 

Technology, Poland. 

Wroclaw University of Technology (WUT); 

Faculty of Civil Engineering; 

Ins ti t ute of Building Engine e ring (IBE) 

Eindhoven University of Technology (EUT); 

Faculty of Building and Architecture; 

Department of Structural Design and Engineering (BKO) and Building 

Physics (FAGO) 

Honoured hosts and dear colleagues and friends. 

It was In the late summer of last year that our Polish colleague and 

friend Dr. Jasienko, during his stay as a research fellow at our university, 

in his well-known modest and courteous way drew my attention to the 

idea of a research cooperation between WUT-IBE and EUT-BKO. I well

comed this idea immediately, and with me the 'vakgroep' (department, 

disciplinary group) BKO. 

With Dr. Jasienko we developed a first approach to the intended research 

cooperation between Wroclaw and Eindhoven: In a joint seminar, to be 

organised in the fall of 1990, the research areas, subjects and projec ts, III 

progress or planned at WUT and EUT, would be presented and explained to 

and fro. Whereupon it would be discussed and decided which areas and 

subjects lend themselves for international scientific cooperation in our case. 

Tn May this year Prof. van der Ploeg visited Wroclaw for a first meeting 

on the preparations of the seminar in October/November this year in 

Wroclaw. 

With his visit the first copies of research plans and descriptions have been 

exchanged and the actual date of the seminar was chosen: the 7th and 

8th of November. 

We are pleased and grateful to the University of Wroclaw and Institute of 

Building Engineering for their kind and generous invitation for this seminar 

today and the friendly and hospitable reception we have met here in 

Wroclaw. We hope to be able to reverse your hospitability at Eindhoven 

some day a t the occasion of the return seminar a t Eindhoven. 
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As a result, the first aim we are united for here today is, (1) to inform 

us to and fro with respect to the research going on here in Wroclaw and 

in Eindhoven, (2) to discuss and analyse the areas and subjects in view of 

their prospects of an inter-university research cooperation and (3) to arrive 

at an agreement on at least one, but preferably more projects on which 

the research cooperation relies and is further realised. 

Joint research projects which are partly executed in Wroclaw and partly 10 

Eindhoven . 

The progress and results of these projects can be disseminated in a wider 

group and at the same time published by means of joint seminars to be 

helt each year. One year in Wroclaw, the other in Eindhoven, and so on. 

Publication is thereby thought in a jointly contributed report: the 

WUT -EUT seminar proceedings, to be issued with each seminar. 

In addition we have in mind the exchange of graduate students between 

Wroclaw and Eindhoven. Polish graduate students who do part of their 

graduation work in Eindhoven and vice versa, Dutch students in Wroclaw . 

We think thereby of graduation research work or a design project of 

minimum three months to maximum one year. 

This is the second aim of our participation in the thought cooperation and 

the present seminar. 

The students could possibly execute parts of the joint research projects for 

their graduation, apart from, of course, other graduation work or tasks. 

Potential young researchers, both from the University of Wroclaw and 

Eindhoven, in this manner could already gain some experience in 

international scientific research cooperation. 

A proper agreement between WUT and EUT should, of course, guarantee 

tha t research and design work done and valida ted at Wroclaw by Eindhoven 

students is fully recognized by the graduation committee at Eindhoven and, 

vice versa, for graduation credits or points obtained by Wroclaw students 

in Eindhoven by the graduation committee of Wroclaw. 

In view of the foregoing, the Eindhoven delega tion to the seminar 

therefore consists of: 

9 professors and senior scientific staff members, 

3 junior researchers, 

3 technical and laboratory starr members, and 

6 graduate students, 
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plus, of course, mrs. Muriel Alblas, who has accepted the far from 

negligible task of collecting and arranging the texts, overhead sheets, 

slides, etc. of the papers to be presented here today and tomorrow and 

the preparation of this material for the seminar proceedings. 

Before entering now into some what more detail of the research activities: 

area, contents and scope, of the 'vakgroep' BKO of EUT, I would like to 

inform you first and shortly about the EUT and the Faculty of Building 

and Architecture thereof. 

The town of Eindhoven is situated in the South of the Netherlands, close 

to and almost in the centre of the border with Belgium. Closely located 

also to the Universities of Leuven (Louvain) and Luik (Liege). As well as 

to the West-German universities of Aachen and Bochum. The town has 

about 200.000 inhabitants and the agglomeration, including suburbs, counts 

in the order of magnitude of 350.000 inhabitants. 

Mentioning Eindhoven is often synonym with Philips, the electro-technical, 

multinational giant. An other well-known Eindhoven industry is OAF, from 

the worldwide spread of DAF-trucks. 

Eindhoven University of Technology was founded in the years after the 

second world war and started its engineering education in 1956. The 

Faculty of Building and Architecture began ten years later, in 1966. 

The EUT is a fully technical university with only one faculty in the 

humanities: Philosophy and Social science s. The other faculties are : 

Mathematics and Computer Science, 

Applied Physics, 

Mechanical Engineering, 

Electrical Engineering, 

Chemical Engineering, 

Industrial Engineering and Management Science. 

The total number of students is about 7000, of which 180'0 are first year 

students. The nominal curriculum bases itself on 4 years study. Only a 

small percentage of students graduate indeed In 4 years. 

The Faculty of Building and Architecture (B) embraces at the moment a 

total of about 700 students, of which 200 are first year students. 
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The Faculty B comprises 4 departments (called 'vakgroep' in Dutch): 

- BAU: Architecture, Urban planning and Building/Facility management. 

Applied informatics (CAD, CAM, etc.) 

- BFA: Physical aspects of the built environment and Building services. 

Material science . 

- BPU: Realisation (Industrial production and building erection) and 

Construction management. 

- BKO: Structural design and engineering. Applied Mechanics. 

The curriculum of the Faculty B starts with a two-year undergraduate 

study (P- and D I-study) (actually 7 three-month periods), which is the 

same for all students. A course year is subdivided in 3 three-month 

periods (called a trimester) of: 

9 weeks lectures, exercises and so called 'projectwork': from small to 

complex building tasks and problems are worked on and solved in 

groups of 10-12 students, conducted by a staff member. 

week overlap and exam preparation 

3 weeks examina tions 

After these 7 trimesters, the student can choose for a particular graduate 

study, within one of the four departments: 

BAU: - Architecture 

- Urban renewal and management 

- Facility management 

- Urban planning and design (Urbanistics) 

- Building informatics 

BFA : - Building physics 

Building services (technical installations) 

- Building ma terials 

BPU : - Building construction 

- Industrialized building and industrial production of building parts 

BKO: - Structures and buildings 

The graduation study (D2-study) again consists of lectures, exercises and 

for a great deal of 'projectwork' . The nominal duration is 5 trimesters, 

somewhat less than two years. The conclusive part of the 'projectwork' is 

a graduation project of abo-Jt one year. 

This project may fully or partly consist of research work. Independent 

research or research work which forms part of current research of one of 

the four departments. 
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For the latter research, as well as the teaching tasks: lec tures, exercises, 

projectwork, the 'vakgroep' BKO is organised in 5 sections : 

KOI: Structural design in general and in relation to the other building 

disciplines (c a lied : In t egra tion) 

K02 : Concrete structures, Masonry and Foundation engineering 

K03: Steel structures 

K04: Timber structures and Bamboo 

TM: Applied mechanics. 

For its research work, which generally consists of 

- analytical or desk studies, 

- numerical and computational research, 

- experimental, both model and prototype investigations, 

the 'vakgroep' BKO has at its disposal a well-equiped laboratory, together 

with the section Material Science of the 'vakgroep' BFA. The lab is 

called: Pieter van Musscheobroek Laboratory, in name and honour of the 

famous 18th century Dutch physicist and experimentalist, who did indeed 

the world's first experiments for the sake of engineering utility of the 

experimental results. 

The technical and laboratory staff of the lab, consisting of a head and 6 

- 8 technicians, assists and collaborates with the scientific staff and 

graduate students in carrying out their research. 

The central theme of the BKO-department's research programme is : 

"Optimalization, innovation and recycling of building structures and building 

materials" . 

An overview of past, current and future research subjects and projects, 

categorized according to a fore-mentioned categories : 'desk', computational 

and experimental research, is summarized m attachment one . 

A second attachment gives the allocation of research subjects according to 

each section. 

The research lectures to be presented today and tomorrow within the 

context of this seminar, from the part of the Eindhoven delegation, form 

part of these research subjects of the sections. In the overview they are 

marked with an asterisk . 
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Carrying out research has always been, it still is and will remain for me 

a continuing, fascinating and adventurous undertaken. Doing research with 

and by young people, young minds, is an even more fascinating and 

inspiring job and experience, as well as a great privilege. 

Finally, I whole-heartedly express that this seminar may be fruitful and 

succesful in every respect and, a first as such in a long range to come . 

Ladies and gentlemen, thank you for your attention. 

30 oktober 1990 
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KOl: structural 

Design. 
General and 
Integration 

General: 
- Skeleton 

structures 
* - Lightweight 

structures 
* - CASD: computer 

aided structural 
design 

Integration: 
- coupling back 

strategy 
* - Industrialized 

housing 
- Facility 

management 

SUBDIVISION OF BKO-DEPARTMENT IN RESEARCH SECTIONS 

Department BKO 

Structural Design 

I 
K02: Concrete 

Structures, 
Masonry and 
Foundation 
Engineering 

- Mechanics of 
concrete 

- Fibre reinforced 
concrete and 
ferro-cement 

* - structural 
masonry 

- Floor/slab 
structures 

- Concrete-steel 
structures 

and Engineering 

K03: Steel 
structures 

- Cold-formed 
profiles 

- Steel-concrete 
structures 

- Joints 

I 
K04: Timber 

structures 
and Bamboo 

- Joints 
* - stability 

- Integrated 
structures 

- Timber-skeleton 
structures 

- CAD/CAM/CAE 
* - Bamboo 

I 
TM: Applied 

Mechanics 

- Strongly 
curved 
shells 

- Explosion 
loaded and 
resistant 
structures 

- Nonlinear 
shell 
structures 

- Wind load 
on (tall) 
buildings 

* Laboratory measurements 
* Building physics 

}> 
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}> 
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BKO-DEPAR TMENT 

Research theme 

Optimalization, innovation and recycling of building structures and building 

materials. 

Research area 

- Buildings and building structures 

- Design and optimalization 

- New structures (elements '* components '* systems) 

- Design- and computational methods 

Research projects 

See sections 
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KOl: STRUCTURAL DESIGN: GENERAL AND INTEGRATION 

Research theme 

KO-general: Application of various specific research results concerning 

load-carrying structures towards structural integration and integrity, in 

particular with respect to design methods and design rules. 

KO-Integration: Structural design in particular with regard to the 

interrelation with the other disciplines acting together in building design, 

construction and services (utility/functions, space, climate, construction and 

installation, maintenance and management). 

Research area 

KO-General: 

Lightweight structures. E.g. shell- and membrane structures. 

Development of computerprograms to incorporate nonlinearities and 

dynamic effects in design- and computational methods (CASD). 

Computer supported drawing of reinforced concrete structures, in 

particular, drawings of the reinforcement bars and nets. 

Application of new materials in structures (glassfibre, foamed concrete, 

epoxy bars and fibres, etc). 

Development of advanced computerprograms for portal-frames in 

prestressed concrete, floor slabs, etc. 

Joints between prefabricated elements. 

KO-Integration 

Analyses of exploitation phase(s) and management of buildings for the 

deduction of overall performance criteria of buildings up to and 

inclusive their restoration or demolition (Iifecycle criteria and costs). 

Development of design methods based on the foregoing analyses 

(Strategies of coupling back the service demands of buildings to the 

planning and design phases) and taking into account the diverse aspects 

and requirements of the various composing structures and systems. 

Development of structural solutions and techniques responding to the 

foregoing interrelations of aspects and demands. 
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Research projects 

KO-General 

Design and dimensioning of skeleton-structures. 

Lightweight load-carrying structures (OBD-project: a lightweight roof 

structure, covering large areas, which can be opened and closed at 

wish). 

CASD: computer aided structural design. 

KO-Integration 

Coupling back strategies (Iifecycle criteria and costs of building ready 

for the planning and design stages). 

Industrializing the design and construction of buildings, in particular, of 

housing (ISB-project: Innovative system of planning, design, construction 

and serviceability of housing). 

Facility management. 
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K02: CONCRETE STRUCTURES, MASONRY AND FOUNDATION 

ENGINEERING 

Research theme 

Mechanical properties and behaviour of concrete and other stone-like 

materials (masonry), as well as the structures thereof, reinforced or not, 

pre- of posttensioned or not, inclusive fibre reinforcement. The 

development of computational models and methods, the determination of 

relevant properties. 

Research area 

Mechanical behaviour and forces of concrete under multi-axial loading, 

in particular post-critical behaviour (a .o. force-displacement softening). 

Numerical modelling of this behaviour. 

New structural materials, such as ferro- and non-ferrocement, and 

thin-walled structures fabricated with these materials, meeting the 

demands of: efficient material usage, lightweight, economy and durability. 

New floors lab structures for housing and industrial buildings (offices, 

hospitals, etc), directed towards optimalization of costs and quality. 

Structural masonry : development of a scientific basis for the design and 

computation of masonry structures. Development of design concepts . 

Research projects 

Concrete mechanics 

Fibre- and Ferrocement 

Concrete aspects of integrated concrete-steel structures, as for 

example, steel-concrete floorslabs (in cooperation with K03) 
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K03: STEEL STRUCTURES 

Research theme 

Mechanical properties and behaviour of thin, flat or profiled, steel 

sheeting, the structures thereof, as well as fire-resistance. Steel-concrete 

composites. 

Research area 

Evaluation of new applications for steel and steel products; finding new 

ways of design, production and maintenance of these. 

Development of new products and systems relying on steel. 

Development and improvement by means of theoretical and experimental 

research of design- and computational methods, with respect to safety 

and economic feasibility . 

Much attention is paid to the development of simplification of detailing, 

of appropriate properties (a.o. fire resistance) of products made of thin 

steelplate (roof and facade cladding, purlins and girders), eventually in 

combina tion with insulating rna terials and concrete . 

Research projects 

Cold-formed profiles. 

Steel aspects of steel-concrete structures. 

Joints. 
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K04: TIMBER STRUCTURES AND BAMBOO 

Research theme 

Meohanical properties of wood, timber; integra ted structures, joints In 

timber structures . Lateral buckling of beams and portal frames. 

Mechanical properties of bamboo and the mechanical behaviour of 

bamboo-s tructures. 

Research area 

Investigation into the mechanical properties of joints between wooden 

structural parts and the deformation as a whole of timber structures. 

Development of computerprograms for easy control of design proposals 

and for the application of complex, but as a result more economic 

calculations. Investigation into the lateral buckling phenomena of 

wooden portal frames. 

Investigation of buckling of bamboo and of appropriate joints for 

bamboo structures. 

Research projects 

Joints. 

Stability (a.o. two-dimensional stress and strain). 

Integrated structures. 

Preservation. 

Timber skeleton-structures. 

Structural usage of timber products. 

CAD/CAM/CAE. 

Bamboo: - mechanical properties. 

- joints in buckling. 

- deformations of frames. 
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TM: APPLIED MECHANICS 

Research theme 

Numerical analyses. Computa tional models and computerprograms generally 

developed for the application in design- and control calculations. 

Facilitation of the comparison of design alternatives. 

Research area 

Simulation of force patterns and deformations of structures by means 

of models, methods and techniques based on the usage of computers 

and computerprograms. 

Nonlinear mechanics : geometrically and/or physically nonlinear behaviour 

of materials and structures . 

Dynamics of structures : behaviours for which material velocities and 

accelerations are of prime importance. 

Probabilistic mechanics: force- and deformation Quantities are considered 

hereby as stochastic variables, and structural behaviour and forces as a 

stochastic process. 

Experimental mechanics: (mechanical) properties and Quantitative data 

regarding materials and structures; testing and verification of 

hypothesis, models, methods and techniques. 

Research projects 

Strongly curved shells. 

Explosion loaded and resistant structures. 

Nonlinear behaviour of shell structures. 

Windload on (tall) buildings. 
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FLEXURAL TORSIONAL BUCKLING OF TIMBER PORTAL FRAMES 

by Ir. J .H. van der Ploeg 

Many timber structures are made of and with portal frames. 

The design methods regarding the strength of these frames are well 

known . Most of the frames are statistically determined, so the internal 

forces can be calculated for different loading conditions. 

Besides the strength, the stability of the frames must be considered, in 

the plane of the frame, the so-called buckling, as well as out of the 

plane, the flexural-torsional buckling. Both possibilities of these instabilities 

are well known for straight prismatic beams and the design rules are 

available. But these design rules are not correct for non-prismatic beams 

and certainly not for portal frames with non-prismatic members. 

This is why in our group Timber-structures work is done by mr. ir. D.A. 

Padmoes for his doctor's degree. The subject of his thesis was the 

flexural torsional buckling of timber portal frames. 

His method of investigation is based on a numerical model, where the 

non-prismatic members are replaced by a series of prismatic segments. 

Each of these segments is analysed to determine the forces at the ends 

of the segment. Uniform distributed loads are replaced by point loads at 

the end of the segments. The numerical process is based on assuming a 

curve for the deformation at the beginning of the process and a certain 

magnitude of the loading. 

The process of the calculations of the deformations, the affinity of the 

deformations and the corresponding loadings are nested in three iteration 

cycles with different conditions. The results are the critical load and the 

buckling mode shapes. 

The calculations can be made on a personal computer. 

Certain simplifications were necessary. Therefore also an experimental 

investigation has been done. We made a model (fig. 1) from a three 

hinged frame and of an synthetic material, called perspex. The dimensions 

in the knee of the frame-model is 5.2 x 76 mm. So the ratio of the 

height and the width of the cross-section is about 14, this is greater th::tl1 

in practice. 
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The experimental method is the reflection moire introduced by Ligtenberg 

in 1955. This method is usually used for plate structures. The surface of 

the structure has to displace perpendicular to the surface. The surface will 

be surved and distorted. A screen with a line-grating is placed opposite 

the model. By a hole in the screen and because of the reflective surface, 

both the model and the lines on the screen can be photographed. Making 

two photographs on one film, with different loadings on the model one 

becomes a picture with moire-fringes (fig. 2). 

These moire-fringes tell you something about the curvature and the 

distortion of the model. The difference between two fringes is an angle 

with a value of 1/ 800. It has to be measured perpendicular to the lines 

on the screen. 

The screen is to be turned about the axis through the hole of the screen, 

the lines can be placed in any direction . 

The screen is to be turned about the axis through the hole of the screen, 

the lines can be placed in any direction. Because we are most interested 

in the displacements of the member the line-grating is now perpendicular 

to the axis of the member. 

Figure 3 shows you the loading on the upperside of the member via disks 

of perspex. With thin thread and other disks, dead load has been placed. 

The upper disks have been put between thick plates of perspex to prevent 

lateral displacements. The possibility of distortion of the member remains. 

There is the possibility of rotation about two horizontal axes at the base 

of the column, see figure 4. The rotation about the vertical axis is 

prevented. 

The loadinghooks for the loadingbars are shown. 

The top of the frame is provided with a ball bearing so rotation about 

any axes is possible (fig. 5). The ball rests to a vertical roller bearing. 

One of the loadings is also here at this point and the top can be 

displaced along the roller bearing . 

Some investigations have been made with only the loading at the top of 

the frame and only a lateral restraint at the knee . 

The bending moment diagrams are straight and nearly similar to those 

caused by a uniform loading on the member. 
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Figure 2 shows the quality of the displacements. The largest curvatures 

are there where the moire-fringes are close to each other. The oblique 

direction of the fringes shows the distortion. From these pictures the 

critical load can be obtained with the Southwell method. The 

load-deflection curve of an initial imperfect column is a hyperbola near 

the buckling load. With the experimental values of the load and the 

corresponding values of the deflections one can construct a graph of ufF 

versus u. The slope of the line through the points of the graph gives the 

estimate of the critical load. This can be done both for columns and for 

frames. 

The results obtained by the experiments and those from the numerical 

model differs less than 10%. 

Dr. Padmoes has derived design rules for this type of timber frames which 

can be used to check the flexural torsional buckling of timber portal 

frames, if loaded and rigidly supported at the outer edge of the roof beam. 

In our laboratory 6 timber frames with real dimensions will be 

investigated. We would like to control the results from the numerical 

model with those obtained from real constructions with real material 

properties. The geometry of two of the timber frames is the same as that 

of the perspex model. The other 2 x 2 frames have a thickness of 1.5 

and 2 times the smallest thickness. 

Figure 6 shows you the test set-up. We soon hope to obtain results. 
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Figure J 

Figure 2 
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Figure 3 

Figure 4 
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Figure 5 

Figure 6 
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MASONRY RESEARCH 

by If. A. Th. Vermeltfoort 

Introduction 

Most things I am going to tell are perhaps new to you but they are 31so 

rather new to me; today I am exactly 6 months in employment with the 

Eindhoven University of Technology . Also the professorial ch3ir IS new . 

Prof. Schiebroek had his inaugural speech on September 7th of this year. 

The first figure shows an overview of the work which is carried out in 

our group. It can be devided in a theopretic and an empiric part. We will 

concentrate on two series of tests: TGB-tests and B50-tests . 

Main topics 

masonry 

research 

Figure I 

I. TGB-tests 

{

theoretic L 

emp"'c i 
design methods 

numerical analysis (A33) 

TGB 

B50 

Lintels 

Various 

1 
unbaked bricks 

esthetical aspects 

TGI3 is a Dutch standard. TGB is the abbreviation of the Dutch titel 

which reads in English: 

"Regulations for the calculation of building structures", and in particular 

the part "brick work". 

The relation between brick and mortar is investigated many times alre3dy, 

for example by Haller, and the strength of masonry can be found by 

formulae or tables as a function of brick and mortar strength. Also in th e 

Netherlands. 
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mean block strength of ~nasonry in 
or N/mm2, for an average 
brickstrength mortar strength in N/mm2 of: 
in N/mm2 

2.5 7.5 12.5 

5 1.0 - -
10 2.0 3.0 -
15 3.0 4 .5 -
20 4.0 5.5 -
25 4.5 6.5 -
30 - 7.5 9.0 
35 - 8.5 10.0 

formula EC6: fk 

Figure 2 

Because these relations are mainly based on foreigh experiments, and 

because we have our own kind of bricks, but for different other reasons 

also, the allowable strength of masonry according to Dutch regula t ions is 

kept low. Closer investigation is suggested if one thinks to have higher 

strengths. 

1. 1 Allowable strength of masonry 

Tests are carried out to get more information about the influence of 

mortar and bricks on the strength of masonry in Dutch situations . So the 

tes ts carried out have two purposes: 

- Establish the relation between the strength of bricks, mortar and masonry 

- Developing tests to be used on building sited, like the ones that are 

used for concrete. 

TGB-tests 

Purpose I: relation between the strength of 

bricks 
+ and masonry 

mortar 

Purpose 2: tests to be used on site 

figure 3 
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TGD-Test specimen 

masonry 

c olumns 

wallets RILEM 

Illortarpri s ms 

Illortarcubes 

bri c ks 

Fi g ure 4 

t/ 
J 

I.~ Testspecimen 

200 * 200 * 750 nlm 

100 * 430 * 420 mm 

components 

40 * 40 * 40 mm 

100 * 100 * 100 mm 

96 * 204 * 45 m m 

grinded 5 .. 7 pi e ce s 

WI.' have tested masonry in two forms: columns and wallet s (RILEM) . 

Ofco urs e test s hav e been carried o ut t o e s tabli s h the strength of mortar 

and bri c ks. All masonry is constructed in the laborat o ry under close 

s uper vis ion to minimize workmanship efre cts . 
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1.3. Results TGB - tests 

A series of numbers, all the average, of at least 3 but mo s tly 6 tests is 

shown in the next table. The relation, if there is one, is difficult to see. 

The quality of the mortar 129 was questionable, therefore n new series is 

tested, marked with * 

VEI16 VEI29 VElh4h VE129* 

20 * 20 8 .20 1 I. 18 8 .95 8.86 
wet 7.73 9.00 
RILEM 11.50 8.43 10.24 8.36 

brick I 1.53 
mortar 5 .50 l5.00 18.00 3.41 

JOl16 JOl29 JOlh4h JS129* KZlh4h 

20 * 20 10.71 17.00 14.54 12.95 17.47 
we t 15 . 18 
RILEM 14.70 20.03 15.04 11.69 16 .25 

brick 39 .27 22 .31 
mortar 5 .50 15 .00 18.00 3 .41 18 .00 

1.4. Quest ions / remarks 

I) The strength of masonry mainly depends on three properties: 

- The strength of the brick 

- The strength of the mortar 

- Something else ..... 

To n certain mortar-strength the strength or the masonry depends on the 

strength of the mortar after that it depends on the strength of the brick s . 

The maximum strength of masonry is the strength of the bricks. 

]n these assumptions many influences are neglected, but it give s a sim p le 

"workingrule" . 

Something else has to be cut out as much as possible . 

2) Establishing brick strength we are suggesting to use grinded bricks In n 

pile with a height / depth ratio o f at least 2. 
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3) The mortar strength can be tested with prisms 40 * 40 * 160 

three-point bending tests and compressiontests on the two piece s . 

The compression has to be gained by a regulated method . The mort:1r 

quality depends on the compaction so therefore a standard method h:1 s 

[0 be used, for example the method de scribed in EC6 . 

4) Many tests have to be carried out to prove these assumptions. For 

example the question of the influence of the interaction stone mortar 

(Haller-coefficient for water absorbtion) on the quality of the mas onry . 

(

' I 

n tl l . :>I'IVl1"J 

II' 

n) 0'- b\ r 
'Jl,cYJ] Ul 

F ig ure 5 

') fl SO tests 

, 
\ ... . _._- -.:-:--

- ,I 

}. ~Y'n-(bl..l. 
~.)f" ic..k , , ~ 'lx C}7J i:J) 

r-{50 is the name of a commission. To explain this I should have to explain 

co mplete background of the organisation and that is not the matter 

n()w . 

With the development of numerical techniques it is not sufficient to think 

or tile material as a homogenious one . Material non-linearity and 

progressive local failure ask for more detailed investigation of th e brick s 

and the mortar under loading. 
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A complete material model requires the definition of constitutive relations 

before and after failure and suitable failure criteria. The constitutive 

relations fepend upon the stress state and any local failures of either 

brick or joint. 

A series of testrs on different levels will be carried out to get more 

numerical information to be used in the computerprograms UDEC and 

DIANA. The commission B50 of CUR, a Dutch institute stimulating 

structural research, is participating and coordinating these tests. 

l'dicro level: brick, mortar and masonry. Compression tensile and 

shear loading conditions 

Mezo level: 

Macro level: 

masonry under combined compression shear loading 

full scale waIl test. 

With the mentioned computerprograms and the information from the 

micro-level experiments with respect to different properties some mezo

and macro-level elements will be calculated and compared with 

experimental data of the same elements which wiIl be tested in the 

I:1boratory. (end of 1990 - early 1991). 

Thus the purpose of these tests is: getting numerical information for 

computercalculations in finite element models. 

So we are looking for Young's modulus and Poisson's ratio for mortar 

brick and masonry. 

Young's module 

+ 

Poisson's ratio 

Figure 6 

mortar 

brick 

masonry mortar 

+ brick 

cr 

.,,-----.,~ E 
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2.1 Testspecimen B50 

Compression and tensile tests are going to be carried out. Two types of 

mortar and three types of brick are used . 

Mortar: 2 9 and t 4t (extreme values) 

Bricks: VijfEijken and Joosten (soft mud and strengpers *) and sandsilicate. 

* strengpers is stiff mud process 

7 grinded bricks 

5 bricks with mortar compression -f mortar 

bricks 

mortar between bricks tensile ---f mortar 

Tensile tests carried out by TNO 

Figure 7 

2 .2 Measurements 

Both length and lateral deformations of brick and brick with mortar will 

be measured. Of course also the usual tests on bricks and mortar . 

deformation: 

- bricks 

brick with 2 jOints} 

- mortar: 

Figure 8 

length and lateral 

displacements of loadbearing plate 

length and lateral 

4 * 4 

4 * + 

20 LVDT's 

2 * 4 

displacements of loadbearing pia te 4 * 

____ I 

Z 

J 

• 
f 
~ 



32 

2 .3 Results 

The most important results of the compression-tests are shown in the 

Figures 9, 10, where the average of 4 measurements concerning three 

s pecimen is drawn. The deformation is given in mm per m . 

The forces (horizontal) are given in kilo-Newton . 

Figure 9 concerns the specimen made of bricks fabricated by "the Vijf 

Eijken" and shows the deformation of: 

- the specimen itself; 

- the deforma tion of the brick and 

- the deformation of the mortar-joint. 

It is remarkable to see that the bricks tend to become thicker. 

In Figure 10 the same properties are plotted for the bricks fabricated b y 

"J oos ten" . 

ror both types of bricks the deformation of the brick is very much 

s maller than the deformation of the mortar-joint s . 

In Figure II the deformation of the joints is drawn . Th e basic material of 

the se joints was the same, but there has been measured a large difference 

in the deformation properties. 

, 
Vijf Eiken 1 h4h 

C;cmidficldrm ""10 3 proefstukhen 
1 0 ~------------------------~--------~---------'---' 

J<rachl In 1-<" 
o ~ r.rr l ¢ 3tem ~ voce; -.teen 

Figure 9 
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2.4 Ques tions and remarks 

I) Soft bricks tend to become thicker; 

There are at least two reasons: 

- shrinkage of mortar 

- mortar at the edge is different (softer) and gives room for deformation. 

2) The mortar used in masonry with hard bricks is 5 times stiffer In 

comparison with soft-brick masonry. 

There is a relation between Young's modulus, Poisson's ratio and the 

increase for E when certain deformations are prevented, but then one 

comes to a factor 2 maximum. 

Mortar strength. 

The strength of these specimen can be compared with those gained with 

TG8 tests. 

3) The results In lateral direction are not yet studied, so Poisson's ratio 

is not known. Earlier experiences show that this ratio is about 0.10. 

4) Not all tests are carried out yet, so let us wait until December before 

we take definite conclusions . 

I) Soft bricks tend to become thicker 

2) Mortar E-Joosten 5 * E-VijfEiken 

3) Poisson's ratio 0.10 

4) More questions? ..... wait until all tests are ready. 

Figure 12 
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BAMBOO IN CONSTRUCTION 

CURRENT RESEARCH AT THE TECHNISCHE UNIVERSITElT EINDHOVEN 

by Oscar Arce M. Sc. 

Introduction 

Bamboo is one of the oldest construction materials and has served as a 

very important support for populations that have literally grown around 

this wonder of nature. It has served mankind in hundreds of ways, from 

the stabilization of soils to bridge construction, from the fabrication of 

musical instruments to food production, from the production of toys and 

decorative arts to paper making. 

Known as the giant grass, it is indeed a Graminnea. It is best found In 

the tropics and subtropics, but also in template areas of the United 

States, China, Japan and Chile. The only continent with no indigenous 

bamboo is Europe. It comprises 60 genera and about 700 species, highly 

concentra ted in the South East part of Asia, which is considered to be 

the origin of this plant. Most of the species are long round stems or 

culms, but as a matter of fact sizes and shapes range very widely, from 

the size of a pencil to 30 or more metres high, from round to square 

shaped sections. Bamboo is protected by a hard external layer very rich in 

silica. Some are so tough that they strike sparks when hit by an axle. 

But perhaps the major and most attractive feature of this plant is its fast 

growing rate, some reaching total length in only a few weeks. Some grow 

as much as thirty metres in one year, with diameters as large as twenty 

five centimetres. 

The culm is usually composed of nodes and internodes which length varies 

along the plant. It is believed that nodes give extra strength to the plant 

since probably they can work as transversal diaphragms. The walls of the 

culm are composed of parenchyma cells (50%), fibres (40%), and vessels 

and floem (JO%). 
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An important difference in relation with wood is that not radial cell 

elements exist in the internodes, and longitudinal fibres run parallel to 

each other without interwoven or neither forming any type of grid. These 

very strong fibres and the gluing lignin between them are completely 

responsible for the total strength of the culm. 

The amount of fibres increase towards the outside wall of the culm and 

they have been found to be long and tapered, usually longer than those of 

hard woods. 

Cellulose and Hemicellulose account for about 50% of the chemical 

composition of bamboo, even though some times it can be as high as 75%. 

Lignin accounts for about 20%, and pentosan and silica are 25% and about 

2% respectively. 

Economic Importance of Bamboo 

Bamboo is a familiar product for hundreds of millions of people all over 

the world. Its importance can be so significant that some Chinese people 

claim that it may be possible to found and develop a society only on rice 

and bamboo, and provide them with food, shelter, clothes, goods necessary 

for cultural enhancement , entertainment and so on . 

The worlds annual production is estimated in 10 000 000 tons, though 

systematic plantation has only recently started in just a few countries. 

With very little new inputs or changes it has already a great economic 

significance for millions of people . In Japan there are more than fifteen 

hundred different uses and applications with some interconnected activities 

ranging from cultivation to industrial processing and trading, and it is 

estimated that about $ 4.5 billions in revenue is directly generated in Asia 

a lone (Liese, J 988). 

Of special significance is the potential of bamboo for the establishment of 

medium and small sized enterprizes. In China more than 3 hundred small 

factories produce in the order of ten thousand tons of bamboo plywood 

given job opportunities and adding important value to the material 

(Zoolagud, 1988), being a good example of the many activities that is 

possible to set at work around bamboo . 
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More than 300 000 people are reported to be working in the production of 

mats and baskets (Muraleedharan, 1988) . As another example, in India, 

more than half a million people are employed in small factories in India 

in the production of matches made of waste material from the utilization 

of bamboo for other purposes (Tewari, 1988). 

More than 50% of the total bamboo harvested in India is used in paper 

production, and this figure is expected to rise due to problems associa ted 

with deforestation of the Indian forests . But bamboo utilization does not 

come only from negative aspects related to other materials, but from its 

own potentials, and it is well known that fibre length and content are 

very desirable for pulp production, so it is logical to think that plantation 

management will consolidate in the next few years and therefore 

production will increase. Studies everywhere, but specifically in Thailand 

showed that bamboo plantation can be profitable as a permanent economic 

activity (Thammincha, 1985), and the amount of research in this field 

indicates that it will be more and more attractive in the future as 

problems related to its cultivation are better understood. 

But perhaps most important change in recent years is the growing regard 

of bamboo as an engineering material. Regarded for years as the "poor 

man's timber", more and more attention is being paid to its possibilities. 

The growing need for shelter in the developing countries has put a lot of 

pressure on governments which are desparately searching for new options, 

either new materials or new applications of traditional ones. Money has 

been already allocated for bamboo housing on a nationwide scale in 

countries like Costa Rica, Colombia, and soon some others will join this 

tendency . Bamboo is available in the tropical forests, it can be dealt with 

wisely so that it permamently supplies with the material needed for 

construction purposes, with the large amount of positive economic 

developments commonly associated with the construction sector. 

Ecologic aspects 

Because of its fast growing and its extensive rizhome development bamboo 

may be used to protect devastated areas, as has been observed in certain 

regions of Vietnam, where it adapts very well to areas burned with 

napalm during the war. 
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This shows its potentials in the renovation of construction sites along 

roads or hydro electric projects in countries where climatic conditions are 

suitable. But it has to be bore in mind that the wide variety of species 

delivers a large. rang~ of choices even for the more adverse conditions. 

It may serve well as soil stabilizer in two ways. On the ground level, 

because of its extensive rizhome development, it keeps the mass of soil 

together and protects it from the action of direct rain washing . But it 

also works very well as wind shields, keeping soil grains from being swept 

away. It is well known that this secondary effect of deforestationis one of 

the major sources of desertification processes all over the world, with the 

loss of millions of tons of rich soils every year. Bamboo can be excellent 

both as a protector and. as a source of income for people in semiarid and 

tropical countries. 

Since it grows very fast and a permanent short cycle of production can 

be established, bamboo economic activities do not demand large extensions 

of cui tiva tion lands as in the case of certain profitable species of wood, 

so enabling communities to gain their way of living avoiding the need for 

further deforestation, and better knowledge will lead to better management 

of plantations and their ecologic impact. 

Even though, the author is not aware of any study about the ecologic 

impact of bamboo plantations in the humid tropics, where the dangers 

associated with monocultivation is now well understood. The possible 

contribution, either positive or negative, of bamboo plantations to the 

protection of biodiversity is yet to be studied. 

Construction applications 

Duff (1941) reports about the extraordinary Min River Bridge In West 

China, with a deck of 3 metres wide and seven spans of 30 metres long 

each. It is supported by cables also made of bamboo strips put together. 

Some of this cables are 20 centimetres in diameter. The same author 

reports about suspension bridges in Java and Formosa, not made of cables 

but of poles lashed together. Cantilever arch bridges of considerable spans 

have been built by the Indians of the South American Andes . 
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Centuries ago, drilling towers were built in China made almost entirely 

out of bamboo. Once drilled, wells used to be cased by bamboo pipes, and 

the same material was employed to transport water to the villages and 

for irrigation purposes. 

Examples of construction applications are amazingly abundant. Earth 

retaining structures were built by the Chinese to control the course of 

rivers and for the construction of urban centres. 

It has found a lot of applications in building construction. It is used for 

the prefabrication of panels and veneer, floors, ceilings, decorative fittings, 

and as main elements of the structure. Bamboo scaffolding has been an 

impressive technique, being still competitive with more sophisticated steal 

options in the market, even for buildings as high as even sixty stories. 

Traditional Construction Practices 

Bamboo construction has been mainly an artisanal activity which techniques 

has been transferred from generation to generation. Special tools have 

been developed to perform different tasks and to allow artisans to make 

splendid details. 

Bamboo nails and bolts, lashes and strips of the material have been used 

in the past to joint elements during construction, as can be observed in 

figure # I. 

Figure 1: 

Traditional joints 
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It can be said that the design of a joint by an artisan was a geometric 

oriented task in the sense that most of the designs were a response to 

geometric constraints coming from the shape of the culms. Therefore joint 

details differ from each other mainly to enable the connection of elements 

running in different directions, but the mechanical principles that can be 

associated with them are very much related with friction in most of the 

cases, and with pin type elements in some others. 

Only recently some sort of plates and the like have been introduced with 

the aim of reducing the amount of rotation between elements, and to 

improve the bending and shear capacity of the joints. In any case it has 

been very difficult both for artisans and professionals to design a joint to 

match the mechanical capacities of the culms in a space of feasible 

solutions accordingly to econom ic and practical constraints related to the 

situa tion of potential users in the developing countries. 

Hidalgo (1981) made some new contributions to the development of joints 

for bamboo constructions, see figuire # 2. Under his supervision and that 

of some of his followers some important housing projects have been 

developed in Colombia and Ecuador, so that some of his proposals have 

been already tested in actual construction, with very positive results. 
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Figure 2: Some joint s from Hida Igo, ref. 2 
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From the point of view of structural engineering many doubts have been 

put forward along the years about the performance of some of the 

traditional joints, or those based in the same principles. Duff (opus cit), 

referring to this problem, said that "The strength of joints lashed in this 

manner, as revealed in an actual test by the Public Work Department, is 

not so great as popularly supposed ... " 

Mechanical Properties of Bamboo: 

Since the turn of this century many researchers have focussed their 

attention to the mechanical properties of bamboo, and results are reported 

in many articles. Even though the total amount of reports can be shelved 

relaxedly in the corner of a small room, whereas the amount of research 

carried out on some other construction materials in the same period of 

time builds up entire libraries. For this reason it has to be accepted that 

the engineering knowledge of the material is very little in both relative 

and absolute terms. 

A review of the existent literature on the matter shows that so far very 

little attention has been paid to the material itself. Researchers have 

tried to understand the structural performance of bamboo culms as final 

products, in a sort of factic approach. Results obtained in this way are 

difficult to generalize in spite of their statistic accuracy. Even though 

they are very useful to unders tand relations between physical and 

mechanical properties of the canes, and this may be used in the future to 

simplify processes for classification of the product. 

In this way relations between physical and mechanical properties of the 

culms have been established, as shown in the following table. Relations 

with humidity content have also been studied, and some correcting rules 

for a standard humidity have been proposed. 

Results shown in the following table have been validated for a large 

amount of species, firstly by Janssen (1981) and more recently by the 

author. 

Correlation for each of the properties is different but always good and 

predictability seems to be at hand, by simply measuring density and 

humidity. 
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MECHANICAL PROPERTIES 

Property % Density 
kg/m 3 

Average 
N/mm2 

B.Blumea 

Rupture modulus 0.14 85 

Compression 0 .09 62 

Shear 0 .02 10 

Tension 0.40 270 

In the past, attempts have also been made to correlate these mechanical 

quantities with the position along the culm from where the specimen is 

taken, and even though it has been found that indeed there is some 

correlation in some cases better than in others, knowing that density 

accounts somehow for the concentration of fibres, and that therefore 

density changes along the culm, it seems no longer necessary to 

statistically establish other type of relations that then seem rather 

redundant. Considerations of this type may eventually lead to 

simplifications in the amount of the laboratory quality control side of the 

problem. This fact is specially important taking into account that some of 

the tests are highly complicated and time consuming. 

The first goal of current research at the Technische Universiteit Eindhoven 

was to validate these relations in order to enable future use of these 

figures in the coming steps to be undertaken. Part of this job was to 

develop a reliable procedure for testing specimens in tension, problem 

specially difficult because of the weakness of the material In the 

transversal direction . This condition makes it very difficult to fit the 

specimen to the grips in the tensile machine, resulting frequently In 

failure by either extensive shear, or by lateral compression or contact in 

the area of the grips . Resu'.ts at TUE confirms that indeed bamboo fibres 

are very strong in tension, as can be shown in the table above, for the 

internode specimens . It was also found that specimens with a node can 

develop only in the order of 25% the tensile strength of the internode 

ones. 
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Our experiments show that bamboo fails very much like composite 

materials, with some sort of jumps along almost a perfectly proportional 

state of stresses, but contrary to common claim about the plastic energy 

absorbtion capacity of bamboo, it always fails in a brittle way, as can be 

seen in figure # 3. Our experiments were done for one directional loading 

conditions, so they do not give information about the elasticity of the 

material. 

J: parlW ~ft tI mn. " 
flIoe AlDImm( 

f4'oI.rt rJ fr1ttJe Al1ure 

FigLfe 3: Tension stress strain diagram 

The second goal of the research was to study the structural characteristics 

of bamboo columns. Bamboo culms are tapered, initially deformed, and the 

modulus of Young changes along the element. No test was available, so 

one was designed to measure lateral deformations, internal stresses, axial 

deformations and loads. Because of the complexity of the test, a second 

design was devised to measure maximum stresses by an indirect and much 

more simple procedure. Both sets of results were employed to make 

Soutwell plots of deformations and of strains, and from them to calculate 

the buckling load of the ideal strut (that is, one with no initial 

deformations and no eccentricities). 
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From energie principles, a model of a perfect pin ended tapered column 

with varying modulus of Young was developed, and the final equation was 

applied to the specimens tested in the laboratory. Taking into account the 

amount of variability involved a fairly good agreement was reached 

between the theoretical and the experimental results. Contribution of 

bending stresses to the failure of bamboo columns was also studied, to 

better understand the relation between the theoretical buckling load and 

actual loads leading to failure because of the combination of bending and 

axial stresses. The study of these relationships will continue in the future 

with the aim of producing some design rules concerning the design of long 

columns .. 

Short columns als also under scrutiny. It has been observed that they 

usually fail under loads smaller than the reported compression capacity of 

bamboo, probably due to problems associated with local buckling, or 

bending due to initial imperfections of the walls of the culm, or a 

combination of these two factors. Another problem leading to the collapse 

of bamboo short elements may be the increment in shear 

radial-longitudinal stresses, because of the barrel type deformation of this 

sort of elements. A first approach model has been developed and the 

process will continue in the next following weeks, with some experimental 

work. 

A third goal will be to analyze some options for bamboo joints . In order 

to make an objective choice, a decision making tool was designed and will 

be used to critically examine some joints. The tool is also a set of 

specifications for the design of joints, or a new concept to be used for 

the development of joints. 

For those options on our choice a rna thema tical model will be submi tted, 

its accuracy corrected by experimental probation, so as to enable the 

production of design rules. 

The results of the phase on joints will be used to fulfil our fourth and 

perhaps more import:lnt goal: The s[uciy of the structural performance of 

bamboo frames and trusses. Current analysis tools will be validated and 

corrections made to better understand this material under the action of 

static loads. 
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A final report will be presented as a Ph .D. dissertation, but the project is 

also aimed to the production of a special report for field practitioners. 
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"SANDWICH BEAMS COMPOSED OF REINFORCED CONCRETE 

FACES AND A FOAMED CONCRETE CORE" 

by Eric Vianen, graduate student 

In troduc t ion 

The wish to create higher buildings under the given solution of the 

foundation is restricted by the weight of the construction. This 

phenomenon is the more important in case of concrete structures. 

Therefore a study is performed by Theo Salet, a former Ph-D student, in 

order to get insight in the possibilities of lightweight concrete elements. 

In view of this structural behaviour of sandwich beams, composed of 

reinforced concrete faces and a foamed concrete core is investigated. The 

deflections and the load-bearing capacity of simply supported sandwich 

beams were studied, with respect to both short term loading and sustained 

loading. The structural behaviour is described by means of a numerical 

model. The model is verified experimentally. 

Definition of a sandwich element 

A sandwich beam is a particular 

type of laminated structure. The 

cross-section consists of two strong 

and s tiff sheets (faces) connected 

by a rela tively weak core of low 

density. At the expense of higher 

manufacture costs, this arrangement 

combines a high stiffness to weight 

ratio with good thermal insulation. 

In the structural sense, the bending 

moment is mainly carried by the 

faces and the shear force by the 

relative weak core. 

1. reinforced conCrele 
lower face 

2. concrete upper fJce 
3. foamed concrete core 
4. main reinforcement 
5. shear ,~onneClor 

(opt ional) 

ig. 1 Reinforced concrete sandwich beams with a f08mc'c/ 
concrete core 

In view of the latter, the shear deformation must emphatically be taken 

into account. Therefore the law of Bernouilli is nog longer valid. The 

shear deformation influences both the deflection and the stress deformation. 
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Definition of foamed concrete 

Foamed concrete is a cement based insulation material. It consists of 

cement, water, fine sand and a foaming agent. Foamed concrete hardens, 

contrary to aerated concrete, under normal conditions. The density of the 

foamed concrete varies, dependent on the amount of foam used, between 

1500 and 400 kg/ m 3. In this study a density of 600 kg/m 3 is considered . 

This 'concrete' floates on water! 

Aim of the study 

The aim of this study is to get insight in its structural behaviour. This 

particular sandwichelement is related to a normal concrete element. So 

there was the question which theory should be used. The sandwich theory 

of the normal bending theory for concrete elements? Because of the weak 

core you should expect that there was no doubt about using the 

sandwichtheory . Therefore a discussion for the research was created. 

[ NUMERICAL I 
MODEL 

PHYSICAL 
REALITY 

r
- - - S- A- N- D- W- IC- H", 

_ MODEL. 

NON· LINEARITY 
slress-s l18in rel8tionshlps 

creep and shrink8ge 

[EX PERIMENT AL 
[_VERIFICATION 

IrA. PARAMETER I L_ STUDY 

Fig. 2 Res earch Stragety of the study. 

The research strategy 

consists of a numerical 

model, verificated by 

means of experiments. 

The numerical model 

consists of a sandwich 

model, taken into account 

the shear deforma tion, 

supported by a non-linear 

model. The non-linear 

model contains both the 

nonlinear stress-strain 

rela tionships (includ ing 

cracks and tension 

stiffening) and the time

dependent phenomena 

creep and shrinkage. 
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Fig. 3 Influence s of the Stiffness ratio for the 

deflection. 

With the developed numeri

cal model 'SANDI' *), 

calcula tions of the 

influences of the stiffness 

ratio of the core related 

to the deflection of the 

sandwich beam are 

prepared. The first 

diagram in figure 3 shows 

a combination of the 

bending theory of 

Bernouilli and the 

sandwich theory of 

Stamm . For a stiffness 

ratio of 0, I the re sults 

of these two theories are 

equal. The model 

calculated the deflection 

by a combination of both 

the theories is shown In 

the same diagram. 

Therefore it is possible to see that for foamed concrete cores the model 

gives a slight higher deflection (up to 15%) than expected by the bending 

theory. So for short-term loadings the bending theory will be close to the 

real deflections for this particular sandwich beam . The lower diagram of 

figure 3 gives the deflection of a sandwich beam under sustained loading 

in relation to the stiffness ratio of the core . For a stiffness ratio of 1 

the results are equal as calculated by the bending theory of Bernouilli. 

This diagram shows that the model calculated twice the deflection of a 

sandwich beam with a foamed core than expected by the bending theory. 

Therefore it is obviously that the bending theory under the law of 

Bernouilli is no longer the theory of sandwich beams with a core of a low 

stiffness ratio. 

The diagrams in figure 3 shows the expectation of the struc tural behaviour 

based on numerical calculations . This is verified by experiments. 

*) SANdwich DIsplacements is available on the department of Structural 

Design of the Eindho ven University of Technology. 



Z 

':l 
'0 

" ~ 

50 

2 -

oL-~--~--~----------~ 

'0 I. I. 
I. 
'0 

o 10 20 2& 30 315 

Or.fLI:CTI(lN AT Mlosr"l-l I"""'" 

Lo.d·d~'lHl lon "h.i",..,";", up 10 hlhHI or Ito. Iprcl'"t ... , 1, 2 

.rId J (u,i" 1-4R) Ind Iht ,nlllt or • .". c.lc.hllo .... 

~·--c • 
.lp"I"''''''I' ... ... , -- -w: p-

c---

"-;# IV 
f--

',f " .-. 

10"·~";'i'- j~ ~ ~ ~'(H Hl =-·l --+- ! 
o 

o 10 115 20 215 JO JIS 

DF.FLfTTION AT MIT)S,,,N I"'''''' 

ig. 4 L08d-D8f18ction relationships. 

Concrete sandwich beams 

were constructed and 

tested, both short term 

and long term. Material 

properties were examined 

by tension-, compression 

and torsiontests, for both 

short term and long term 

behaviour. Resul ts of the 

tests on the sandwich 

beams are shown in the 

diagrams in figure 4. The 

upper diagram shows the 

results of sandwich beams 

without a shear connector 

between the faces . It 

results in a definit ending 

of the jack load. With 

shear connectors the 

sandwich beam has a slow 

finishing end of the jack 

load. 

In the diagrams the calculations of the numerical model SANDI are 

despicted by the dashed line. Obviously, these calculations are in a good 

relation with the experimental results. 

Conclusions 

With the developed model SANDI the deflections of any sandwich beams, 

composed of materials who can be described by (non)-linear stress-strain 

relationships, can be calculated. The model calculates stresses, stiffness, 

deflection and cracks of the sandwich beams. The results of different 

sandwich beams can be shown in the same diagram. 
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SOME ASPECTS OF STRUCTURAL TIMUER RESEARCH 

by Frank Schot 

Introduction 

Quite a few years now we did a lot of research on (elements of) tilllber 

structures. The following topics will be highlighted : 

- prestressed timber beams 

- metal plate connectors - joist hangers 

- nail pia tes 

Prestressed timber (GLULAM) beams 

We investigated prestres sed timber beams reinforced with: 

- st e el tendon 

- aramide fibres 

STRENGTH-SPECIFIC GRAVITY RATIO 

MATERIAL RATIO 

GLULAM WOOD 0,83 
/ ALUMINIUM 0,70 
J TIMBER 0,60 
J STEEL 0,56 

~ CONCRETE 0,28 

RATIO 

Wood is a natural material with a lot of good qualities for suitable 

bui Iding ma terial. 

These qualities are: 

The strength. In spite of the relative low specific gravity, wooel is 

stronger than other material s as you can see above. 

The specific gravity . The specific gravity of the wood is small 

compared with other materials. 

Wood is easy to process wi th simple tools. 

Wood can easily be joined together, there are many connection meth ods 

available . 



52 

Wood has a good thermal-isolation . 

Wood gives no damage to the environment. 

less polution during the fabrication. 

less use of energy during the wood-pro c essing . 

can be returned into nature without damage to the e nviro nment. 

A disadvantage however is the inhomogeneity of the material by which ~ 

bi g standard deviation of the strength exists. 

1\ good method to decrease the inhomogeneity is to glue small laminati o ns 

int o beams. The so-called glued laminated beams or glulam beams . 

GLULAM BEAMS 

HORIZONTAL LAMINATIONS VERTICAL LAMINA TrONS 

An evolution is the application of pre s tressed glulam beam s . 

At first the prestres s ed reinforcement was made by steel tendons and 

lat e r on by s yntheti c fibres for instance: aramide fibres. 
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Steel prestressed beams 

In 1982 we tested twelve beams of which four beams were used for 

comparison. Eight beams were prestressed. As you can see on the figure 

the beam was provided with a straight channel between the both ends of 

the beam. This channel was easily made by m:lking a channel of 16 by 19 

mm . in one of the laminations before the laminations were glued log e ther. 

1 
I 

-+-- 110 _ --+ 11,5'2. ~w..IM1.. 

Co M. Pfl£ ~5 10 rJ 

After the beams were glued and finished we put the tendon into lhe 

c h:lnnel and applied the tension in the way as usual in the concrete 

industry. 

Four of the eight beams were injected with a mortar of cement in (Ile 

channel so that there was an affixion between the steel tendon and (Ile 

wood. 

The other four beams were prestressed beams with unbonded tend ons. 

The magnitude of the tension force was one hundred kN, the stresses 

measured at the top of the beam were 4.59 N/ mm2 (tension) and at (Ile 

bottom - 11.52 N/mm2 (compression). 

On the spot where the prestress-force was fixed at the beam we pUl a 

steel plate 110 x 120 x 20 mm between the wedge-anchor and the he ad 

of the beam. 

In addition it was necerssary to enlarge the cross-section of the beams to 

avoid too high stresses in the wood. 
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Tesl set-up 

The heams were tested upside down like a four-point-bending lest. The 

load s on the beams were supplied by a jack of 100 kN. The span of the 

beams was 4.4 m . 

The ueflection of the beam was measured in the middle of the beam and 

at those points of the beam where the loading-force acts. 
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TEST SET-UP 

The strain In the centre cross / section was measured by 18 strain-gauges 

with a length of 20 mm. 

The figure on the next page shows the spread of the strain-gauge s over 

the cross-section. 

Testresults 

On the next page you can see the relation between the force and the 

dL'l"lection in the middle of the beam . 

lM.IM. 

You can also see that the comparison beams were le ss strong than th e 

pre s tressed beams and that the bonded prestre sse d beams are able to bear 

lhe biggest load . 
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13eam Max. Failure Max . Load S ta ncla rcl 
No . deflec- load stresses after deviation 

tion failure 

mm kN N/ mm2 kN % 

KJ 42,8 60,24 + 36,33 - 36,33 J 9,3 ) 
K2 52,6 63,84 + 39,67 - 39,67 10,8 ) 21,5 
K3 62,5 85,00 + 51,26 - 51,26 38 ,3 ) 
K4 44,0 51,80 + 31,12 - 31,12 28, I ) 

VI 62,2 79,00 + 34,16 - 42,02 64,5 ) 
V2 60,6 79,30 + 34,56 - 42,24 70,2 ) 6,4 
V3 66,3 90,26 + 40,83 - 48,75 61,3 ) 
\,4 66,0 85,98 + 38,49 - 46,23 41,0 ) 

V5 74 ,6 94,36 + 38,13 - 49,72 68,9 ) 
V6 64,2 82,89 + 32,42 - 43,43 75,7 ) 6,3 
V7 59,5 87,96 + 35,92 - 46,64 83,5 ) 
V8 82, I 95,74 + 38,85 - 50,71 74,8 ) 

Here you have a good image of the ultimate load of the different benm s 

in relation to the deflections. 

The stresses were calculated with the formula a = ~ . 
It is remukable that the tension-stresses in every beam were nearly th e 

s :lme. This corresponds with the observation that the fracture is c:lu s ed :It 

the tensionside of the beams. 

The decrease of the load of the comparison beams, after they failed , is 

much bigger than the decrease of the load of the prestre ss ed beams. Thi s 

effect can be explained by the failure-pattern. The comparison beam shows 

much more and much larger cracks than the prestressed beams. 

Also of importance is the decrease of the standard deviation by the 

prestressed beam s . Other investigators ha ve discovered the same 

phenomenon . 
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The next figure shows the course of the stresses In the centre 

cross-section of three kinds of beams when load was applied. 
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Conclusions 

- It is relatively simple to apply the prestress-force in glulam benms. 

- The expected plastic behaviour of the wood at the compression s ide did 

not occur. 

More research is desirable because plastic behaviour will increase the 

failure-load . 

The application of prestressed wood raises the failure-load with 28 -

37%. 

- Bonded prestressed beams have a higher failure-load thnn the unhonded 

prestressed beams . 

- The standard deviation decreases with the application of prestressed 

beams. 
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ARAMIDE PRESTRESSED BEAMS 

Fibres Specific Modulus of Tension Strain at Maximum 
gravity elasticity stress failure tempera tur e 

kg/m 3 kN/ mm2 N/mm2 0/00 C 

Asbes tos 2.55 * 10 3 160 3000-4000 20 - 30 300 1400 -

E-glass 2.55 * 10 3 70 - 80 2500 30 - 50 > 800 

Nylon I. 1 5 * 10 3 4 - 5 500-1000 100 - 150 

Carbon HS 1.9 * 10 3 230 2600 10 > 1000 

Aramide 1.4 * 10 3 130 2800 25 200 - 400 

St e e 1 7 .8 * 10 3 200 1100-3000 15 - 30 300 - 500 

PROPERTIES OF SYNTHETIC FIBRES 

In 1985 we had a project to investigate the possibilitiy of prestre ss ed 

timber beams reinforced with synthetic fibres. 

The above figure shows the different properties of some synthetic fibre s. 

The aramide fibre is attractive because of: 

- the high value of the modulus of ela s ticity 

- the high strength 

- the good resistance to high temperature 

The appli c ation of the thin aramide fibre s seemed to be very s imple by 

bonding them between the laminations of a glulam beam. 

We did three kinds of tests: 

- te s t of the fibre, tension test 

- test of the affixture of the fibre to the wood with two kind s of glue': 

- recorcinal-formaldehyde glue and 

- epoxy glue 

- bending tests 



59 

Test set-up of the bending test 

The beams had a cross-section of 20 by 35 mm . The beams are tested 

like a four-point bending test, as you can see below. 

Sixteen beams were tested. 

4 beams were tes ted for comparison 

4 beams were only reinforced with aramide fibres 

4 beams were prestressed with aramide fibre 

4 beams were reinforced with a prepeg* 

*) Prepeg is a tape of aramide fibres bonded with epoxy-glue . 
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The table below shows us the results of the bending tests. 

Beam no . Failure Maximum Average Standard 
load stresses failure load deviation 
N N/ mm2 N % 

Kl 3100 - 60,73 + 60,73 
K2 3350 - 64,36 + 64,36 3513 15 
K3 4200 - 83,54 + 83,54 
K4 3250 - 64,04 + 64,04 

GI 3710 - 69,83 + 67,74 
G2 3650 - 68,21 + 66,18 3171 13 ,5 
G3 2700 - 51,07 + 49,54 
G4 3550 - 66,77 + 64,77 

VI 3350 - 60,49 + 54,58 
V2 3220 - 59,08 + 53,19 3093 2 ,4 
V3 3200 - 57,09 + 51,29 
V4 3300 - 58,94 + 53,09 

PI 4000 - 81,96 + 79,66 
P2 4150 - 85,87 + 83,43 3932 20,5 
P3 3700 - 78,34 + 76,09 
P4 2450 - 51,27 + 49,85 

TEST RESULTS 

The average failure load of the pres tressed beams is not higher than the 

comparison beam s. 

- The st:lOdard deviation of the prestressed beams is much smaller than 

the standard devia tion of the comparison beams. 

- The fact that the prestressed beams had a smaller average failure load 

was due to the dimensio n of the cross-section of the beams. Because of 

the great influence of a little defect in the wood we had to look after 

wood without nearly any defects . The consequences were a great bending 

strength of the beams and a great effect by the sp litting of the wood 

in two parts. 

Other investigators had observed the same influences of the quality o f 

the wood. 
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Cone Ius ions 

- [3oth the recorcinal-formaldehyde glue and epoxy-glue offered a good 

bonding between the wood and the aramide fibre. 

- At the compres s ion side of the beam plastic behaviour took place. 

- The standard-deviation of the failure load of the prestressed beam s 

decreased so that the characteristic value increased. 

- It is very labour-intensive to glue the (prestressed) aramide fibre 

between the wood. 

The use of the aramide-tape was much easier . 
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Met:!1 plate connector 

We investigated two kinds of metal plate connectors: 

- the joist hangers 

- the nailpla tes 

Jois! hangers are developed for easy and fast connections between t:!iljoist 

and headerjoist to make large openings in floor frames such as for 

stairwells. 

A'(Ji/plalcs are metal plates with holes to fit nails with a threaded shank. 

Nailplates can be used by the fabrication of trussed rafters. The plates 

are installed on both faces of each joint and all members of the trusses 

must be of equal thickness. 

Trusses rafters is the term used to identify lightweight trussed which are 

spaced like rafters. The common range for the trussed rafter is 6 :'I 12 01. 
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J ois t hange rs 

Test set-up 

The figure shows the test set-up and the load s . We tested 2 different 

jois t hangers of different manufacturers . 

We investigated the bearing-force, the deformation and the failure 

mechanism. 

--- ---.-- 3,q ~ - -- - - -.--,¥-~< .-!<---- 1,3 '" - -_.-+ 

r 

. TAILJOIST 

TEST SE.T-UP 

Conclusions 

Th e deformations of the joist hangers are caused by : 

The lateral margin of the joist in the joist hanger. 

- The distance between the tailjoist and the ends of the headerjoist. This 

is the influence of the relative torsion stiffness of the header joi s t. 

- The number and the position of the nails in connectiopn to the tailjoist 

and in connection to the headerjoist. 

The thickness of the metalplate of the joist hanger. 
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Nailplates 

Recently we started a researchproject for joints with nailplates. It is our 

intention to formulate a calculation method for such type of joint s . 

Because in our new codes it is prohibited to use names of the 

m:lllUf:lcturers, this calculation method must be independent of existing 

products. 

Test set-up 

A few years ago the Delft University of Technology did a series of tests 

on joints wi th nailpla tes of one manufacturer. They did three kinds of 

experiments: two experiments with a tension force inside the plate and 

one test with a shear force inside the plates, see figure below. 

The experiment with the shear force produced the lowest failure-Io:ld . 

That is the reason why we also did a lot of tests on joint s with differ e nt 

kinds of nailplates with a shear force load. 

We make a difference between two kinds of joints with a shear force 

load, model A and model B. The model A joint give s a reduction of the 

opening. 
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Conclusions 

- The failure load of model A a joint is much larger than model B. 

- The stiffness of model A is much larger than model B. 

- The plates of joint B show the effect of buckling. 

This research will be continued by our student mr. Erik Vianen, whereby 

we have the next items in mind: 

- To make a study of the behaviour of nails in wood by lateral load. 

- To investigate the behaviour of nails in thin metalplates by lateral load. 

- To investigate the behaviour of thin metal plates, elastically supported 

by nails, loaded by compression force. 

- Formulate a theoretical model. 

Verification of the theoretical model by tests In our laboratory. 

- Formula te a calculation model. 

As you can see, there IS still a lot of work to do. 
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Steel prestressed beams: 

Fig. I Failure of the beam 

Fig. 2 Fixation of the prestress-force 
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Aramide prestressed beams: 

Fig. 3 Tes t set-up and failure of the beam 

Fig. 4 De tail 
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Metal pia te connectors: 

Fig. 5 Joinst hanger; test set-up 

Fig. 6 Joist hanger; failure of the joint 



Fig. 7 Nailplate; test set-up 

Fig 8 Nailpla te; buckling 

of the plate 

c 
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THERMAL INSULATION AND MOISTURE PROBLEMS 

by ir. Henk Schell en, 

Department of Building and Architecture, 

Section Physical Aspects of the Built Environment (FAGO) 

Introduction 

When I was invited to visit Poland the president of our section FAGO 

handed me the report of the visit to the University of Wroclaw by my 

colleague from the Building Construction, loop van der Ploeg. I read his 

short section on moisture problems in Poland's buildings, e.g . after 

insulating monolithic constructions and thought about this suggestion to 

give a presentation on this subject at this seminar. 

I realized that my contribution to this seminar could not be anticipating 

on your moisture problems; they probably are very complex and I only can 

hope to hear about them during this visit. My contribution to this seminar 

therefore will be an introduction in the way we in Holland deal with some 

moisture problems, e.g. in social housing and tell you about some recent 

research on the subject In Wes tern countries. I will show you some 

(computer-)tools we use to predict and cure moisture problems and look at 

some standard building details for energy efficient and moisture safe 

building design. 

I wonder if there are some similarities with the situation In Poland and 

hope we have some problems in common which can be solved by 

exchanging knowledge and perhaps working together in future. 

Moisture problems ID Holland 

After the presentation of the Report of the Club of Rome 'The Limits to 

Growth' in 1972 in which was clearly stated that world natural energy 

resources would not last forever and that world energy comsumption kept 

on growing exponentially, a common sense of energy awareness grew with 

people in Western Europe. This sense only grew stronger after the oil 

crisis in the West at the time of the Middle East War in 1973. 

The National Government appealed to this common sense by (financially) 

promoting energy saving in (social) housing. 
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By then it was well known that energy losses in buildings were due to 

hea t transmission losses through the exterior building envelope and energy 

losses due to ventila tion. The results of this energy saving promotion were 

well (afterwards) insulated housing and a so called hunting for infiltration 

gaps. 

After a few years it became obvious that lack of ventilation in 

combination with local thermally bad design of building constructions, so 

called thermal bridges, gave rise to problems such as mould growth and 

allergens. By then a lot of publications on moisture problems appeared in 

western Europe. As part of an international energy programme to increase 

energy security through energy conservation, research, development and 

demonstration the International Energy Agency (lEA) started in 1985 a 

workshop and annex XIV on mould growth, surface condensation and energy . 

This workshop revealed a real lack of overall knowledge and unders tanding 

on the levels of data, modelling and measures. 

The annex XIV objectives were therefore formulated as: 

pro vid ing a rc hi t ec ts, building owne rs and prac t i tione rs as we 11 as· 

researchers with a better knowledge and understanding of the physical 

backgrounds of mould and surface condensation, including the critical 

conditions for mould growth and the relation with material properties; 

- to introduce better calculation models, taking into account air, heat and 

moisture transfer, in order to predict properly the phenomena of mould 

and surface condensation and to validate possible solutions; 

- to develop energy conserving and cost effective strategies and 

complementary design methods, techniques and data for avoiding mould 

and surface condensation in new buildings or preventing further 

degrada tion in problem buildings. 

There were 5 contributing countries: Belgium, the Federal Republic of 

Germany, Italy, the United Kingdom and our country. The contribution or 

our section to annex XIV consisted of a second order model for the 

prediction of indoor air humidity by my colleague, dr. Martin de Wit. 

The shared work of the contributing countries resulted in the draft of a 

source book, a catalogue of material properties and a guideJines- and 

practice booklet. 
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I would like to introduce you to some of the practical guidelines given by 

the workshop and how they can be used to judge new and exis ting building 

constructions on mould growth and surface condensation and use them as n 

design aid. 

To begin with, the conditions for surface condensation and mould growth 

ha ve to be described. 

Surface condensation 

As we know surface condensation starts each time the relative humidity 

(R.H.) at a surface reaches 100%, that is each time the vapour pressure 

(p) in the air at a surface reaches the saturation pressure on the surface 

(p~J 

Mould growth 

Mould germination on most surfaces already appears at relative humiditie s 

during longer or shorter time at the surface below 100%; annex XIV 

suggest as treshold value for most (porous) surfaces for new design a R.H. 

value at the surface of 80%, thus 

60~ ______ ~1~ _______ L-1 ______ ~ 
o 20 40 60 

Temperature °C 

Figure I: Ra tes of growth of mould, e.g. Penicillium 
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As we can see surface condensation and mould growth directly depends on 

- the indoor air pressure Pi 

- the saturation pressure at the surface P~i 

The indoor air pressure Pi 

We will assume an ideal mixing of the air in each zone of the building . 

In a single zone the mean inside air vapour pressure is directly related to 

- the mean outside vapour pressure Pe or vapour concentration Pe 

- the mean outside air ventilation rate n 

- the air volume of the zone V 

- the mean inside vapour production G m 

As long as no long lasting surface condensation is going on and there is 

no hygroscopic storage we can write the moisture balance for the room as 

vapour entering the zone + inside vapour production 

vapour leaving the zone 

Figure 2: Mois ture balance of a zone 
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If there is no temperature difference we can write for the vapour 

entering the zone 

and for the vapour leaving the zone 

The moisture balance therefore becomes 

If we correct for the air volume change due to the tempera lure 

difference between in- and outside temperature, we can write, using the 

law of Boyle-Gay Lussac: 

For small temperature differences (T In 

If we substitute the gas law: 

p p.R.T 

with gas gas constant 462 J/kg.K 

we can write for the difference in vapour pressure: 

462 . (e j+273) . G m 

n.V 

The saturation pressure at the surface 

The saturation pressure at the surface P~i directly depends on the surface 

tempera ture esi which is given by: 

where f is the temperature ratio of the surface defined by: 
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°Si - Oe 
T 

OJ Oe -

For flat, i .e. I-dimensional constructions, the temperature ratio can be 

easily calcula ted from: 

T 

For 2- and 3-dimensional configurations, i.e. thermal bridges, T has to be 

calculated using a computerprogramme to solve 2- or 3-dimensional heat 

transfer. The above given formulas and the mould and surface condensation 

conditions show us all parameters of importance to judge the risk for 

condensation and mould growth in new design or existing buildings . 

So we have to describe 

- the climatological conditions: the outside mean temperature and vapour 

pressure (or R .H. or vapour concentration or dewpoint). A high outside 

tempera ture lowers through an increase of the inside surface tempera ture 

the chance of problems. 

A higher outside vapour pressure increases through increase of the inside 

vapour pressure the chance of problems. 

The outside climate can be taken from the nearest weather station or 

can be measured. 

- The building use: 

* the inside air design temperature 

* the moisture production 

* the ventilation rate. 

Note that these parameters are not only user-dependent but also a 

function of the overall building quality. 

- The thermal quality of the envelope part by means of the U-value and 

the lowest temperature ratio of envelope parts as thermal bridges can 

be fixed as design values for new design or can be judged by 

measurement or calculation for existing design. The inside surface 

coefficient hi is a factor of great importance in calculating the 

temperature ratio 1". The lEA gives a method to calculate the 

coefficient for two cases: 

* formulas for the convective and radiative parts if there is detailed 

information about the zone available; 

* if there is only poor information available it gives values for 

different edge- and corner geometries. 
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New design 

For new design we can fix design values to the temperature ratio by 

- constructing climate charts with lines of equal temperature ra tion as a 

function of the outside climate for different inside temperatures, using 

On a national level upper limit values of expected (Pi-Pe) differences must 

be defined: 

- from a statistical analysis; 

calculated from the indoor air quality minimum for permanent ventilation 

and the high load vapour production; 

from defined inside climate classes, such as In Holland. (See Figure 3). 
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If we put those (Pi-Pe) values in the above given climate chart for the 

lower limit of the design inside temperature, a direct reading of the 

temperature ratio is possible! (See Figures 4a, 4b and 4c), 

.. 
~ 

• A. 

Climate chart with leo-temp. ratio 
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Figure 4a: Climate chart with iso- temperature ratio: (}i 
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Figure 4b: Climate chart with iso-temperature: (}j 
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Cllmat. chart wIth Jao-temp. r.tIo 
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Figure 4c : Climate chart with iso-temperature ratio: OJ 

For Holland a safe design value (see figures 4b and 4c) for the 

temperature ratio is fixed at 0.65 in the new law for building 

performance: 'het Bouwbesluit'. 

18 

For the design value a lot of examples of principle details for low-energy 

housing were developed for the most frequently used building systems in 

Holland . 

The overall insulating quality wa s imposed by fixing the thermal resistance 

of the exterior envelope at 2.5 m2K/ W. 

A correct ventilation level is implemented by mechanical ventilation, i .e . 

ventilation systems are based on air intake via wall grills and air 

extraction via mechanical extractors for peak ventilation in the kitchen , 

bathroom and toilet. Or the ventilation system is based on balanced 

ventija tion with intake and extraction provided by mechanical ways. In 

general this last type of system is provided with apparatus for recovering 

heat from the extracted air. The use of these systems is mostly 

user-independent. (see figure 5: ventilation systems). The architectural 

details are developed for three categories of building systems, as they 

appear most often In Holland: cast in situ structures, large concrete 

element structures and block walling structures. 
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Ventilatiesystemen voor woningen 
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Figure 5: Examples of some ventilation systems in Dutch housing 

From the inside climate charts we have seen that neither insulating the 

external envelope, nor excessive ventilation can prevent all mould problems 

if there is no heating . The best way to ensure this is providing a heating 

device in all rooms, including the bedrooms, e.g. central heating. 

The most important conclusion for this type of building is that 

energy-saving buildings do not, or rarely, imply higher cost. 

For a reference house of 330 m 3, situated between two identical houses, 

the consumption of natural gas is about 600 to 800 m 3/year; for a corner 

house this consumption is about 800 to 1000 m 3/ year. 

For each building detail the temperature ratio r is calculated using 

commercially available computerprogrammes for 2- or 3-dimensional heat 

transfer. 

Besides that a test on internal condensation is performed, using an 

extended Glaser performance check. 

Figures 6a, 6b and 6c on the next pages show you some examples. 
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Figure 6c : Principle detail for low energy housing; insulated foundation beam 

Solving existing mould and surface condensation problems 

The annex XIV suggests the following: 

To come to a good analysis of the problem we need 

- as much information on the building design (e .g. thermal bridges), 

heating and ventilation systems (to interprete inside climate 

measurement) and heating and ventilation habits . 

These can be taken from 

* architectural drawings 

* observations and 

* measurement of surface temperature to determine temperature ra tio s. 

- the in- and outside climate for a period of at least a month in the 

cold season. 

As all this information is gathered, analysis must concentrate on 

- the daily, weekly and monthly mean (Pj-Pe) and thetaj values. The weekly 

mean value can be drawn in a climate chart for comparison with the 

reference lines as given above for new design. 
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- the overall thermal quality and thermal bridges: U-values and 

temperature ratio's. 

- the daily, weekly and monthly mean R.H. at the mouldy surface. These 

are found by combining the measured or calculated temperature ratio's 

with climate measurements. 

The results of the analysis may be tha t 

- the R.H. at the mouldy surfaces obeys the mould condition or 

- that it does not. 

If the R.H. at the surface is too high, 

- the overall thermal quality is too low, due to thermally bad design . In 

this case it has to be cured by thermal retrofit, e.g . 

* outside insulation 

* inside insula tion or 

* cavity filling. 

The best choice is outside insulation, as it protects the wall against 

external thermal load, it optimally makes use of the thermal capacity 

and it cures thermal bridging. 

Cavity filling and internal insulating are least favourite, as they mostly 

don't cure thermal bridging and often give rise to problems such as 

internal condensation. 

Local thermal bridges often can be cured by partially insulating them , 

e.g. from the outside . 

The following are examples of afterwards insulated, in Holland frequently 

appearing thermal bridges . The calculated temperature ratios before, and 

after insulating are given in tabular format (See figure 7a, 7b and 7c 

on the pages 81, 82 and 83). 

- if the inside tempera ture is lower than the reference line, used to 

establish the temperature ratio performance, a heating system has to be 

installed, or a better heating system use has to be imposed. 

- if the (Pi-Pe) is higher than the reference line, used to establish the 

temperature ratio performance, it means that the moisture production is 

too high (a rich mould growth) or the ventilation rate is too low 

(absence of a ventilation system, stripped windows, etc .). 
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It has to be cured by 

* installing a ventilation system, 

* providing peak ventilation apparatus, e.g. kitchen hood, 

* removing unacceptable vapour sources (such as tighten a leaking crawl 

room etc.) or 

* installing air dryers. 

- If the R.H. at the mouldy surface does not obey the mould conditions, 

there may exist different reasons : 

* the moulds are a result of too moist previous periods, 

* the measuring period is not representative: more heating, less vapour 

production, more ventilation than usual. The mutual influences of 

enquiry-habits must be considered. 

* the inside climate is measured at the wrong spots, omitting local 

peaks etc. 

I hope to have shown you the way we In Holland try to solve some o f 

our moisture problems such as those to surface-condensation and as a 

result mould growth. I realize that our way of building is not yours and 

tha t a lot of other moisture problems exist. Perhaps we can solve some 

common problems by working together in future and take advantage of 

common research. 

I thank you for your a ttention and hope to mee t you afterwards this 

symposium. 
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afmetingen 
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Figure 7a: Calculated temperature ratios for an afterwards insulated balcony 
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afmetingen 
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Figure 7b: Calculated temperature ratios for an afterwards insulated lintel beam 
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afmetingen 
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Figure 7c: Calculated temperature ratios for an afterwards insulated flat roof 
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LABORA TOR Y ACTMTfES 

by Johan van den Oever 

Introduction 

In our laboratory we do experimental and fundamental research, destructive 

tests on materials such as wood, steel, (foamed) concrete, brick, bamboo, 

arapree (aramide fibres with a resin) . 

These are the basic materials, but composite structures are gaining ground 

upon them. 

The materials are tested on their pressure-, tensile-, bending-, buckling- or 

torsion beha v iour. 

There are 3 groups we do research for: 

* students, who finisch their study on a practical project; 

* promotion-research, promovendi who need to do experimental tests; 

* contract-research for the industry. 

Since the reorganization a few years ago the amount of experiments have 

been increased, and along with this tendency the laboratory has been 

totally rebuilt last year. 

We now ha ve a (new): 

- so called "wet corner", where specimen of brick or concrete are made, 

cut or polished. And some area for machines to manufacture wood and 

metal specimen; 

conditioned room where specimen are stored until they are tested. This 

room has a constant temperature of 20 degrees C. and 60 percent 

humidity; 

bamboo lab. where bamboo is stored with a humidity of 75 percent; 

- microscopic research room; 

electric room, storage of electronic parts and equipment, small 

repairments and all electronical preparations needed for electronic 

regis tra tion; 

- chemic lab.; 

3 oil reservoirs for running the hydraulic machines; 

we have for Europe a unique 3-dimensional hydraulic testing machine in 

which concrete cubes up to 20 em are tested . Forces are limited to a 

maximum of 2 MN. 
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The bigges t force we can produce is on a hydraulic machine and is 2.5 

MN a t the moment. 

For an electronic pressure/tensile machine this is 100 kN and will be 250 

kN in the near future. 

Also the number of personnel has increased from 3 to 7 men until today: 

Laboratory Manager: All management and teaching experimental mechanics; 

Electronic Engineer: mini SUN-computersystem support, service and updating 

software; 

Electronic Engineer: electronic equipment support, service, updating and 

development. Installing data-acquisition equipment for 

experiments and making reports. 

Electronic Engineer: hard- and software P.C. support, service, updates, 

automization developments, measurement data handling 

and making reports. 

Physical Engineer: optical measurements support and development 

Techn. Assistant I: preparing and developing specimen of wood 

constructing adaptors for measuring tools. 

prepare and assist seminars 

Techn. Assistant 2: preparing and developing specimen of metal 

constructing adaptors for measuring tools 

glueing of strain gauges 

Techn. Assistant 3: building of meccano system 

install hydraulic pressure systems, service 

prepare and assist seminars 

general administration 

Near future: secretary/administrator 

electronic technician for measurement assistance 
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Our department of Structural Design and Architecture is one of the 4 

departments of the Faculty of Architecture and Building Science. Our 

group has its own laboratory and is recently baptised with its own name: 

"Pieter van Musschenbroek laboratorium". 

At this very moment we have a staff of 7 men: 

the chief; general management and teacher in experimental mechanics. 

3 electronic engineers, 

one of them is system operator on the SUN mini. 

This computer you must place inbetween a P.C. and a mainframe 

regarding its performance. It can run huge programmes in order to 

calculate complex mathematical models with as purpose predicting a 

construction on its behaviour. The results often are a reason to verify 

them by an experiment. 

The other 2 electronic engineers are a new colleague and myself, both we 

are in charge of running the electronic data-acquisition systems and report 

the res ul ts. 

In handling the f10wstream of data, the Personal Computer has become of 

great importance and the ideas and wishes for improvements have 

increased. So in the near future we hope to realize this, I will come back 

on this subject later if there is still time left. 

3 constructors/mechanicians for the manufacturing and developing of fine 

mechanical parts of tools, which often are not standard products on the 

market. For ins tance the fixing of measuring tools and sensors to the 

specimen takes often a new approach, a new touch. Also these collegues 

build constructions on the meccano system to do the experiments lll, 

when the specimen does not fit in a standard pressure or tensile 

machine. 

am going to give you an impression now of some activities in our lab. 

will illustrate them with some pictures and sheets. 
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The sandbag pendulum test: 

This first slide is from a recently done experiment. It is a normalized, 

but nevertheless a very easy to realize test. It is called the sandbag 

pendulum test. For this test you use the energy of a falling sandbag 

hanging on a rope which strikes the subject with a known impuls. On this 

slide the subject is some plastic fence. ThiS is contractresearch and the 

only demand was to know if this safety-fence was able to hold this blow, 

simulating of course a human being. No measuring instruments were 

required. Now the bag s tr ikes the f ence. 

Picture I 

Whenever a specimen does not f i t into a standard compression or tensile 

machine we have this iron bea m system of several sizes and lengths with 

a lot of holes for bolts to be flex ible in building testing frames, for 

instance this extreme example: 
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Picture 2 

The biggest specimen until now was this slab, a composite structure, 7 m 

long and 3 m wide . Our strongest tackle can lift no more than 5 ton, so 

this is about the limit, if you want to avoid transporting problems . 

Picture 3 
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I borrowed one slide of Dr. lasienko to show you som~ of the most used 

sensors to measure strain, the strain gauge. 6 of them are positioned 10 

t he middle of the wooden beam. In the polyester- or foliolayer there is a 

wire in a special shape for sensitivity. The resistance of this wire is 

proportional to the elongation or shortening of the wood, amplitude of the 

electric signal to measure. 

Picture 4 

The hanging objects on the side of this specimen are s t rainmeters . In this 

particular case they are ment to measure the bending. I want to mention 

the relatively SImple construction of the instrument. Just two straingauges 

on bo t h sides of the s tee lblade in the middl e, twi c e as se nsitive as 1 

stra ingaug e , t e mperature compensat ed, easy to calibrate with a microm e ter 

and cheap t o manufacture . Deformation ran ge up to 20 mm, and a 

me asuring length of 200 mm are no problem . See picture 5, nex t page . 
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Picture 5 

A concrete beam under pressure. 

The yellow object is a load cell for measuring pressure. Underneath the 

yellow protecting cylinder the measuring system is hidden. It is 2 

electronic circuits of 4 strain gauges put into a so called bridge of 

Wheatstone for the insiders (see Appendix). We have load cells with a 

nominal range from I upto 2000 kN. 

Picture 6 
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When the sur fa ce is raw, you cannot glue st rain gauges, at that moment 

these transduce rs come a round . 

Picture 7 

They are called 

L.V.D.T. ' s and it stands 

for Linear Variable 

Differential Transformer. 

For the insiders: ins tead 

of 2 strain gauges (half 

bridge) you now have 2 

coils. So you need A.C. 

as excita tion voltage and 

a carrier-frequency 

amplifier to measure 

displacement. The metal 

core can slide wi thout 

f riction into the iron 

cylinder with the 2 coils. 

The impedance of the 

coils are coupled to the 

position of the core and 

consequently is the 

ampli tude of the electric 

signal. The resolution of 

this syst e m is nearly 

inf ini t e and therefore 

only dependant on the 

qua lit y of the electronic 

measu r ing system . 

In the next picture you see the testing of a small wall. The deform a tion 

is m e as ured on 4 corners by digital displacement instrum ent s. These cloc ks 

neve r have to be calibrated and you can directly read t he displacement on 

the dis p la y in [mm]. They can have a re solution of I [micrometer] and 

we possess clocks wi th ra nges up t o 50 [m m ] . The system is quite 

ins ens itive f or temperature and humidity swings, so ideal f or long-term 

testing, but r ather heavy t o f ix t o a specimen. The system i.s based on 

the counting of carve s on a glass pla te . 
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The carves are brought on the glass plate with techniques like they use in 
the electronic industries to manufacture lntegrated Circuits . Very accurate 
but ra ther expensive. 

Picture 8 

On the next experiment I am installing simple rotating poteniiometers, to 
measure large displacements (lOO-300 mm). When the force is increased b~' 
the manual oil-pressure-pump on the right side, the from t of the specimen 
will come down consequently the specimen is going to buckle sideways, so 
bending to us or from us . A very flexibel thin steel cable, which is 
strainfree, is turning the wheel of the rotating potentiometer to measure 
this buckling. 

Picture 9 
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Picture 10 

Picture 11 

In close-up you can see 

these ropes and the 

weights. Also another 

kind of potentiometers, 

lino-potentiometers are 

installed. Friction is 

neglected. Every 

potentiometer has been 

calibrated and the 

reproduce-ability is 

within 2 percent. 

Strainmeters of 10 and 

20 mm range on the 

side. Lino-potentiometers 

measuring deflection. The 

middle ones have a 

range of 300 mm. 

The balcony slab before 

the failure .. . 
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The balcony slab after the failure . Not all the sensors are shockproof as 

you see. 

Picture 12 

A special kind of strainmeters is the extensometer, used on bars. This is 

a tensile test on an arapree bar, the upper meter is an extensometer 

measuring deformation in the loading direction, and the other one is 

measuring lateral contraction and is half the system of the one above. 

Both systems are based on a full bridge, so 4 strain gauges inside. 

Picture 13 
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Our most powerf ul hyd r aulic, e lect r ically controlled, compression machine 

has a maxi m um force of 2.5 MN. In the upper plate there is a ball-joint 

to bring on the load as centri c a s possible. On the right: the control 

panel , on top a sophis ti c a t ed wavegenerator. (0.3 microvolts / sec.) 

99% of the tesis a r e disp lac ement controlled so nothing can happen a t the 

moment of failure. The machine is continueing its way with the speed it 

was set-up wit h . Wi t h this wa y of cont rolling you can get beyond the 

maximum force , so you will fi nd a ne a t max. (top) in the 

force-displacemen t diagram . This way of controlling also means more 

safety for the environm en t. 

On the left you wi ll see a c arriage with meas uring eqUIpment, what brings 

me on the las t it e m. 

Picture 14 
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Data-acquisition developments 

Up until today we only did "quasi static" testing, it means very low 

constant speed in machine-displacement (mostly below.±. lmm/min). 

In the future we want to be able to do dynamic - and some type .of 

tensile tests with variable speeds, following any kind of waveform in a 

range up to several hundreds of Hertz. 

Most of the compression and tensile machines can handle this, but not our 

measuring equipment. The function generators we have can do standard 

geometric waveforms, but not a randomized one, what can be a realistic 

situation. The solution lies in programming the computer for this problem. 

The biggest bottle-neck for dynamic testing is the datalogger, it is very 

accurate (18 bits) but slow, 10 channels per second. And it is not possible 

to connect every type of sensor directly to it. We need extra interfaces 

like these carrier-amplifiers on the slide to connect them. We have not 

that many, so we are sometimes limited. 

In our new system we want to integrate every kind of interface and scan 

all the channels on the same moment (so parallel and not serial like it is 

now). The market offers a lot of dataloggers, but nothing suitable. Another 

big problem was the software. We want to be flexible, to change or add 

programmed routines in our most common language PASCAL on the P.C. 

The dealers will not sell us the source of the measuring program. So 

whenever we want to change anything we have to pay them a lot for 

changes. On the physical department of our University we found a system 

that meets our demands the best and so we bought it. At this very 

moment an electronics student is finishing his study on developing and 

manufacturing the special interfaces. In the beginning of next year we 

hope to introduce a new system in our lab. together with a complete 

measuring program tuned on our wishes. 
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Appendix 

MEASURING SYSTEM 

SENSOR 

SENSOR 

I SENSOR 

ALL ANALOGUE SENSORS 

PERSONAL COMPUTER 

ALL ANALOGUE SENSORS 

DIGITAL METER & 
D.C. SIGNALS 

XY - RECORDER 

LABMASTER PERSONAL COMPUTER I 

1 strain gauge , quarter bridge 
2 strain gauges, half bridge 
4 strain gauges, full bridge 

L.V.D.T. = Linear Variable Differential Transformer, half bridge 
Digital displacement meter 

A 

B TO AMPLIFIER c 

o 

WHEATSTONE BRIDGE 
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COMPUTATION OF GUYED FRAMEWORKS 

by Jan van Wier, graduate student 

Introduction 

In the Netherlands guyed frameworks (See Figure I) are nowadays quite 

popular as structure for factory building, hangars, sports-buildings etcetera. 

For my graduation as engineer I am studying the computation of guyed 

frameworks. 

Frameworks 

Before I tell you the goal of this research project I want to make some 

simple definitions on this subject. A framework, in general, is a structure 

that is basically formed by orthogonal elements such as beams and 

columns. Sometines some skew members are also used. Members are put to 

each other in joints. In a joint members can be free to rotate or be 

limited or even fixed. This counts also for the supports of the framework. 

A guyed framework 

A guyed framework is also basically orthogonal shaped. In order to reduce 

long spans of beams, guys are added to the framework. On Fig. we can 

see a guyed framework with a mast and two guys. The longer span of the 

two is supported by the guy sys tem. 

Fig. I: a guyed framework 
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Forces and displacements of a guy 

The central issue of the problems is the non-linear behaviour of guys in a 

framework. Most bars in frameworks do only have linear behaviour which 

means that displacements inc:ease in the same order as forces increase. 

Guys however are special because they have a low resistance against 

bending. They have a small moment of inertia. A guy is designed to resist 

only normal forces. 

Bar and cable 

A guy can mainly be chosen out of two types. One is made out of 

massive material and can only resist low stresses. The other is made out 

of many small strings of steel and can resist high stresses. 

In common building practice bars are mainly used. So I have only 

investigated the non-linear behaviour of bars . But of course many of what 

is investigated also counts for cable. 

Changes about computation 

In the seventees mini-computers and in the eightees personal computers 

were introduced. For daily practice this meant a deal. 

A lot of time got saved since computers are very good in calculating 

great amounts of problems. Accuracy was increased because computers can 

be put to calculate problems in many small parts so that a good view of 

physical reality is obtained . 

Types of us e rs 

In structural engineering there are in general two types of users of 

computer software: 

- structural designers who have a profession in daily building practice; 

- researchers who can be found at universities and research-institutes . 

This is only a general difference. Both types of users can be found at 

other environments. Both types have their own special interests in 

computer software. 
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Developments In computer-software 

This means that there are two ways to design computer-software: 

- one in which simple modelled problems are swiftly computed and used to 

give dimensions to a structure; 

- onc in which on advanced modelled problems a high accuracy is 

required, such in order to obtain know-how on the behaviour of 

structures and parts of structures. 

ObjC'ctive 

Because of these reasons that is: 

- a structural designer does not like slow though advanced software ; 

- a structural disigner has access to many fast though simple software. 

It is my objective to "develop a method in which guyed frameworks nre 

computed by simple (existing) framework software" . 

This simple software is often named to be just linear on computating 

rorces and displacements. 

Extension of a straight bar 

Us ually when a straight bar in a framework is assumed it s extension can 

be simply computed by Hooke s law . Therefore it has to have some 

s tiffness. 

~ .. - 3)1C!::-=======:::b:"~ =~ 
t=;. - r, 

.1 
L 4 

.1 •• , 

Fig. 2: extension of a straight bar. 

d 
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Ex tension of a parabolic bended bar 

When a bar with little stiffness is used in a framework it will show a 

totally different behaviour: 

Since stiffness is low, forces perpendicular to the bar such as own 

weight will cause a large displacement. 

Equilibrium can only be found by using the forces that cause ex tension 

along the bar. 

Such an element In a framework will cause problems for stuctural 

designers who have mainly access to simple linear framework software . 

L .d 
1 " 

Fig. 3 : extension of a parabolic bended bar 
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In each point where a guy . ... 

However, when you want to solve the problem with such software you 

ha ve to find in each point where a guy supports the framework; 

- the displacements of the framework; 

- the displacements of extension of the guy 

due to the same force. 

A force of course means an additional force to the already existing initial 

forces in the framework. 
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Find the intersection 

In this picture we see two lines. 

- the straight line means forces and displacements of a straight bar In 

the framework on constant loading and various stiffness; 

- the curved line means forces and displacement of the real guy. 

d 

Fig. 4: find in each supporting point the intersection of the two functions 

Thus we obtain a system ..... 

When you have n independent guys, that are guys not connected to other, 

you will have to solve a system of n non-linear equations. 

The system can be solved with simple linear computer software. 

all + a l2 + 

a 2l + a 22 + 

+ a 
nn 

* 

F 
n 

Fig. 5: a system of non-linear equations 

a + b F -2 
n n n 
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Use Ei as elasticity-modulus 

The curved line of the real guy can be easily computed as I showed you 

before. 

The straight line can be found out of two points. These points found by 

using your framework-program on calculating the forces and displacements 

with two different elasticity-moduli. 

d 

Fig . 6: use Ei as elasticity-modulus to compute all other forces In the 

framework 

At last use Ei to compute a] other forces in the framework because Ei 

is a solution of a straight bar in a linear framework program that fits 

exactly for the guy . 
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DESIGN-INDEPENDENT MASS PRODUCTION OF HOUSING 

by Ir . Jan O. Bats and Ir. Jan F.G . Janssen 

Introduction 

On reflection this seemed to me a more suitable title for our contribution 

to this seminar than "A new concept for industrialized housing". 

It covers the essence of our activity better. 

Prof. Habraken recognized instantly that the building of big series of 

dwellings inevitably leeds to monotony and resistance by the occupants. 

It does not matter whether they are built by the mechanized building 

trade or in the traditional manner. The reason, therefore, is tha t the 

traditional manner of organization, dominates the process in both cases, 

namely because : 

- all houses are built according to a design made in advance . 

To make a general discussion possible on this problem, we must first 

clearly distinguish between PREFABRICATION and INDUSTRTALIZATION . 

We are speaking of PREFABRICATION, when parts used for building houses 

are made after their specific place of use is known, that is, after we 

ha ve a house design. 

We speak of INDUSTRIALIZED production, when elements or parts used for 

building houses are made before their specific place of use is known, that 

is, before there is a house design. 

According to this, all building materials are industrially produced; but, up 

till now, their use in house building has been .Q.!2!y by prefabrication, that 

is, after a design made in advance. 

This has a number of disadvantageous consequences now that traditional 

house building by sm311 builders, mostly for private persons, has been 

replaced by ther mechanized building trade, more or less by prefabrication. 

The most important of these are: 

no influence on the part of the individual, no FLEXIBILITY 

no chance for indus trial production, no INDUSTRIALIZATION. 

Considered in more detail, we can make it clear as follows: 

PREFABRICATION always has a strong tendency to increase the size of 

components . 
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But in the case of building with big elements: 

PREFABRICATION 

+ 

INDUSTRIALIZATION 

(mass production) 

or again: 

PREFABRICATION 

+ 

FLEXIBILITY 

(influence of occupants) 

Frustrates FLEXIBILITY 

(influence of occupants) 

Frustr~lIes INDUSTRIALIZATION 

(mass production) 

tends to traditional working 

An illustration of the foregoing is a statement by the director of DAIWA 

HOUSE INDUSTRY, a Japanese producer of 0:. 28000/ y) prefabricated 

housE' S in steel. 

I quote: 

"There are mOre than 5000 different types of parts. One unit of housing 

requires about 600 parts based on 150 varieties, which calls for small-lot 

production in an extremely wide range of items, even compared with such 

large-scale enterprises as the automobile industry. 

Recently, home buyers' demar:ds have become highly diversified, so that 

standardised designs no longer satisfy their requirements. This trend has 

been gaining even greater momentum 

Currently, the gradual increase in the market share of prefabricat e d 

housing is not so much due to the lower costs brought about by mas s 

r'roduction, as was originally intended, since cos t does not differ 

significantly from conventional house building methods, but uniformity of 

quality , etc." 

This makes it clear that PREFABRICATION does not offer the right start 

for dealing with the problem, as long as there IS 

no personal say for the occupant (FLEXIBILITY) 

no lower price, 

no INDUSTRJALIZA TION (mass produc t ion) 

which is just wha t the marke t is asking for. 
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What is most remarkable now, is that these requirements are not in 

conflict with each other, as many people think, but are only possible in 

combina tion. Therefore, 

FLEXIBILITY 

(influence of occupants) 

+ 

INDUSTRIALISA nON 

(mass production) 

Is necessary and possible 

with design-independent 

components 

Development of design-independent components IS only possible if the 

following conditions are duly observed: 

a. the design must be based on the S.A.R. *) method of designing and on 

modular coordination; 

b. the components must be comparatively small; 

c. the components must be demountable; 

d . the components must be as "simple" as possible; 

e. the network of lines and pipes must be independent of the other 

cons t ruc t ional componen ts; 

f. there must be free choice to position the stairs. 

*) S.A.R .: (Foundation for Architectural Research). 

This has resulted in the development of a steel bearing structure, built up 

with very few different elements. 

The core of the bearing system is the element 

shown in the picture. 

The bearing elements consis t of 2 

channel-shaped profiles and a 

corrugated-steelsheet connected by 

spot-welding. 

These elements are used both in horizontal 

as well as in vertical direction in two 

widths: 600 mm and 1200 mm. 

Note the possibility of placing big pipes. 

Steel bearing elements of this kind, together 

with a so-called "hat profile" form the 

"bearing structure" of the support. 
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The "hat-profile" allows the position and 

shear connection of the horizontal and 

vertical elements of the "bearing structure". 

Therefore small parts are spotwelded on the 

outer and upper sides of the "hat". 

Coupling strips are needed for securing the 

horizontal and vertical coherence, as can be 

seen in the next picture. 

The "house of cards" still requires stability 

provisions in the form of steel-sheet shear 

walls in the transversal direction. 

These walls are positioned at a suitable 

place, parallel to the front and back faces 

of the building . 

Furthermore, they are fastened to the 

bearing elements in such a way tha t the 

same kind of connec tion can be used as for 

all other connecting purposes. 

In all, this results in the bearing structure, 

shown in the picture . 

The flexibility of the steel bearing system is especially obvious thanks to 

the possibility of building a wide scale of different bearing structures with 

two elements of different length. 

Some details of that structu~e are shown in the next slides . 

For all other subsystems, efforts will be made, on the same principle, to 

cover a maximum of lay-outs with few different elements. 

Here you see an element of a prepositioned panel. 

The next slide shows an element of the floating floor. 

Mr. Janssen wil give some examples of the application. 
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[n this project I am specially interested, as an architect, in the 

applicability of this industrial load-bearing system in the field of 

mass-housing. 

for this I used the autocad drafting package with three important 

possibilities for this project. 

t * E3y means of autocad it is possible to make a library of the support 

and infill elements. 

- This library contains three-dimensional shapes and sizes of the 

elements which can be combined in different designs, based upon a 

system of agreements. 

2* Support and infill can be drawn on different layers to be clearly 

distinguished. 

3* Linking autocad to data management systems brings the possibility of 

having all numeric data of a design available at once. 

: i.:; ;;·:';:·;;;;;;.:,;.~;.~~~I~):~;7i;i;i;i;f libra ry 
. , ~ ~ ~ ~ .:..:...:.::. -o ______ ....,~Il. n~' .... ~O..,.., 
• 11.:::::::a=::;J1o • _ ......... ....-r--o 

autocad 

s ys tern 

In the picture series [ will show you 

I. t he load-bearing elements and its cladding sys terns; 

2. the infill elements, such as partition walls, staircases, furniture; 

3. the modular system for coordinating support and infill; 

4. several designs based upon the traditional Dutch family house. 
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sub I. The load-bearing elements from 

the library, 

These elements c o mprise a few 

different and relatively small elements 

in two widths for horizontal and 

vertical use. 

They are made of the same 

corrugated steel sheet. To connect 

horizontal and vertical elements , th e 

so-called hat-profiles are used. 

The profiles are only different in 

length . 

vertical 600 mm and 2800 mOl 

- horizontal: 900 mm to 5400 mm 

with an increment of 300 mm. 

- the length of the so-called "Hat" 

profiles has an increment of 600 

mm. 

Cladding system together with the 

load-bearing system forms the support. 

sub 2 . Infill elements . 

Partition walls placed on the modular 

grid (this will be dealt with later o n) 
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staircases 

furniture 

sub 3. Agreements based upon a 

modular grid with positions of the 

support and infil\' 

The tartan grid, based upon 300 mm, 

has 100-mm and 200-mm bands. 

Load-bearing elements are placed in 

the centre of the 200-mm band and 

the partition walls of the infill are 

placed in the centre of the 100-mm 

band. 

All possible connections between the 

two systems are thus clearly defin ed . 

Staircases can only be placed in zones 

between the load-bearing elements . 

Furniture: 

Kitchens and bathrooms must be 

positioned adjacent to a vertical 

load-bearing element to guarantee 

connections with piping systems . 
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1 

sub 4. Three examples 

The bearing system perpendicular to 

the facade, based upon the area 

require~d bya traditional family house . 

the infill. 

The occupant can decide upon posi t ion 

of 

- partition walls 

- sanitary cells 

kitchen equipment 

and have a right of say in the de s ign 

stage on the position of dividing wall s. 

example of different possibilitie s 

ground floor - first floor . 

the three-dimensional model 
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sub 4 . Three examples 

The bearing system perpendicular to 

the facade, based upon the area 

required by a traditional family house . 

the infill 

The occupant can decide upon position 

of 

- partition walls 

- sanitary cells 

kitchen equipment 

and have a right of say in the design 

stage on the position of dividing walls . 

example of different possibilities 

ground floor - first floor. 

the three-dimensional model. 



1 14 

'-". --'- -- -

-t - ~ --~ -- ~ . 

sub 4. Three examples 

The bearing system perpendicular to 

the facade, based upon the area 

required by a traditional family house . 

the infill 

The occupant can decide upon posi t ion 

of 

partition walls 

- sanitary cells 

kitchen equipment 

and have a right of say in the design 

stage on the position of dividing walls. 

example of different possibilities 

ground floor - first floor. 

the three-dimensional model. 
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After the design of these dwelling 

types (with two bays and with one 

bay) I counted the different industrial 

elements to be sure that one can 

speak of industrial mass production . 

I just counted the part s of the 

load-bearing system and its cladding 

systems and, as you can see, there 

are relatively large numbers of the 

same elements to be produced for 

only one dwelling. 

138 load-bearing elements differing 

only in length. 

Total length of these elements 

for one dwe II ing is 440 m 1. 

222 side sections of the load-bearing 

elements with a total length of 

602 m. 

163 Floor elements of mainly 120 to 

60 cm. 

98 Prepositioned wall panels . 

Some of the elements are different in 

dimensions, as you see in the figure . 

The floor elements are here 60 x 60 

cm and 120 x 60 cm and also 

120 x 30 cm. 

But if you use the floor elements, as 

the Japanese used the tatami, as a 

measuring system, then there are far 

fewer differences in the floor and 

ceiling elements. This will be the 

case if one uses a bay width of 

(n x 60) + 30 cm. 

A project has recently been started with several local industries and 

supported by the government to develop the whole system. This will take 

2 a 3 years from now . 
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LIGHT-WEIGHT STRUCTURES AT THE TUE 

by 

ir. Wim J.J. Huisman 

In troduc tion 

In many projects over the yea.s a t the Eindhoven Un iversity of Technology 

formfinding of several cabie and membrane structures was based either on 

physical models for complex geome trics or on simple mathematics for 

exact defined surfaces. 

Recently a computer program has been developed, based on simple applied 

mechanics and using the Cholesky a lgorithme, which can generate complex 

geometrics. 

For example, a tent structure with three m asts and a r8ther arbitrary 

plan (figure 1) requires a suitable topological network (figure 2, 3 and 4). 

Physical properties of the structural elements and coordinates of the 

various supports are given and the compute r generates the structural shape 

(fig. 5, 6 and 7). 

In an interactive process modifications of the result can easily be obtained. 

In the case of the membrane st ru ctu res cutt ing patterns for the fabric 

can also be generated. 

The first applicat ions of th e ne w st ruc tural des ign t ool will be the 

pres tressed skin of a 52 m d iam e t e r dom e of the T.U.E . (fig . 8) . 

Figure 1 
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Figure 2 

Figure 3 

Figure 4 
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Figure 5 

Figure 6 

Figure 7 
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A METHOD OF LAYING HORIZONTAL DAMP INSULA nON IN BRICK 

WALLS OF THE EXISTING BUILDINGS 

by 

dr. eng. Zygmunt Matkowski, dr. eng. Andrzej Pawlonka (Civil Engineering 

Institute) and dr. eng. Piotr Olko (Mechanical Engineering Institute) 

Introduction 

The problem of laying an effective and long-lasting damp proofing in 

buildings without a horizontal damp insulation or with an insulation 

damaged due to the ageing processes in materials, is difficult to solve. At 

present in Poland several methods of damp proofing stopping the migration 

of humidity from the ground are applied in walls of the existing buildings 

[ I], but none of them is universal and their effectiveness is often called 

in question. At the same time works are carried out on both improving 

the applied methods and looking for new methods of laying damp insulation. 

The Institute of Civil Engineering together with the Institute of Mechanical 

Engineering of Wroclaw Technical University have made an attempt at 

working out a new method of laying damp insulation. It consists in cutting 

a gap through the wall with high-jet water, this is high pressure water 

stream and filling the gap with a material stopping the migration of 

humidity upwards. 

High pressure water jet moving at great speed carries energy which may 

be used for working different materials. Working of materials with a 

stream I jet of water has been known for a long time, but a particularly 

dynamic progress in the field was made as late as 15 years ago. It was 

then that the method was applied on an industrial scale for cutting soft 

materials such as paper, plastics or food. In 1980 abrasive grain was added 

to wa t e r wh ic h broadened t he range of the poss ible applica t ions of this 

method. Many scientific and technical centers all over the world have 

become interested in this technology as there as many advantages of its 

application such as: 
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work in non-polluted environment; 

- low temperature at the cutting zone; 

- low stress at the cutting zone; 

the possibility of beginning and finishing the cutting at any place of the 

material; 

- fairly high efficiency of the process; 

- lack of sparking at the cutting zone. 

Hydroabrasive jets of water are generated by 20-500 MPa pressure. The 

lower values are applied for cleaning the surface, the higher ones when 

cutting through materials. 

On the basis of 18 kW power water pump, equipment for cutting through 

a wall was constructed at our University. The delivery of the pump was 

30 l/min. The water pressure was 30 MPa. The installation consisted of a 

water container, a filter, a pump, valves, a sprinkler and an abrasive 

material container. The hydroabrasive jet of water flows through sintered 

carbides nozzles. During the experiments the following factors were varied: 

pressure, the type and quantity of the abrasive material, the sprinkler 

movements and the number of jets, in order to reveal the range of 

application of the method. 

The effectiveness of cutting a gap through the wall is influenced by many 

factors such as mortar and brick strength, thickness of the wall and the 

water pressure. The membrane to be laid must be adjusted to the size of 

the gap and the surface quality after the cutting. 

The initial experiments have shown that when the high jet water of up to 

350 at is applied, it is possible to cut a gap in the layer of lime mortar 

of 0.4 MPa compressive strength and in cement - lime mortar of the 

compressive strength not higher than 3 MPa through the whole thickness 

(about 50 cm) of the wall. When the walls are thicker or the compressive 

strength of mortar higher, greater effectiveness of high jet cut can be 

achieved by increasing the water pressure or making a wider gap so as to 

be able to insert a sprinkler head there. Then the mortar layer and partly 

the brick layer are cut through and the width of the gap is 4 + 5 cm. 

On the basis of this, two concepts of filling in the gap have been worked 

out (see Figure I). In both solutions a 10 + 15 m long wall is devided 

into I m long segments out of which in the initial phase every second 

segment A is cut through. 
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On the same day the gaps created along these segments are filled with a 

hydrophobic material. In the second phase of the works, that is, after one 

day passes, the other segments (segments B) are cut through and the gaps 

filled in the same way. 

The first solution suggests that 1 + 1,5 cm thick mortar is cut through 

and the gap is filled with a homogeneous hydrophobic material. Out of a 

number of examined materials such requirements are met by a compound 

of epoxy resins: Epidian 5 and Epidian 112 with the addition of sand. The 

compressive strength of the compound is 43,7 MPa after J2 hours. A layer 

of building paper placed under the compound of resins with an overlap of 

5 em at the contact area of particular segments serves as an additional 

protection against the capillary water pull up (see fig. I a) . 

In the second solution when the gap is 4 + 5 em wide and the brick 

layer is cut through, the surfaces after cutting are rougher and should be 

levelled with, e.g., a layer of cement mortar (see fig. 1 b) . The insulating 

building paper with an aluminium pad cverlaping the contact area by 10 

em is placed on the levelling layer. Damp proofing consists of 40 em wide 

and the wall-thickness long rigid PVC coffers glued to one another at the 

surfaces of their lateral faces. The coffers are filled with I : 3 cement 

mortar. The mortar is placed in coffers and then rammed, filling tightly 

the gap. If prefabricated coffers are applied, the process of making the 

membrane is quicker and the mortar is properly consolidated. 

When there are buildings with walls in which cement - lime mortar of 

higher strength is used it is necessary to apply higher water pressure of 

up to two thousand at. 

Literature 

[ I] Thierry, J., Zaleski, S. : Remonty budynkow wzmacnianie konstrukcji 

(Building Restoration and Reinforcement of Constructions). Arkady, 

Warszawa 1982. 
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CYLINDRICALLY ANISOTROPIC BODY AS A MODEL FOR THE 

FRACTURE PROCESS ZONE IN CONCRETE 

by 

Dariusz Stys, Institute of Building Engineering, T.V. Wroclaw 

Introduction 

Since a long time attention was focussed on, and much work devoted to 

the technical application of fracture mechanics in concrete composites. 

Stress concentration areas in the vicinity of notches and cracks' zone [1] 

had been taken into special consideration. In these areas in concrete 

elements, there exist physical non-linearity which corresponds to the 

fracture process zone. Fracture process appears as the zone of intensive 

microcracking. One of the aims to deal with fracture mechanics in 

concrete is to determine concrete mix proportions taking into account the 

relations between its physical structure and mechanical properties. Another 

important goal is to develop the parameters describing the fracture process 

in concrete under various conditions. So far the existing theories 

attempting to describe physical peculiarities of concrete in the stress 

concentration areas are often insufficient. 

Material Modelling in the Crack Tip Area in the Composites with Cement 

Ma trix 

The phenomena associated with the microcracking process in the stress 

concentration area at the crack tip have been described by the parameters 

characterizing cylindrically anisotripic body . Material discontinuity 

proceeding in this area changes its physical characteristics. A 

microcracking, common for materials like rock and concrete results in 

elastic degradation of a body. 

The experiments performed on initially notched beams made of photo

elastic material, exhibit the radial and circumferential isostatic lines 

pattern (see figure la) . The pattern of isostatic lines for concrete beam 

with a notch exhibits similar configuration (see figure Ib). 
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It seems that in concrete composites with brittle matrix, In the crack tip 

area, the most probable directions of microcracks formation are those 

which are perpendicular to the isostatic lines. Principal stress trajectories 

in the vicinity of a notch are connected with the polar coordinate system 

- microcracks initiate radially and circumferentially, so the body may be 

considered as cylindrically-anisotropic. 

Mathematical Description of the Model 

Mathematical formulation was based on the solution of a cylindrically

anisotropic wedge problem [3]. Having assumed a polar coordinate system, 

as in Figure 2, the stress-strain relations are given as: 

~ 
r 

~ 
r 

The strains can then be computed in terms of f (0,) function: 

~ = rO 
)-2 

-{366 ()-J)r f'(O,) 

t lOt 20 - t 0 - t 0 
Ae + Be + Ce 1 De 2 

and: 

f(O,) 

tl2 = {O.5[-m + (m 2_4n)O.5 j }O.5 
, 

m 

n 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

( I 0) 

The constants B,C,O can be eliminated applying boundary conditions. The 

necessary boundary conditions at the stress-free edges can be expressed in 

a matrix form: 

[W] [C] = 0 ( I I) 
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Determinant of matrix [W] is its characteristic function: 
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l
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l
-t

2
) [e +e ] 

(t 1 +t 2 )211" -(t l- t 2)211" 
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l
+t

2
)2[e +e ] o (13 ) 

For the fixed coefficients of anisotropy f311,f322,f312,f366 the roots of 

equation (13) are values of the .A. (i=I,2, ... ,n) parameter . Eigenvector of 
1 

[W] ma trix corresponds to every value of .A I: 

[T] 
-I 

A. [I B.(A.) 
1 1 1 

-I 
C.(A.) 

1 1 
D.(A.fl ] T 

1 1 
(14 ) 

where: A=O is an arbitrary constant. For i=l, parameter Re(.A
1

) attains the 

smallest value in the range (1,2). It is worth to point out that in contrary 

to the existing solutions of the plane state of stresses in orthotropic 

bodies, the rate of singularity .A in cylindrically-anisotropic model depends 

on coefficients of anisotropy. It comes directly from equation (13). 

Experimental Procedures 

The experiments were carried out on concrete beams of two types (A, B) . 

Their dimensions and loading scheme are shown In Fig. 3. 

Each series, A and B, consisted of 3 elements . In the midsection of 

beams, the artificial notch of relative length 0 .3 was moulded . Notches 

were formed by thin steel plate O.OOlm thick, covered with a silicon 

parting agent, inserted while casting. To decrease the influence of 

shrinkage, specimens were cured in water for 90 days. After drying of 

concrete beams, the photo-elastic coating 0.002m thick was glued on one 

lateral surface in the midsection of each beam and a set of strain gauges 

was fixed on the other one . 
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The strain gauges indicated the strains in the compression area of the 

beams and at the position of the neutral axis. Isochromatic and isoclinic 

fringe patterns were recorded at the loading levels of 0.5 Pu and 0.9 Pu 
(P u - ultimated load). 

Numerical Analysis 

The cylindrically anisotropic model was verified applying numerical 

procedures. The set of data consisted of a polar or cartesian coordinates 

of 30 points located on the isochromatic fringes of orders Ni (i = J .0; 

1.75; 2.0). The Newton-Raphson's procedure and the least-squates 

minimization process were involved in numerical calculations [5]. The 

basic equations of photo-elastic coating method can be determined in 

terms of strains or stresses. They are found to be of the form wk 

function which described isochromatic fringes : 

(E - Eo)2 + E 02 - [Nf (l + /J )]2 (2E f2 r rae c (15 ) 

where: f , /J ,E characterize properties of a photo-elastic coating. 
a c c 

Material characteristics of a photo-elastic coating and concrete are given 

in Table I. 

Combination of equations (4,5,6) and (15) gives the strain formulations with 

respect to the parameters of a cylindrically anisotropic body. 

These parameters occur as non-linear in the fringe equations. In matrix 

formula tion, the procedure for determining the best-fit values of the 

unknown parameters consists of the following steps, presented in Figure 4 

as a flow-chart of the computer programme. 

It was possible to obtain "theoretical" fringe orders numerically and to 

compare with the experimental results. One example of this comparison IS 

shown in Figure 5. The range of a dis turbance at the vicinity of a crack 

tip entailed by 3-D state of stresses and crack tip geometry had been 

evaluated as 0.005m (Figure 5). The results of numerical calculations were 

summarized in Table 2. 
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Conclusion 

Taking into account a heterogeneity of concrete composite, a relatively 

good agreement can be observed between the theoretical and experimental 

isochromatic fringe patterns. The model of a cylindrically-anisotropic body 

operates with a new material characteristics connected to the physical 

s tructure of a body and to the stress field . The interesting feature of this 

model is the relation between the rate of singularity). and coefficients of 

ani sotropy. Singularity). is weaker in concrete , than in isotropic, elastic 

bodie s (-0.5) and its value in investigated elements oscillates from -0 .44 to 

-0 .24. The singularity). for concrete decreases with its elastic degradation . 

The parameter A can be considered as the stress intensity factor analog 

in a cylindrically-anisotropic body. Attention should be also paid to the 

dependence of the physical dimension of A-parameter on the singularity ). 
-). 

[MNm ]. 
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Figure 3. Dimensions and loading conditions of tested beams. 
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A,rl,r2,r12,r66, JUMP, (rk,Gkl and fringe orders Nk 

AG,AD,DW + 
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Figure 4 . Flow-chart of the computer program ANIZ . 
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Figure 5. Isochromatic fringe patterns for cylindrically anisotropic body: 

experimental (solid-line) and theoretical (dashed-line). 
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Table 1. Material characteristics of photoelastic eoa t ing and concre teo 

concrete mix d E v a E v f max s s u c C € 

proportions 
-I 

w:c:s:g mm MPa MPa MPa [fr.order] 

1.00: 1.66: 

2.70:5.00 20 28400 0.20 3.20 3400 0.38 I.092x 1 0 
-3 

Table 2. The results of numerical calculations. 

i No. , p'aramet~r~ --, ifF *) : ~~am -~- ; - --- -B;am-~ ---1 Beam -81'-- - -B-~'~-~ '02-- . 
-i._ 

2 

3 

4 

5 

6 

7 

8 

9 

i 

2 

- . . --_. , --

3 
I 
I 4 5 6 7 

{311 : 1 8,7688*10-5 113225*10-5 9,311*10-5 8,7688*10- 5 

[MPa- l ] I-- F' 12,7445*10-5 16:4 '824*-I-O~5 - 11':45-6*10:'5 ' 7,9828*10-5 

Er 1- 1 11404- --- - 883~ _ .-_ _=_----=- ~ O~~~ ~---- - 11404 ---... 

[MPa] F 7846 6067 8729 .. _ 1?..?3_7 ___ 1 

{322 8,7688*10- 11,3225* 10- 9,311*10-5 8,7688*10- 5 ' 

[MPa- l ] F 9,5038*10-5 9,6075*10-5 -" 9:10-6*10 =5 7,2375*10-5 
-------'-

EQ 1 i 1404 8832 10740 

~MI2pa] I FI -.... _-_12?-,5428-207*10-5. 10408 10982 
fJ i . -32030*-10-5 ' -2 ,6"341 * I 0~5 

[MPa- 1 ] I F - -2,9819* I()=) -3:0237* 10- -3,3367* 10- 5 

------·---+ T---0,2829- ·-·- O,T829 - -·--- --6,iir29 - --'-
1 re I --- -- - .-... -----

._ 1 F _ . ____ ~.:..2339 _ __ ~~3~ __ _ 

vOr +1 0,2829 0,2829 
F 0,3137 .o.,2L4§_. 

-166---'-'- 1- ---225'0.*'"10:..4 29051*10-4 

[MPa- l ] , F ' --2:3281-*'10=-4' -- 2:86-24*-io-4 -

-2,4807* 10-5 

-1,5856*IO~5 
0,2829 

11404 

13817 

0,2913 0,1986 

0,2829 0,2829 

0,3664 0,2191 
2,389*-1 '0 =4' - -'2,250* 10- 4 

23315* 10-4 J 4935* I 0~4 - --.-.. _-.--- -.- -1-'- --'- -.--- -- .. -
~~pa 1 I ~ :~:~ i ~::! 4186 4444 -.--.- -I 

-' - -_. - ' 

4289 6696 

1,0 1,0 , A I I 1,0 1,0 
10 I [MN*m-).] i F 03417 0,5487 I' -.- 1- .--.----- .. - .. -.. --.- - - - - . - -.- '-.. . .. - - .. ---

0,6287 0,4594 

' II i o=(Er)t 1 , __ IL -- .. ----. -~~ .------ -
. _. E_~ F 0,92 93 0,873 7 

1,0 - - -- _. _ .. -
0,9442 

II Number of 14 
4· - -- ---.--
1 _ _ 0,7.64* I O-~ __ _ 

o 763* 10-6 , 
----- ---t---!---~ 

I J 17,0}2,0 

I 1 12 
jJe~~tiQ..ns . _ .. . .. __ . 

o 766* 10-6 0 665* 10-6 , , 
O~756* )()=6 -- I O~546* 10-6 

-- ---- ~---

15,)9 ____ . _ .. 

13 F 

.-
1,50 

14 12,70 [ °19 ] 

1,0 

0,9758 

16 

0,741*10-6 

0,694*10-6 i 
lio- .-.- - ; 

_._' ---.--- ; 

15,80 

1,50 
15 

~_~ . ::;~ ...: ~~;~o . _ .. . 
I F 1 _ 1_,5_6 _ ___ . .. _ .. ~9 _ ____ __ ! ~~ ___ ___ . __ L~-,_57 . 

*) I/F Initial/Final values 
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POSSIBILITIES OF APPLYING THE ACOUSTIC EMISSION METHOD FOR 

CONCRETE TESTS 

by 

Dr. Andrzcj Moczko 

Introduction 

In general, the engineering practice accepts assumption that concrete is a 

homogeneous material with a steady and closely determined structure, 

entirely shaped after 28 days of curing. 

However , it is known that concrete has essentially anisotropic and 

heterogeneous structure whose features above all are determined by the 

properties of the cement matrix and aggregates: their elasticity and 

strength, their volumes, the geometry and distribution of the aggregate as 

well as the interaction of the matrix and the aggregate inclusions . 

Moreover, one of the most important features of concrete structure is also 

the existence in it of structural microdefects produced by volume changes 

and shrinkage effect. 

The recent developments show that there is the direct relationship between 

microcracking behaviour of concrete and its significant mechanical 

properties, such as : compressive s trength, tensile strength and fracture 

energy . Therefore, a close examination of the failure processes in concrete 

under external loading is an important source of information which should 

enable designing a concrete of required properties. 

The progress of research in this field is closely related to the 

improvement of the existing measurement techniques, on the one hand, and 

to searching for new ones, on the other . A relatively new non-destructive 

tool which could be useful for this purpose is acoustic emission. The basis 

of this method of phenomenas occurring in stressed material, namely by 

local instabilities associated with deformation and cracking. Thus, material 

defects become an active agent - the elastic energy emitted by them 

carries information about them. 

The interes t in applying acoustic emission to examination of concrete has 

been obs erved to grow steadily from the mid-seventies. 
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Among others, the more interesting papers on this subject were published 

by Schickert [] J, . McCabe and Koerner [2 J, Pocztovik and Mosesov [3 J, 
Nielsen and Griffin [4 J, Arrington and Evans [5], Weigler and Klausen 

[6], Birac and As truc [7 J and Mindess [8]. In Poland the acous tic 

emission has been developed in this field jointly by the Institute of 

Building Science, Wroclaw Technical University, and the Ins titute of 

Fundamental Technological Research, Polish Academy of Sciences, Warsaw. 

The project has resulted so far in working out a new technique of 

measuring AE activity in loaded concrete [9]. Other papers worth 

mentioning are [10, II, 12, 13, 14]. 

Experimental details 

Basic examinations on the applicability of acoustic emission method to 

evaluating structural phenomena associated with fracture of concrete have 

been carried out on the cube specimens of the dimensions jO x 10 x 10 

em in quasi-axial compression test. The material characteristic of tested 

concrete is listed in Table I. 

All examinations were carried out In an INSTRON universal testing 

machine. To measure the acoustic emission signals the equipment, made by 

the Acoustic Emission Technoly Corporation (USA) and Polis h equipment 

"EA-3" were used . The AE parameters have been independently record ed 

using microcomputer IBM and two-channel graphic recorder, made by 

Rieken Denshi from Japan. The friction between the specimen and surface 

of the loading beam was elimina ted by polishing the specimens surfaces 

and greasing them with grease STP. The load has been applied 

perpendicularly to the setting direction. All tests were carried out at 20
0

C 

and re la t ive humidi ty of 54%. 

Tn the research, reported here, the following problems have been examined : 

assessment of applicability of acoustic emission method in determining 

values of characteristic stresses which might be identified with fatigue 

and long-term strength of concrete respectively, 

determination of the effect the age of concrete can have on its 

cracking process, 

assessment of applicability of concrete to self healing. 
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DENSITY TOTAL 
after 

28 days POROSITY 
CONCRETE MIXTURE COMPRESSIVE MASS 

COMPOSITION STRENGTH APPARENT HUMIDITY 
DENSITY 

[kN/m 3 ] [MPa] 28 days 
[Mg/m 3 ] 

[% ] 

0 +0.25 1.57 After After 
3 14.27 3 5.97 

0.25+0 .50 1.43 days days 

Grain-size 0.50 +1 .00 2.00 
After 2 .666 After 

distribution 1.00 +2.00 2. J 4 7 18 .94 7 4.61 
days days 

of 2.00 +4.00 0.76 

aggregate 4.00 +10 .0 5.46 After After 
14 22 .50 14 3.94 

10 .0 +20 .0 5.66 days days 

Total 19.02 
After After 

Portland cement "35" 3.20 28 24 .60 28 2.92 
days days 

Water 1.77 2.342 

Water - cement ra tio 0.55 
[ - 1 After After 

90 27 .30 90 2.56 
Sand point 37.50 days days 

[%] 

Resul ts 

The researches carried out have shown the distinct correlation between the 

cracking behaviour of plain concrete due to increasing compressive stress 

and total acoustic emission counts. It was observed that during the 

cracking process three characteristic phases might be distinguished. In the 

first phase, called "crack initiation" , microdefects initiated during concrete 

manufacturing, are created in separate points of the structure of concrete. 

These microdefects are mainly in the form of microcracks and pores. It is 

important to see that in this phase the existing microdefects do not 

propagate. Further increase of load provokes their stable penetration into 

the cement matrix (phase of "stable propagation") . 

aft er 

28 days 

[% ] 

12.153 
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In this phase new microdefects also appear due to debonding of contact 

zones between aggregate grains and hardened cement paste and due to the 

cracking of cement matrix itself. In the third phase of stress 

disintegration of concrete the unstable propagation of cracks is observed 

(interwal of "unstable propagation"). Particular microcracks are going to 

build up a continuous system of cracks and create longitudinal cracks the 

development of which leads to a total failure of material. 

The values of the initial (OJ) and critical (ocr) stresses constitute the 

borderlines between particular phases of stress destruction of concrete. 

According to Shah and Chandra [15] and Flaga and Furtak [16] the s e 

stresses are identified with fatigue and long-term concrete strengths 

respectively. 

The obtained results have shown that it is possible to determine values of 

initial and critical stresses by means of the acoustic emission method. 

In the paper the notion of intensity of acoustic emission counts have been 

suggested. This notion is defined as an increment of total acoustic 

emission coun ts corresponding to a uni t of stress inc re men t. 

'\ AE - L AE 
L. n+1 n 

( I ) 

where: 

'\ AE 
L. n+1 

total acoustic emission counts recorded on the stress level 

n+ 1. 

L AE 
n 

- total acoustic emission counts recorded on the stress level n. 

Owing to the above way of analyzing the results it is possible to show a 

correlation between cracking behaviour of concrete and accompanying 

acoustic emission. This observation is of considerable importance because 

the traditional way of plotting the acoustic emission counts against a 

stress increment permits merely to state thal as stresses increase the 

total number of acoustic emission counts also increases (Figure I). 

For the same type of concrete, the intensity of acoustic emiss ion count s 

in relation to stress increment was shown in Figu r e 2. The changes of 

intensity of acoustig emission counts, observed in this figure, correspond to 

the changes, taking place in :he structure of concrete, created by the 

increasing compressive stress. 
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Owing to the above way of analyzing the results it is possible to show a 

correlation between cracking behaviour of concrete and accompanying 

acoustic emission. This observation is of considerable importance because 

the traditional way of plotting the acoustic emission counts against a 

stress increment permits merely to state that as stresses increase the 

total number of acoustic emission counts also increases (Figure ]). 

For the same type of concrete, the intensity of acoustic emission counts 

in relation to stress increment was shown in Figure 2. The change of 

intensity of acoustic emission counts, observed in this figure, correspond to 

the changes, taking place in the structure of concrete, created by the 

increasing compressive stress. 
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Fig. I Total acoustic emission counts vs. applied stress for 90 days' old 

concrete_ 
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Fig_ 2 Intensity of acoustic emission counts vs. applied stress for 90 days' 

old concrete. 

It is visible, that initial stress (a,) corresponds to the stress level at which 
I 

the increase of intensity of acoustic emission counts begins to stabilise 

and the critical stress (a ) corresponds to the level at which, after 
cr 

stabilization period, an increase in this intensity is found_ The values o! 

these characteristic stresses were also determined according to procedures 

based on strain measurements reported by Shah and Chandra [15] and 

Flaga and Furtak [16]_ A graphical interpretation of initial and critical 

stresses of 90 days' old concrete obt(lined from these measurements is 

shown in Figure 3_ In this figure volume changes, volumetric strains and 

Poisson's ratio are plotted against a percentage of the ultimate stress. 
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Volumetric strains were calculated from the relationship: 

tl. V 
V 

f - 2 f 
I t 

while Poisson's ratio "v" was taken as the ratio of transversed f to 
t 

longitudinal strain € . 
I 

100 

\ ~~ /v I tl.l l1V 
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Fig . 3 Strain characteris tics o f 90 days' old concrete 

Bas ing on these observations, the re search of determine the influence of 

age of concrete on it s failure process has been carried out. In order to 

attain this purpose the concrete spe cimens were examined in quasi - a x ially 

compression after 7, 28 and 90 days of curing. The obtained re s ul ts wer e 

s hown in Figure 4 where the intensity of acoustic emission counts has 

been plotted agains t the stress, which was expressed as percentage of 

ultimate s tre ss . 

~V 

V 
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Fig. 4 Intensity of acoustic emission counts vs. applied stress for 7, 28 

and 90 days' old concretes. 

The analysis of Figure 4 indicates that the age of concrete has a 

considerable influence on the values of the initial (0) and critical (0 ) 
I cr 

stresses which are indentified with fatigue and long-term strength of 

concrete respectively. The character of these changes is shown in Figure 5 

from which it follows that as concrete grows old its fatig"Jes strength 

increases. It is due to the fact that as time goes by the crystalizatiop. 

process develops and technological microdefecis can heal in part. 

Simultaneously, the decrease of concrete humidity is observed. It is closely 

connected with the development of crystalization process which influences 

the mechanical properties of concrete. Instead, long-term strength of 

concrete decreases together with its age . !t is mainly due to the fact 

that the influence of shrinkage becomes active. 
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Fig. 5 Influence of the age of concrete on the values of initial and 

critical stresses. 

Another interesting phenomenon, which is becoming possible to know 

90 

through the acoustic emission measurements is the inherent ability of plain 

concrete to heal its microcracks . Although this effect has been known for 

a long time [17] its nature is so far unexplored. Generally, the self 

healing is attributed to the hydration of previously unhydrated cement 

grains and may be aided by carbonization. The bonding material formed In 

this way contains crystals of calcium carbonate and calcium hydroxide. As 

a result, some of the tensile strength of the concrete is restored across 

the cracked sections and the cracks may become sealed. Thus, it seems 

possible to correct the mechanical features of concrete through this effect. 

In order to explain some conditions influencing this phenomenon the 

research has been carried out on the 90 days' old concrete specimens 

which were preliminary compressed 10 quasi-axial test to the selected 

stress levels corresponding to three different stages of concrete 

destruction. Then, after unloading the specimens were reloaded to the 

previously obtained levels of stress. 
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The following stress levels were assumed: 

a
l 

0.2 a/f middle of the crack initiation interval 
c 

a
2 

0.4 a/f upper limi t of the crack initiation interval 
c 

a
3 

0.6 a/f - middle of the stable cracking interval 
c 

a4 0.8 a/f - lower limit of the unstable cracking interval 
c 

In order to determine autogenous healing effect the period between loading 

and reloading was differentiated. The following values for the pauses in 

loading were assumed: I day, 2 days, 3 days, 5 days, 7 days, 14 days and 

30 days. During the period of self healing the specimens were stored in 

climatic chamber with air temperature at 20 C and the relative humidity 

of 95%. 

The results obtained have shown that the measurement of acoustic 

emission permits to determine the extend of autogenous healing of plain 

concrete . It was found that as the duration of healing period increase the 

total number of acoustic emission counts recorded during reloading also 

increases. Basing on this observation, the coefficient "S" was pos tula ted as 

an evaluating criterion. 

s (3) 

where: 

s - degree of self healing effect, 

LAER - total acoustic emission counts, recorded during re load ing 

LAE - total acoustic emission counts, recorded during initial reloading 
I 

The obtained values of this coefficient for the various levels of initial 

stress and differentiated healing periods have been shown in Figure 6. 

It may be observed that when the initial stress ievel is rather small and 

when the period between loading and reloading increases then there is a 

distinct tendency to a considerable autogenous healing of the concrete 

microstructure. For higher values of primary loading the capability of this 

phenomenon significantly decreases . 
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Fig. 6 Degree of self healing effect for the various levels of initial stress . 

Conclusions 

1. It ha s been shown that it is possible to determine by means of the 

acoustic emission measurements the values of the initial (a.) and 
1 

critical (a ) stresses, which are identified with fatigue and long-term 
cr 

concrete strengths respectively. 

2. There is a distinct influence of the age of concrete on its cracking 

behaviour. 

3. It has been proved that acoustic emission measurements permit to 

determine the range of autogenous healing phenomenon of plain 

concrete . 
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APPLICATION OF DISCRETE MODEL OF CRACK AND BOUNDARY 

ELEMENT METHODS TO ANALYSIS OF RC PLATES 

by 

M.Sc . Grzegorz Dmochowski 

I. The model of the crack 

Tn presented method, the binary boundary representing the line of the 

crack is accepted in a form of linearly distributed dipole of bending 

moments. The vector of these moments is parallel to the line of the 

crack. The complete set u of internal tensions and displacements in an 

unlimited plate, caused by that dipole can be expressed in a form. 

where: u. - "i" element of vector u; 
I 

x I ,x
2 

- field point co-ordinates; 

~ I ,E
2 

- load point co-ordinates; 

m
B 

- value of the dipole; 

( I. I) 

G
Bi 

- influence function of linearly distributed dipole of bending 

moments for "i" element of vector u; 

G
1 

- Green's function for "i" element of vector u. 

Such loading causes the jump of the slope at the line of the crack. Tha t 

jump /l¢ is equal to the opening angle of the crack and can be written 

out in a form 

/l¢ = lim m B GB/x J ,x2'~ I ,E2) (1.2) 

E I =>0 

where: G B¢ - influence function of deflection angle ¢ due to dipole of 

bending momen ts (see Eq . 1.1) 

mB 
Hence /l¢ = 0 

where: D - stiffness of the plate. 

(1. 3) 
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2. The model of the reinforcement 

The tensile stresses normal to the line of the crack (at the place of the 

crack) are carried by the reinforcement steel bars. Along the segment of 

broken adhesion the steel bar co-operates with the concrete through the 

tangential s tresses distributed on the perimeter of the bar. The increase of 

tensile stresses in a steel bar can be approximated by the second-degree 

curve. Hence, the tangential stresses have a linear distribution along the 

segment If where If - distance between cracks . 

For a plate it is easier to expresse the co-operation forces with the help 

of bending moments linearly distributed along the steel bar. The vector of 

these moments is parallel to the line of the crack. The complete set of 

internal forces and displacements in an unlimited plate due to that kind of 

loading can be easily obtained with the help of Green's functions. 

3. Calculation of internal forces and displacements In a cracked plate 

Let's consider the plate with cracks . The reinforcement bars chaining the 

crack are replaced by an unknown reaction loading a concrete construction 

- by the bending moments linearly distributed along the steel bars. Now, 

from the equations of displacements compatibility, the maximal values m
R 

of these moments can be obtained . 

In this case these conditions concern the size of the crack opening angle 

and can be written out (assuming that the line if the crack is discretized 

on segments) in a form 

(1.4 ) 

where: [ r 0 ] - vector of residual openIng angles of the crack; 

[<PO] - vector of the crack openings caused by an external load; 

[ <P r ] - vector of the crack openings caused by the bending 

moments replacing the reaction of steel bars; 

r I - constant of proportionality between the opening angle of 

the crack and the bending moment with the vector 

parallel to ~he crack; 

[mR 1 - vector of bending moments modeling the reactions of 

steel bars . 
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It is assumed that the vector [r 0] is known. The vector [¢o] can be 

obtained from Eq. 1.3. The vector [¢ ] of the crack openings caused by 
r 

the loading modeling the reactions of the steel bars can be obtained from 

equation 

(1. 5) 

where: [m
BR

] - influence matrix of bending moment dipoles, modeling the 

reactions of the steel bars. 

Using Eq. 1.3, Eq. 1.4 and Eq. 1.5 we get 

( 1.6) 

where: [1] - unit matrix. 

Having vector [m
R

] we can get with the help of boundary elements 

method a complete set of internal forces and displacements for cracked 

RC plate of any shape. The appropriate numerical programme, based on 

the method presented above, was arranged by the author of this report. 

The results of calculations were compared with those available from 

experimental studies and good coincidence between them (range 6-7%) was 

noticed. 

The number of calculations made with the help of this programme for 

various types of plates, let to formulate the following conclusions: 

- the cracks cause the considerable extension of deflection and a big 

redistribution of internal forces in comparison with elastic plate; 

- the changes of the length of the segment of broken adhesion "I " 
f 

doesn't cause the considerable changes of internal forces (so the length 

of that segment needn't be estimated very precisely); 

the parallel cracks can be replaced in calculations by minimum two 

parallel cracks (it can't be only the one supplementary crack as in 

Somigliano's thesis). The error of calculations grow with the number of 

replaced cracks. 



152 



153 

RESEARCH ACTIVITIES ON METAL STRUCTURES 

by 

Dawid Ma,dry 

1. Areas of research 

In the last years the research of our section is associated with many 

various problems mainly governed by designing and practical industrial 

needs. The main topics can be divided into four groups. 

The first group connected with strength and stability of columns and 

beams is covered by the following subjects: 

- torsional and flexural ins tability of columns of a skeleton with a respect 

to the random effects in order to determine their effective length; 

- the strain-load curve, and the load-bearing capacity of thin-waJled box 

columns; 

- the critical load associa ted with spatial shape of instability of 

thin-walled beams and columns meant as (torsional-flexural buckling and 

lateral buckling); 

- the side loads caused by overhead travelling cranes and their influence 

upon the structure; 

- the stability and strength of rigid frame joints with two, three, four 

arms enlarged by the use of a straight or curved haunch. 

The second group of problems is associated with the theoretical and 

experimental studies upon the load-bearing of the (space structures). 

Special attention is paid to the following problems: 

- the general in plane stiffness of a structure affected by various 

geometry and topology of bars; 

- the behavior of a hybrid structure composed of an upper steel plate and 

a regular net of bars (diagonal and bottom chords); 

- developing of a new cold-pressed thin-walled joint; 

- simplified theoretical methods of determining of the effective length of 

the bars being subjected to compression; 

- dynamic methods of testing executed for single pyramids and full scale 

structure in order to assess the effective length of the bars under 

compression. 
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The third group contains theoretical and experimental works related to the 

load-bearing capacity of a shell structure like: 

- local and general stability of cylindrical silos differently supported; 

the effect of bottom ring and stiffening on the load-bearing capacity of 

a silo with a respect given to the geometrical imperfections; 

an attempt of a new structural and technological solution for convenient 

ope ra t ion of silos con taining cohes ive mate rials; 

- the load-bearing capacity of single cold-formed beams; (experiments 

executed in 1981 at Eindhoven University of Technology); 

- development of a new connector for thin to thick connection; 

- a project of a girder composed of a corrugated upper sheet and a 

lattice. 

The fourth group contains some special subjects as: 

- the mechanics of cracking and residual stresses as a designing problem 

in a welded structure; 

- the dynamic effects on high rise structures; 

- the analysis of a behavior of a roof composed of corrugated sheets and 

thin-walled purl ins; 

- the random effects and reliability in statically multi-indetermine-cable 

networks; 

- designing problems of dust setting chambers of the dedusting system. 

2. Research projects 

2.1. The strength and stability of thin-walled steel members with open 

cross section having a structural stiffness. 

In building structures a lot of members like columns, beams, purlins etc. 

have an open cross section . Apart from many benefits we can meet also 

some disadvantages. One of them is a small stiffness against torsion 

visible in a spatial shape of buckling like flexural-torsional buckling or 

lateral buckling. In order to avoid the instability problems the members 

are stiffened through the aid of ribs, spacer blocks or diagonals. An 

extensive theoretical study has been carried out by the use of 

distributional form of differential equations. The basic model which was 

solved has been formed by a thin-walled mono symmetrical member with 

an open cross section restrained elastically in few points and loaded axially. 

Key project staff: Bronislaw Gosowski, Ph.D., D.Sc . , Asst. Prof. 
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2 .2 . Stability of columns 

A differential equation derived for a deformed member elastically 

restrained on both ends against translation, rotation and deplanation forms 

a transcedental equation for which the smallest root gives the effective 

factor of a member. Such a restrain is characteristic for a skeleton 

column. 

Local and overall buckling of thin-walled welded box column uniaxially 

loaded has been studied theoretically and experimentally with a respect to 

local imperfections (crookedness, residual stress). Basing on the equilibrium 

path the curve line of equivalent axial stiffness affected by the mean of 

axial stress has been presented. 

Key project staff: Kazimierz Rykaluk, Ph.D., D. Sc., Assoc. Prof., 

Ernest Kubica, Ph. D., D. Sc., Asst. Prof. 

2.3. Stability of a web 

The critical load of a elastic web free supported at edge in an interior 

beam-column connection of a metal frame has been determined. 

The joint was loaded by concentra ted loads and bending moments. The 

shear forces have been disregarded. A similar problem has been studied for 

a knee rigid joint but additionally the effect of shear forces has been 

considered. 

In another problem the web of an axially loaded column has been taken as 

a infinitely long pia te elastically res trained in flanges. The grade of 

restraining has been given in rela tion with the both axial force in a 

flange and residual stresses. The critical stresses have been calculated for 

a perfect web having residual stresses distributed in accordance with 

Okerblom idea. 

Key project staff: Kazimierz Rykaluk, Ph.D., Assoc. Prof., 

Leszek Wisniewski eng., Ph. D., D. Sc., Assoc. Prof. 

2.4. Stability of Quadrangular metal plates at the plastic range 

The work discusses the stability of quadrangular plates (a web in a plate 

girders) of various geometry with a respect to: dimensional imperfections, 

longitudinal edge elements, longitudinal ribs and variation of normal and 

tangent load in x, y directions, cooperation between a plate and longitudinal 
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edge elements (flanges), variation of the coefficient of an elastic restrain 

of the plate in edge elements, axial forces in edge elements, mono- and 

bisymmetric cross-section. 

Key project staff: Piotr Petlic, Ph . D., D. Sc., Asst. Prof. 

2.5. The side loads caused by overhead cranes and their influence on the 

structure 

The theoretical and experimental studies have been made for a complex 

side loads, caused by the travelling crane. Stresses as a result of such a 

load have been analysed. Through the aid of experiences reached in other 

countries some amendments have been made in Polish codes. 

Key project staff: Zdzislaw Bodarski, Ph.D., D. Sc . , Assoc. Prof. 

Hartmut Pasternak, Ph.D., D. Sc., Asst. Prof. 

2.6 . The local stability and stl'ength of rigid frame joints with two, three 

and four arms enlarged by use of a straight 01' curved haunch. 

The stress in the rigid frame connections are often of particular interest 

to the designer. Knowing the stress distribution in typical joints one can 

find a rational shape of the connection. A great deal of attention was 

given to the stability problem associated with the continuous and non

continuous ribs placement in the region of stress concentration. 

Key project staff: Zdzislaw Bodarski, Ph .D., D. Sc ., Assoc. Prof. 

2.7. TheOTetical and expel'imental studies upon the random properties of 

space structures 

Lot of attention was paid to the analysis of the failure mechanism of 

different models of space structures and the distribution of axial loads in 

individual members. The random character of a failure and loads 

distribution was observed. 

Key project staff: Antoni Biegus, Ph.D., D . Sc., Assoc . Prof., 

Zbigniew Kowal, Ph.D., D. Sc . , Prof. 
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2 .8. Selected problems associated with space structures local and overall 

stability 

Three dimensional structures are classically defined as a truss comprised of 

pinned-end members . This classic basic case of ideal end conditions is 

proper when someone wants to compute the distribution of axial loads In 

individual rods, but not sufficient for stability treatment. Actually the rods 

are rigidly connected with nodes which changes essentially the expected 

behaviour of a structure. The main theoretical problems within this field 

are associated with a propper construction of the stiffness matrix for 

individual rods with respect to the coupled interactions of axial, flexural 

and torsional stiffness and internal forces in accordance with the second 

order theory . The theoretical studies contains also the geometrical 

imperfections of rods and the effect of the own node deformability on the 

overall stiffness of a structure. Theoretical studies are supported by initial 

experiments executed on both the na tural space structure and single 

pyramids. A simplified method of the determining of the effective length 

of the axially compressed rods is developed. The initially undertaken 

studies indicates that the effective length factors for individual rods are 

mostly less then I. More accurate results might be obtained when the 

effect of interaction between a deformable node and coupled with him 

members is better understood. 

Key project staff: Dawid Ma,dry, Ph.D., D.Sc., Asst. Prof. 

2 .9 Experimental and theoretical studies on the silos shell containing 

breaking materials and particularly cohesive feed 

The main problems are associated with both the general and local stability 

of the cylindrical silos when the effects of the stiffness of the bottom 

ring, galling of tech shell and geometrical imperfections are considered. 

There are some other topics as for example: the stability of silos shell 

with chambers having common walls, operational problems of silo for 

cohesive materials. The new structural and technological solutions supported 

by te s ts are on the main interest. 

Key project staff: Zdzislaw Bodarski : Ph .D., D. Sc . , Assoc. Prof. 

Eugeniusz Hotala, Ph. D., D. Sc., Asst. Prof. 
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2 . 10. The stability and load-bearing capacity of a single cold-formed beam 

The rela tion load-deflection of steel press braked hat sections subject to a 

four point bending has been studied through the aid of test. Obtained 

results have been compared with different formulas and some 

simplifications have been proposed within the effective width calculation. 

The deflected shape of buckled upper flange have been recorded for 

various bending radius in order to obtain the grade of elastic restrain. 

Experimentally obtained factor K. is affected by bending radius and 

significantly differs from that proposed in ECCS as K.=4. Tests have been 

executed in the Eindhoven Technical University. 

Key project staff: A.J. van Neste, eng. Assoc. Prof., 

Dawid Madry, Ph .D., D. Sc. , Asst. Prof. 

2.11 Investigations on the strut-plate girder 

The idea of a strut-plate has been investigated. Such elements provide 

good structural and functional profits. An integrated girder with a span 

reaching 15 m can be used as insulated Or non-insulated roof structure for 

farm buildings, stores etc. We are looking for an industrial way of 

manufacturing, easy transportations, storing and assembling. This system 

looks promising for the decrease of steel consumption and economical 

production. The further going studies have to be supported by extensive 

experiments in order to verify the assumed theoretIcal model. This allows 

to eliminate the structural defects and promises safe using. 

Key project staff: Antoni Biegus, Ph. D., D. Sc., Assoc. Prof., 

Jan Gierczak, M. Sc., Dawid Ma,dry, Ph . D., D. Sc., Asst. Prof. 

Wojciech Seidel, Ph.D., D.Sc., Asst. Prof. 

2.12. The load-bearing capacity of a pressing bolt fastener 

A modern pressing bolt fastener was invented for thick to thin connection. 

Traditional connectors as: con:mon bolts, HILTI system or other similar 

often do not provide a sufficient strength and are used in a big numbers . 

A new manner of connecting uses common screws together with additional 

elements like cupping punch and female mold. 
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The quality of that system would be supported by experiment on enlarged 

classes of pressing bolt fasteners. Initial tests show a significant increase 

of the load capacity (about 10 times In comparison with common bolts). 

The effect of both the grade of bolt clamping and the optimization of the 

pressing shape has to be studied. 

Key project staff: Antoni Biegus, Ph. D., D. Sc. Assoc. Prof. 

Wojciech Seidel, Ph. D., D. Sc., Asst. Prof. 

2.13. The ultimate states of corrugated sheets 

A number of corrugated sheets has been subjected to an axial and uniaxial 

compression. Such a loading occurs when a corrugated sheet works as a 

slab. The method of analysis of elastic and plastic behaviour of corrugated 

sheets without additional transversal and longitudinal stiffeners in 

compression was mainly exposed. On the experimental basis a mathematical 

model of the corrugated sheet in compression and bending has been 

constructed in a form of fourth order differential equation with non-linear 

coefficients. This model combines the Vlasov's thin-walled bar theory with 

that of Winter related to the post-buckling load capacity. The solution 

were obtained through the aid of Fourier's transformation 111 

trigonometrical series. Both the mechanism of a structure collapse and the 

load-bearing capacity have been described. The experimental results of 

corruga ted sheets T55x 188 of 2.0 m length have been compared with 

theoretical solution giving a satisfactorily agreement. As the next step the 

ultimate states of corrugated sheet subject to compression, bending and 

shearing will be examined in a natural scale for various geometrical 

parameters. 

Key project staff: Antoni Biegus, Ph. D., D. Sc., Assoc. Prof. 

2.14. The applications of the mechanics of cracking and contact problems 

for steel structures calculation 

Three problems within this subject are presented below. The destructive 

tests on welding connection of an I-joint has been presented. The 

hypothesis of the ultimate load of this connection has been proposed. The 

numerical analysis of a space truss plate welded connection has been 

carried out. 
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The maximum load in chords has been calculated in accordance with 

H-M-H hypothesis. The equation of the load-bearing capacity of axially 

tensioned steel tape having a transversal centric crack has been derived. 

In relation of the length of the crack the material in the immediate 

vicinity of the crack ends varies from a ductile state to a brittle state. 

Key project staff: Kazimierz Rykaiuk, Ph. D., D. Sc., Assoc. Prof. 

2. 15. Some problems of dynamic loads of structures 

There are many essential problems related to the assessment of d ynamical 

loads of high rise structures like multistorey buildings, funnels, masts, 

radio and TV towers with respect to the effects of self dumping, 

interaction of a solid and non-linearity of supports. Some tests have been 

executed on models in order to determine the dynamical load for funnels 

and metal silos under a normal operation (filling and discharging, imp~ c t 

loads). A particular interest is concentrated on the Benard- Karman effects 

for the first order vibration, and more rare but real second order free 

vibra tions. 

Key project staff: 16zef Cabaj, Ph. D ., D. Sc., Asst. Prof. 

2. 16. The analysis of a behavior of a roof structure composed of 

corrugated sheets and thin-walled purl ins 

Numerical calculations were performed for a U purlin stiffened by 

corrugated sheets. The purlin is elastically restrained at a covering in th e 

upper flange. The solution was based on experimental observations. The 

problem arises of how point stiffening affects the stress of the purl in. The 

purlin was initially deflected torsionally. Theoretical results are verified on 

the natural model of a roof. The algorithms presented enable the 

estimation of the stress of one-bay U-purlins pre-twisted with POllll 

stiffeners according to the II order theory. 

Key project staff: Kazimierz Rykaluk, Ph. D., D. Sc., Assoc. Prof. 

Bronislaw Gosowski, Ph. D., D . Sc., Asst. Prof., 

Ernest Kubica, Ph.D., D. Sc., Asst. ?rof. 
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2.17 . Reliability of multi redundant metal structures 

This subject contains such problems as: limit load capacity of 

multiredundant elastic-plastic trusses through the aid of the linear 

programming, failure mechanism of single-layered truss domes, limit state 

of cable networks, description of destroy process of a structure as n 

stochastic process, in particularity an estimation of the distribution 

function of limit load and calibration of safety factors for the 1st, 2nd 

and 3rd level of limit analysis of structures. 

Key project staff: Jan Rzadkowski, Ph. D., D. Sc., Asst. Prof. 

2.18 Dimensioning methods of cable structures and technic of the 

measurement of the cable force 

Some essential studies have been made upon the dimensioning methods of 

cable structures in the light of the theory of reliability. Information 

associated with this topic has been gathered in a monography. Apart of 

that a great deal of attention was given to the methods of the 

measurement of the force in existing cables structures and guy ropes. 

Key project staff: Zdzislaw Bodarski, Ph. D., D. Sc., Assoc. Prof. 

16zef Cabaj, Ph. D., D. Sc., Asst. Prof. 

Zbigniew Kowal, Ph. D ., D. Sc., Prof. 

2.19 Designing problems of dust setting chambers of the dedusting systems 

Several automated dust collector structures have been designed for heat 

and power genera ting plants and for coke-oven ba tteries. In this 

installations dust collecting is based on cloth filters provided with a 

special computer which is controlled and operated pneumatically removing 

dust from filters when the dedusting process is still going on. Such kind 

of installation is more reliable and efficient than electro-filters. Some 

problems of grade steel choice for the dust setting chambers will be 

described in a monography about designing of building structures of 

dedusting installations. The author is looking for more information related 

with : grade steel choice, loads, methods of designing, static analysis, 

thermal stresses in structural elements, corrosion and erosion of element s 

of automated dust collector structures. 

Key project staff: Jan Rzadkowski, Ph. D ., D . Sc., Asst. Prof. 
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STRUCTURAL DESIGN OF THE BUILDING STRUCTIJRES 

Reinforced Concrete 

Structural Design 

Computer Modeling 

by 

Mariusz Szechinski 

Summary 

Last years, brought the wide spread of the computer methods of 

calculation and designing of structures. The new concept of designing 

termed as Total Structural Design was proposed. Under this term it is 

necessary to take into account, building the special kind of structure 

model, connected with environment through all existing influences. Models 

like that may be totally analyzed, and received picture of its inner work, 

gives possibility of its effective and active forming and constructing. 

Paper presents two examples of structural analysis which are possible to 

make, using upper described method of Total Designing. 

I. Introduction 

During the last years, in connection with the wide spreading of the 

computer methods of calculation and designing of structures, more and 

more often possibility of the Total Structural Design is taken into account 

[ I 1. 
Under this term it is necessary to take into account, building of special 

kind of structure model, (it may particularly refer to the concrete 

structure), connected with environment through all existing influences . 

Models like that may be totally analyzed, and received picture of its lOner 

work, gives possibility of its effective and active forming and constructing. 

This process maybe repeated up to the moment of receiving optimal 

characteristic of designed structure. Especially important here is the fact, 

that using this method, the designer is reducing (minimizing) a material 

usage and all the time is controlling work of structure. Using this method 

it is possible to calculate and design any type of structure independently 

of the type of loads. 
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2. Structural concrete and its environment 

Upper given definition of total design referred to the reinforced concrete 

structures, need generalization of the definition of the structure like that. 

First it is necessary to introduce a definition of the structural concrete . 

Bruggeling [2] gives the following definition of this term; "Structural 

concrete" refers to any structure build from concrete, and non-prestressed 

and/or prestressed reinforcement which can resist, in controlled way, all 

the actions exercised on these structures by loads, imposed deformations 

and other influences. Moreover, these structures must be constructed in 

the safe and economical way. 

In that definition, article in controlled way says about our possibility to 

control, for instance: deformations, cracks, or durability during the 

designing process. 

Breen [3] says that structural concrete that is the term describing wide 

range of concretes used to build any structure, taking in, plane concretes, 

normally reinforced and pres tressed concretes. The basic objective of wha t 

is termed the "Structural Concrete Approach" is to eliminate distracting 

and artificial barriers which tend to compartmentalize the designer's 

thinking. It is necessary in new approach tend to emphasis more global 

attention to total load paths and resisting elements. Range of influence of 

this definition is shown in the figure I. 

Every particular structure made of structural concrete doesn't work alone. 

She is most often the component of the subsystems. The subsystem above 

the structural concrete is always the structure itself. Further the structure 

belongs to other subsystems, of which one is always the environment. For 

instance the building belongs to city which form the subsystem for the 

building. Both are of course under the influence of the environment. We 

can therefore expect some requirements which the structure should fulfil. 

For instance the reinforced concrete water tank requires not only that the 

walls and floor slab support t he load, bu t also that t hese be waterproof, 

that means work In non-cracked state. 

This general look at the concrete structure gives wide possibilities of its 

calculating and constructing. 
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Fig. I Definition of the Structural Concrete 

3. The calculations 

3.1. General remarks 

Every designed structure must be defined generally as follows: 

I . Given data: 

- defined total model of the structure, 

- description of the acting loads, 

- description of the other environment influences, 

2 . Find: 

- ex ternal reactions, 

- displacements, 

- internal forces, 

- deformations . 

If it is only possible all found values should be defined referring to any 

location and time. 
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Defined model may be as follows: 

- global as mean total to the whole structure, 

- regions as frame, beam, co lumn in structure, 

local as cross-section or anchorage. 

Depending on the design criteria, structure importance and as well as 

other factors, we are making some assumptions about model or about type 

of structure analysis, which should be done. This may involve linear or 

non-linear, static or dynamic, time dependent or no, partial or total 

structural analysis. 

Actual designing methods recommended by codes are mostly based on 

linear-elastic static analysis of loaded structural concrete system. During 

this analysis the inner forces are established and further on that base 

dimensions and reinforcement of the structure are calculated. 

Past practice when were used hand calculations are now more often 

replaced by computer methods. The wide range of computer programs 

adding this process exists, also process of calculations flow straight 

according to upper schedule. This process has grown tendencies and in 

spite of big complications, becoming even from variety of structures and 

their work, plenty of computer programs, realizing most parts of the 

designing process was developed. For example static analysis is connected 

with designing and drafting. 

Still on the first place stand problem of the model and the way of the 

analysis selection. Especially important is the model, which generally gives 

the possibility of tracing the examined structure response, on the 

variability of influences. More the model should be good for any type of 

analysis, e.g. sta tic or dynamic, linear or non-linear. 

The ideal model as described above doesn't exist yet, moreover that 

should be our target. What have we now in our disposal? 

3.2. Analytical models 

For the calculation's purpose it is possible to show the structural concrete 

systems as the system of joints (nodal points) interconnected by discrete 

elements made up of concrete, reinforcing steel and prestressing steel. 

This assumption permits for modeling plane and three-dimensional bar 

structures, also flat and three-dimensional surface and solid structures. 

Group of structures called further bar stf'Jctures, take in following types : 
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- plane and three-dimensional rigid frames, 

- plane and three-dimensional truss structures, 

- the beam, plane and three-dimensional grid structures. 

To analyze this group of structures most often is used the displacement 

method. 

Second group of structures called space-structures take m following types : 

- deep beams, 

folded plates in plane state of stresses and deformations, 

- thin and middle thick plates, 

- ribbed-pia tes, 

- shell structures, 

- solid structures in three-dimensional stress state, 

- composed structures, e .g. grid-plates, frame-plates. 

To analyze structures from upper group most often Finite Element method 

is used. 

If it is necessary , total model of the structure may be divided on 

segments. Also it is possible to consider, on the every stage of the 

structure analysis, all external influences and forces. 

3.3. Methods and systems of analysis 

Nowadays in Poland following systems of the Finite Element Method 

programs, are accessible: 

- system STRAINS, 

- system WAT-KM, 

- sys tern OK-MES. 

All those systems have some common features, which may be listed as 

follows: 

- the assumption about small deformations is valid, 

- the linear stress-deformation dependence is valid, 

in the plane systems the bars may be freely connected In the nodes. 

They must be straight and have constant area of the cross section 

between the nodes, 

- m the space systems there it is possible to divide the basic structure 

on bar triangle, rectangular and octagon elements. 

The surface elements should be plane and should have the constant 

thickness. The solid elements are octohedral. 
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The bar elements should have constant cross-sections. Work In all described 

systems, run with few small modifications very similar and generally take 

in the following stages, realized by the separate modulus: 

- the modulus for preparation and introduction of data (most often data 

are introduced using the independent text editors while main program is 

only checking their correctness), 

- the modulus for the static analysis of the plane and three-dimensional 

bar structures (mainly the displacement method is used), 

- the Finite Element Method module used for analyze of the space 

structures, e.g. plates, shells, solids, 

- the dynamic module used for analysis of the structure vibrations, 

- the post-processors used to prepare result of the calculations, 

- the graphical module used for graphical presentation of the results and 

data. 

All upper described systems refers to static analysis of the structures. In 

separate tasks it is necessary to give structure dimensions, material, 

supporting system and loads. There are displacements searched, which are 

calculated from the equilibrium and the elastic equations. After the 

calculations of displacements, it is possible to calculate also the 

deformations, stresses, inner forces and supporting reactions. All 

calculations are computer made. Repeating of the calculations for the 

different load cases is simple and as a result the extreme values are 

received. It is possible on this base, to adjust variable features of the 

structure according to our needs or make its optimization. This way of 

the structure analysis gives the data to the synthesis, but mentioned 

system don't allow for this possibility. 

There are well seen the shortages of those systems, as for instance the 

lack of the dimensioning and drafting modulus. The finite element choice 

is rather poor (e.g. there are no reinforced-concrete or time-dependent 

elements). 

A step forward makes the program named WB-7 made by Industrial 

Designing office in Wroclaw. This system although of many limitations 

successfully connects dimensioning and partial drafting with the static 

calculations. 

What may be done in this sphere it is showing the analysis of the works 

running on the Berkeley University in USA. After more then ten years of 

the researches system of programs called SAP-90 ([4] A series of the 

Computer Program for Static and Dynamic Finite Element Analysis of 

Structures) was developed. 
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This system contains range of modulus realizing upper listed shortages and 

contain features as follows: 

- the modulus realizing the non-linear, material and time-dependent 

analysis of the wide range of the structures including the reinforced and 

the prestress concrete structures. E.g. it is possible to calculate the 

straight and curved frames, plates and the thin shells and also straight 

and curved box-girders, with taking into account non-linear stress

deformation dependence. Last features are possibility of calculation of 

the reinforced concrete plain and the three-dimensional frames, 

- the modulus calculating time effects in reinforced concrete and also 

losses of the prestress. Each combina tion of the partial prestressing may 

be analyzed, 

- to realize those targets, the range of new elements was introduced for 

instance, the reinforced concrete elements, time elements etc. 

Additionally system SAP-90 gives possibility to work in the environment of 

the CAD Systems as for instance AUTO-CAD. It is opening the new 

possibilities as: 

- the possibility of inserting data in the graphics shape, e.g. the space 

model may be graphically prepared and further computer automatically 

generate meshes of nodes and elements. Furthermore the computer itself 

inserts output results to the static or dynamic modulus. Additionally the 

wide range of the independent programs is accessible, which helps to 

generate meshes independently of CAD system. Of course the interactive 

module for hand data processing is accessible. 

- the graphic results output and furthermore dimensioning of the whole 

s truc ture is ac c essible, 

full drafting support exist, and making all drawing computer aided IS 

possible. 

4. Examples 

Some parts of the total designing method processes may be realized USlllg 

the system nowadays existing in Poland. There were interesting results 

received although the limitations of our system. 

As a firs t example, the analysis of the reinforced concrete cooling tower 

shown in Fig. 2a was done. The similar type cooling tower collapsed in 

Poland in 1987. 
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Upper part of the wall-shell fell down. The part which remained is shown 

in Fig . 2b. The detailed post-researches gave possibility to formulate some 

hypothesis about the mechanism and causes of collapse. [5] It was 

es tablished tha t main causes of the collapse were as follows: 

- the post building imperfections of the wall-shell, 

the technological and technical disadvantages referring to the concreting 

process, 

- the very bad quality of technological connections during thge concreting, 

- the des tructive influence of the environment. 

After the detailed analysis of upper listed causes, it was established the 

main reason of collapse. It was the destruction of concrete on the 30 m 

long stripe of shell circumference, caused by long trerm lixiviation of 

cement from concrete. The long slit in the wall created, which basically 

changed the static model of the shell structure. 

This hypothesis was 

verified using computer 

model built in earlier 

described Finite 

Element System Strains. 

This model is shown in 

Fig. 3. 

Fig. 2: a. Typical 100 m high reinforced concrete cooling tower. 
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b. Part of shell-wall remained after collapse . 

.------------- - - --_._._ ._----- ----------

, 
l _ / .;.. 

i I 

~--------
Fig. 3 Finite element model of the cooling tower 
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The calculations were made assuming the wind loads. On the shell wall 

the horizontal slit was modeled, assembling zero for element stiffness. 

Calculations were repeated changing length of slit. 

Results are shown in fig. 4. 

Fig . 4 Displacement of the cooling tower coat shell with horizontal slit 

ul1der the wind loads 

On the base of the upper listed results it was possible to establish the 

limited length of the slit which gave enough value of the displacements co 

cause destruction of the shell. 

As the second example the reinforced concrete beam was analyzed . The 

model of the beam is shown in Fig. 5. 
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There were two cases of beam work analyzed. First case it was analys is 

of rectangular beam without the cracks, as a second the same beam with 

cracks was analyzed . The gained results Fig. 6 were compared with the 

experimental values of Fig. 7. 

G~GB~ r:::=J c::::J c::::J c::::J c::::J c::::J [IJ c::::J C::J c::::J c::::J c::::J r:::=J 
= = = = = = OCI = = = = = = 

B~~~G 
c:..:J c::::J c::::J c::::J c::::J c::::J {I] c::::J C::J c::::J c::::J c::::J r:::=J = = = = = = OlD = = = = = = r:::=J c::::J c::::J c::::J c::::J c::::J !Xl c::::J c::::J c::::J c::::J C::J r:::=J = = = ===010 = ===== 0 = = c::::::::I ~ c:::=J' J:::IIIO = 

; 4.~ !=c,ei= <= 
c::::J c::::J 

c::::J ~ '~/ 
c::::J c::::J c::::J C::J r:::=J 

~~~~ ~ac rai fo r me? nt 

2GBG 
~B~BG 

§§~ ~Q 
§ ~~ C=:J 00 ~ ~~§c==2§ 8~ § §3 c:::J 010 ~ c:::::J§~8o ~~ ~ DD c:::J §§~~Cl 

~~ § §5~ ~ Oic c:::J 

f§~ ~ 010 ~ ~§~~~ ~ Eij ~~ ~ 
displacements 150: 1 

Fig . 5 Model of the reinforced concrete beam. 



Fig. 6a Displacements of reinforced concrete beams: noncracked. 
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Fig . 7 Comparison of experim ent a l and calcula t ed va lues 
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As a third the steel tube chimney was analyzed. There were two main 

tasks of research: one was to establish of the supporting reaction force 

causing durable deformations of the shell, second was to establish 

maximum bending moment to using durable deformations of the supporting 

ring and the shell itself. Both problems may be reduced to one that is to 

establish ultimate support force, fulfilling condition of the second ultimate 

state of deformations. The following assumptions were made: 

- the chimney works as a thin shell structure with reinforcing ring at the 

base, 

- the supporting points are reinforced by stiffening ribbons, 

- the node mesh is condensed around supporting points. For everyone 

stiffening ribbon one triangle element is taken, 

- supporting points were assumed on the edge of the reinforcing ring, 

- the isotropic material (steel) was assumed for all structure. 

The assumed model of the chimney is shown in Fig. 8. 

The model was loaded In two different modes: 

first condensed bending moment was applica ted in the place of the 

support, 

- second axial vertical load was applicated to the upper edge of the shell. 

The calculations were made using FEM system STRAINS on the IBM PC . 

Deformation analysis (Fig . 9) shows that most strained elements are 

elements number 79 and 104 on the second level of the wall. Character 

of displacements distribution shows that about ultimate carrying capacity 

of tested structure deciding are vertical stresses . 

***"lkro-S T R A INS SCH£MAT STATYCZNY -Fl,F2=okno -.nd=exit 

Fig. 8 The FEM model of the steel chimney 



+ 
+ 

+: + 

178 

: ; 

~ ... ~;-.' +.- ' ·· · il ·····: l+~'- · 
T , - .. --.:~ _ 

--f . 

... 
• 

***Mikro-S r R A INS SCHEM~T D£FORMACJI -end=axit 

_ _ ---=·~l~··~ ------. 

, 

- ' - --
Fig . 9 a,b Displaceme .'lt and stresses in the bas ement and walls . 

Lo ad case numb c r o nc . 



'1 

. - 't

.+ 
+ 
• 

+ 

***Mikro-S T R A INS 

179 

- + 
+ 

SCHEMA! DEFORMACJI -end=exit 

Fig . 10 Displacements and stresses in the basement and walls. 

Load case number two . 
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During the calculation process there were seen the limitations of used 

computer program. Mainly they may be listed as follows: 

- it was possible to use in used system STRAINS only 500 finite elements. 

It was enough only to cover the tower coat, by the mesh dimensioned 

6x6 m. Only around the slit mesh had smaller dimensions 0.20xO.2 m. 

Mesh like that was to rare and received results were giving only far 

approximation of reality, 

- there were used only isotropic elements (concrete) to build model of the 

reinforced shell. In the used system there was no special reinforced 

concrete elements, 

- used system isn't connected with dimensioning systems, so it was 

necessary to transfer data by hand. 

Although so many limitations and disadvantages received results are 

witnessing tha t such method of structure analysis has a big future. 

5. Conclusions 

The presented method of the total structural design of structures, lead to 

the wider look at their work. That is way of connection in the system, on 

the same level, methods of structure analysis and synthesis, with the 

possibility of the data exchange. During the process of the structural 

designing it is possible to take into account many new factors and observe 

structure response. Also it is possible to design wanted features of 

structure, e.g. material, shape or ways of reinforcing. Obviously total 

designing is possible only using computers. Growing calculation power of 

computers give good hope about progress in tha t direction. This trend is 

bound to continue. 
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