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Summary 
Recent experiences and wide spread surveys on the quality of building constructions with respect to 
life-time aspects like alterations in the profile of use, deterioration of the quality of the used materi-
als due to fatigue, climatic effects etc. and in many cases a lack of inspection and maintenance led 
to the development of new guidelines for addressing these problems. These guidelines, splitted in 
two parts, one more formal one dealing with general questions and legal aspects, the other laid out 
to give tangible technical information for the engineer doing on site checks to determine the struc-
tural strength of the construction under consideration, are based on a risk assessment concept which 
judges possible failures against possible hazards of the structure, the profile of use and the robust-
ness and ductility of the structure. These concepts are partly elaborated in analogy to the well know 
risk assessment concepts of earthquake engineering. The base for the life-time monitoring is a reli-
able data base of the structural properties in form of a “Project-Book”. For buildings to be con-
structed it is recommended to develop this project-book parallel to the design, for existing buildings 
the relevant data must be gathered, if necessary with on site inspection and material testing. Provi-
sion for the necessary qualifications of the engineer who is doing the checks are made also with 
respect to the question of responsibility when judging and certifying the build infrastructure.  
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1. Introduction 
Collapses of wide span structures through the last years in Germany led to an intensive discussion 
about the principles of quality control systems for building constructions, not only with respect to 
the design- and construction-phase, but also having the question of maintenance, further develop-
ment, improvement and, if necessary, rehabilitation of the construction in mind. The conclusions 
taken from the investigations done in the aftermath of these failures – research of the reasons for the 
structural collapses and widespread survey of the quality of the construction of existing buildings – 
resulted in significant modifications of the quality control systems, especially with respect to life-
time monitoring procedures which are comparable to the procedures known from monitoring of 
bridges [1]. 
 
The reasons for the most tragic failure of the roof of the ice-rink in Bad Reichenhall (Fig.1) in 
January 2006, which is in essence representative for the whole complex of questions, could be 
summarized as deficits in the checking and inspection process during design, erection and use of the 
structure [2]. The actual load situation, the collapse occurs during heavy snowfall, triggered of the 
accident, but it is worth to be stated, that the failure of the roof construction happened at a load level 
significantly lower compared to the snow load assumption for ultimate limit state according to the 
German standard DIN 1055-5:1975 [3] which was, in a provisional version, the design base for this 
building.  
 
Based on this experience, the German Building Authorities elaborated and issued guidelines for the 
monitoring of building constructions [4]. The relevant content of these guidelines, which are in 
many aspects an adaptation of the well known bridge monitoring procedures [1], is: 



 

– Independent check of the design 
and independent survey of the con-
struction phase by an appointed en-
gineer – Prüfingenieur –. 

– Sufficient documentation of the 
technical data for assessing the 
structural quality – Project-Book –. 

– Inspection cycles for different types 
of construction. 

– Inspection guidelines and approval 
requirements for the monitoring en-
gineer.  

 
The following paper will explain the 
proposed inspection and checking 
methods for building constructions [5], 
which were developed after the publi-
cation of the more general guidelines 
of the German Building Authorities 
[4], with reference to the methods for 
bridges and comparable constructions. 
It will also give an outlook for the 

design qualities necessary to allow efficient construction monitoring during the use, maintenance 
and, if necessary, rehabilitation of the structure. 
 

2. Failure Analysis 

2.1 Design Problems 
It can be shown statistically [6,7] that most of the reasons for damages or failures of building 
constructions have their origin during the first steps of the design of these structures. Hence it is 
absolutely necessary to implement control- and check-procedures, which enable the responsible 
engineers to get an independent assessment of the structure on a plausibility base. The following 
three examples try to explain to which extend design deficits are responsible for failures of  struc-
tures. 
 
2.1.1 Roof construction Bad Reichenhall ice-rink  

Fig. 2 gives an overall view about the 
roof construction of the Bad Reichen-
hall ice-rink. The main component is 
a timber girder with a span of about 
40 m and two cantilevers of 4,0 m. 
The girder comprises of two lami-
nated timber webs – Kämpfstegplat-
ten – and compression and tension 
chords of laminated timber. Due to 
material deterioration, chiefly caused 
by humidity and temperature, these 
influences were not addressed prop-
erly in the structural design in 1971/ 
1972, one girder failed during snow-
fall in January 2006. The stiffness 
and the load-bearing-capacity of the 
cross-beams, which form together 
with the main girders a grid-structure, 
led to a redistribution of the roof 
loads to the adjacent main girders 
with the consequence of overloading 

these elements also. The complete collapse of the structure was therefore inevitable. As previous 

Fig. 1 Collapsed roof-construction of the  
           Bad Reichenhall ice-rink 
 

Fig. 2 System of the Bad Reichenhall roof construction 
 



 

mentioned, the snow load causing the structural failure was below the ultimate limit state value 
where the design of the structure was based on.  
 
During the design phase, the decision to develop a type of construction which was not in line with 
the relevant technical specifications was made. Also there is no evidence, that this design was sub-
mitted to a Prüfingenieur for approval. This led to the following consequences [2]: 
– The construction of the main girder with a height of the web of 2,87 m was not covered by the 

approved technical specification. The height of the web – Kämpfstegplatten – was limited in the 
specifications to 1,20 m. 

– The verification of the laminated timber chords of the main girder was not done by taking the 
limiting condition on the tension-stress in the centroid-axis of these elements into account. 

– The reduction of the load-bearing capacity of the timber elements due to finger-joints was not 
analysed. 

– The urea-resin-based glue used was not resistant enough to withstand the exposure due to 
changing humidity and temperature as it is typical for covered ice-rinks. 

By having had an independent check of the construction, the first three issues would have been 
dealt with. The forth, exposure-related aspect was during the design of the roof construction not 
known in all its importance. Major research on building-physics and -climate was done later.  
 
2.1.2 Stability failure of a cylindrical shell-construction  
 
During first filling of the annular passage of a silo-construction made of corrugated steel sheets, the 
inner cylinder of the concentric assembled shells failed in buckling owing to membrane compres-
sion forces (Fig. 3). After checking the structural analysis, the reason for this failure was identified 
in deficits therein. Beside the fact, that the partial safety factor for the actions was assumed in the 
calculation to unity, the complex geometry of the corrugated panels was reduced to a simple rectan-
gular cross-section with identical elastic properties in circumferential-bending without paying 
attention to the fact, that the ideal buckling load of such structures is substantially influenced by the 
bending-stiffness rectangular to this direction, which is only about 1/200 of the circumferential 
property, and also by the stiffness against normal-forces, which depends only on the actual cross-
section [8,9].  

It can be shown by using a conserva-
tive approach to accommodate the 
well known solution for isotropic 
shells to the problem discussed here, 
that the simple solution chosen in the 
design of the shell under circumferen-
tial membrane compression, as de-
scribed above, will lead to an over 
assessment of the ideal buckling load 
at least by a factor of  7. The compari-
son of the ideal wall thicknesses re-
sulting out of the two methods (Equ. 1 
and 2) shows the dimension of the 
error linked to the pure circumferen-
tial view on the problem. For typical 
corrugated steel sheets the critical me-
chanical properties are about: 
– Wall-thickness: 5 mm to 7 mm 
– Moment of inertia: 2,2 cm4/cm to 

2,8 cm4/cm 
 

– Average angle of inclination of the corrugation: 320 
– Pure circumferential bending: 
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Fig. 3 Inner-shell after stability collapse 
 



 

– Biaxial load-bearing-behaviour: 
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J … Moment of inertia in circumferential direction 
b … Width of the ring 
t … Thickness of the corrugated sheets 
α … Average angle of inclination of  the corrugation 
 
In the construction of the corrugated shell there was also no provision for the eccentricities and the 
flexibility of the bolted connections of the single panels. Both factors will influence the stability of 
the construction under compression by a degree which is not to be neglected. Especially the ques-
tion of slip in the connection must be addressed to make sure that the geometry assumptions of the 
relevant design-procedures [9,10] are met.   
 
2.1.3 Fatigue failure of noise-shield-systems along high-speed railway tracks 
 
Within three to four month after starting high-speed railway traffic on a new route in Germany, the 
noise-shield-system showed severe damages of the aluminium panels due to repeated aerodynamic 
excitation caused by the moving trains. Fig. 4 illustrates the strain in the elements of the noise-

shield comprising of vertical steel 
poles – hot-rolled profiles HE 160 A – 
and aluminium panels in between the 
vertical elements, bearing in mind, that 
the horizontal deflection of the vertical 
poles with a height of 5,00 m above 
rail-level is about ± 70 mm and the 
additional deflection of the aluminium 
panel is ± 20 mm.  
 
The design of the complete construc-
tion of the noise-shield was in line with 
the relevant standards issued by the 
German Railway [11,12]. In addition to 
the calculation taking the maximum 
wind situation – 50-years maximum – 
into account, provisions for the aerody-
namic excitation in terms of an equiva-
lent static load pattern were obeyed. As 
some details of the aluminium panels 
could not be judged by calculation only, 
approval tests according to [12] were 
done. The elements used along the new 
route passed the tests successfully.  
 
The research done after the first 
failures of the aluminium elements led 
to the following results: 
– The velocity pressure initiated by 

the moving train corresponds to the 
data in the relevant standard [11] 
and is in line with information 
which can be taken out of the fun-
damental research report [13] of the 
European Rail Research Institute. 

– No specification to take the dy-
namic response behaviour of the 

Fig. 4 Deformation of noise-shield-systems due to 
           aerodynamic excitation 
 

Fig. 5 Aerodynamic action on noise-shield-systems 
           along high-speed railway tracks  
 



 

noise-shield into account is made in the standards [11,12]. 
– The definition of an equivalent static load pattern is not sufficient to take care for the dynamic 

effects on the structure. Shock spectra developed on the base of an artificial load pattern (Fig. 5) 
for the aerodynamic excitation due to moving trains with a velocity of 300 km/h [14] show that 
dynamic magnification factors for the counteracting double pulse excitation, as a function of the 
frequency of the noise-shield construction, up to 4 are possible. 

– One train passage will result in 10 to 15 fatigue-equivalent load cycles. 
– Fatigue-limit-state-functions for the materials and components in use are not for all relevant 

aspects available. For instance no fatigue data for riveted aluminium constructions are defined in 
EN V 1999-1-1:2000 [15], or the question of bond of concrete reinforcement is not addressed in 
DIN 1045-1:2001 [16] or in EN 1992:2005 [17]. 

 
This example shows legible that even if specifications in standards are available and even if ap-
proval tests on components are done, there is always the requirement to check whether the bound-
ary conditions for these specifications are valid in the actual case. 
     
2.2 Execution Problems 
Pure workmanship and insufficient supervision in workshops and on building sites may result 
during execution in serious deficits of the structural strength of building constructions. These 
problems can only be tackled by a design which can be put into practice and by an independent 
system of checks on the site and in the shops. The consequences of not having the mentioned 
quality assurance mechanisms working will be discussed in the following two examples.     
 
2.2.1 Welding Inspection  
The structural strength of welded steel construction relies in many aspects on the quality of the 
execution of the connections. Beside the adequate choice of the materials to be connected the 
detailing of the node-point is of major importance for guaranteeing the required structural properties. 
Fig. 6 shows the execution deficits of a node-point – intersection of a circular truss diagonal with 
diameter 200 mm and the web of the truss post – after replacing the already installed truss by a 
modified girder.  
 

The problems recognizable in Fig. 6 
can be traced back to the design phase 
of the construction. Having in mind 
that the axial force in the diagonal is 
about 6 MN, and realizing that the 
geometry of the node-point is of such a 
complexity that the designer was not 
able to produce explicit and sufficient 
information how to do the welding on  
the corresponding drawings, it is hard 
to understand that the construction was 
issued for production. The solution 
realized by the left alone welder, who 
improvised with means available in the 
workshop, for instance the gap be-
tween the circular diagonal and the 
hole cuted into the web was filled with 

little metal strips instead of developing an intact full penetration weld, is the consequent result of 
the deficits in the design process. This example is also typical for node-point designs in welded 
constructions without taking the requirements of welding inspection into account.  
 
This node-point illustrates the importance of proper detailing in the design phase and subsequent 
checking of the design by independent specialists – with respect to load-bearing capacity as well as 
to practicability – to allow the workshop or the site to realize the structure in such a way as it was 
planned and to follow the guidelines for welding inspection  [18,19] to assure the structural strength 
of the node point.  
 

Fig. 6 Welding problems in steel constructions 
 



 

2.2.2 Reinforcement and Concreting 
 
Comparable problems arise in reinforced concrete construction in the case of insufficient detailing 
of the layout of the reinforcement. Fig. 7 shows an example were there are a lot of conflicts within 
the reinforcement – 22 bars diameter 20 mm underneath a steel bearing plate 600 mm x 600 mm x 
50 mm – and between the reinforcement and the stud shear connectors welded to the bearing plate. 
Taking into account, that the adjacent slab comprises out of precast-concrete-elements with in-situ 
concrete, the difficulty to produce a well compacted reinforced concrete node-point underneath the 
bearing plate, which has no provision for de-aeration, is obvious. To avoid these problems, which 
usually occur were the forces and moments in the structure are large, the co-ordination between the 
parties concerned is essential.    
 

If the structural boundary conditions 
are in such a way, that a high degree 
of reinforcement is inevitable, provi-
sions for the correct positioning of the 
reinforcement, for the possibility of 
pouring and compacting the concrete 
without any problems are to be made. 
In this context it is also essential that 
the design is in such a way that the 
building site is in the position to real-
ize the required concrete cover to 
guarantee the necessary robustness of 
the structure.   
 
As the experience on building sites 
shows, these requirements are in most 

cases only met if an independent quality management system, which has no economic constraints, 
is installed.  
 
3. Check and Assessment Concepts 

3.1 Design Phase 
In Germany, the design phase for most of the building constructions is accompanied by a sovereign 
check and assessment procedure. By order of the building authorities this task is done in most of the 
cases by officially recognized Prüfingenieure. Prüfingenieure are approved by a certification body 
allocated at the state-ministries for buildings for three different fields of constructions: 
– Concrete-, Reinforced Concrete-, Prestressed Concrete- and Masonry-Constructions 
– Steel- and Aluminium-Constructions 
– Timber-Constructions. 
The check and assessment of glass-constructions and of soil-problems may be done by the Prüfin-
genieur doing the work on the main construction described by the above mentioned basic construc-
tion principles. 
 
The check and assessment is done on the base of the official recognized standards and it is restricted, 
in concurrence to the legal instructions, to verify a sufficient load-bearing-capacity of the structure. 
Serviceability limit states are only covered by this independent third party check if these limit states 
may lead to stability or load-bearing problems of the structure, for instance deflections of a light 
roof construction made out of trapezoid corrugated thin walled steel panels due to water-sacking.  
 
Even if there are no in all aspects reliable statistics about the number and the severity of design mis-
takes detected by the sovereign check and assessment procedure, the high quality standard of the 
constructions and the small number of accidents give evidence for the functioning of the sovereign 
quality management system. 
 
To allow a frictionless operating of this system, it is fundamental that the Prüfingenieure are inde-
pendent in their technical judgement, independent with respect to economic consequences their 

Fig. 7 Insufficient detailing of reinforcement 
 



 

decisions will have and independent from directives from the project developer. This is guaranteed 
by the sovereign concept in which the Prüfingenieur is working solely for the building authorities. 
Any privatized alternative – the Prüfingenieur works direct for the project developer – will lead to 
conflicts of interests with the possibility of compromises against the primacy of safety.   
 
3.2 Execution Phase 
Up to now the check of the execution phase of building construction in Germany is not harmonized 
by the individual countries. The lesson taken from the recent failures of building constructions and 
from experiences over the last four decades in scaffold- and falsework-construction [20], where a 
check by the Prüfingenieur is compulsory when erected for building bridges, demonstrate clearly 
the necessity of extending the independent check principles beyond the design phase to cover also 
the execution phase. Hence even in the countries which are up to now without the legal liability of 
doing on-site-checks by the Prüfingenieur, the legal base of the work of the Prüfingenieur will be 
widened in the future to make sure, that the execution of every new building construction is 
checked by this mechanism. The remarks developed above concerning the necessity of a technical 
and economic independent base for doing these checks successfully are valid here also. 
  
4. Life-time Monitoring Concepts 
The failure of the roof construction of the Bad Reichenhall ice-rink added another aspect to the 
discussion concerning building safety, the aspect of life-time monitoring to detect structural deficits 
before failure occurs. The legal base for this concept was elaborated by a working-group at the 
Bavarian Ministry for Interior Affairs [4], the necessary technical specifications and explanations 
will be given in [5].  
 
The essential news in this concept is, that the owner of a building construction is explicitly advised 
that he has to install a life-time monitoring procedure to assure the quality and structural strength of 
its building. In [4] there is a distinction of building constructions in two categories: 

– Category I: Event-arenas with a 
capacity of  more than 5000 per-
sons 

– Category II: Building construc-
tions with more than 60 m height, 
spans larger than 12 m or other 
more exposed constructions 

 
To allow for a more detailed and 
problem-related differentiation with 
respect to the profile of use of the 
building construction and to take, in 
analogy to the well known procedures 
of earthquake-engineering [21,22], 
the structural properties and their ef-
fects for the risk assessment into ac-
count, there are specifications devel-
oped in [5] with respect to the typical 
use (Table 1), to the possible hazards 
resulting from the construction (Table 
2) and to the structural behaviour in 
case of failure (Table 3) which will 
help the responsible engineer to judge 
the situation sufficiently and to elabo-
rate a project-specific life-time moni-
toring concept based on the general 
structure of inspection-depth and time 
intervals defined in [4]. This structure 
is defined, as a function of the pre-

vious explained building categories and construction types, as follows: 

 
Table 1 Profiles of use for building constructions 

Profile of Use Description 
A Residence, Commerce 
B Event Locations, Department Stores 
C Productionfacilities 
D Plant Construction 
E Energy Distribution 
F Special Use  

 
Table 2 Hazard-classes for building constructions 

Hazard-Class Building Construction/Use 

I Building constructions of minor importance for 
public safety, i.e. constructions for farming etc. 

II Usual building constructions not fitting in the other 
hazard-classes, for example residence buildings 

III 

Building constructions with great importance con-
cerning their resistance and the consequences of 
structural collapses, for example large residence 
buildings, administrative buildings, schools, event 
arenas, cultural facilities, departments stores etc. 

IV 

Building constructions which structural integrity is 
of major importance for the protection of the gen-
eral public, for example hospitals, important facili-
ties for the civil protection units, the fire brigades, 
the security forces, etc.  



 

– Simple Review within intervals of  1 to 3 years by the owner, 
– Inspection within 2 to 5 years by a specialist, 
– General Check within 6 to 15 years by an appointed expert. 
 
In [4] also emphasis is laid on the fact, that, to implement life-time monitoring concepts, it is 
fundamental to have a sufficient documentation of the building construction, of its possible al-
terations and of its profile of use during life-time. For monitoring bridges according to [1] the 
documentation in form of a “Bridge-Book” proved reliable for all the necessary purposes. Hence in 
[4] the drawing up of a “Project-Book” is recommended. For building constructions in the design-
phase this project-book should be elaborated parallel to the preparation of the execution drawings 
and calculations, for existing buildings it will be inevitable to develop such a documentation out of 
the technical records if available. If there are no reliable information on the building construction, 
the relevant object data to judge the structural strength of the construction considered must be 

redefined by inspections on site. 
These inspections may have a re-
markable volume and, in many cases 
it will be necessary to gain informa-
tion by material analysis and on site 
testing.   
 
In [4] also qualification requirements 
for the different stages of inspection 
(see above) are made. The Simple 
Review can be done by the owner of 
the building alone aiming to detect 
obvious problems like humidity, 
cracks etc. The Inspection must be 
done by an engineer with in mini-
mum five years of practice in design-
ing buildings of the construction type 
concerned. During the inspection a 
more detailed picture of the structural 
strength should be gained by visual 
means. The General Check must be 

carried out by engineers with a special qualification for that purpose. An engineer with this level of 
qualification must have among others, a practice of in minimum ten years in designing structures. 
He has also to show, that he has designed structures of a complexity significant above the average. 
For instance Prüfingenieure are qualified in their field of construction types (see above) for doing 
the General Check.  
 
The concept developed in [4] and [5] as an effect of recent experiences gives, by introducing 
reasonable, risk-orientated stages,  appropriate guidelines for checking and valuing the build infra-
structure. In this context it is worth to be mentioned that the responsibility assigned to the engineer 
doing the checks in the different stages is extraordinary. He has to decide whether the building can 
be used without any restrictions or whether maintenance, improvement or rehabilitations measures, 
with all their economic consequences, are necessary. 
 
5. Final Remarks 
Lessons taken from failure analysis and from experiences made during check and assessment of 
building constructions led to further development of the control mechanisms for the build infra-
structure in Germany. Beside the fact that the check and assessment for the execution phase of 
building constructions is deepened by making it compulsory for the Prüfingenieur to do independ-
ent on site checks on a sovereign base, a new concept for life-time monitoring was implemented. 
This concept follows directly out of the successful and by the German Building Authorities 
confirmed check and assessment procedures for the design of the structures. By realizing this 
concept, the owner of a building is responsible for guaranteeing the structural strength of its 
building by assessing it in defined time-intervals and correlating inspection methods. As this life-
time monitoring can’t be done by the owner in most cases, engineers with special qualifications will 

 
Table 3  Robustness-classes for building constructions 
Robustness- 

Class Building Construction/Use 

1 

Static-determined systems;  
Systems sensible to imperfections;  
Brittle material behaviour;  
Pure elastic load-deflection characteristic; 

2 
Static-indeterminate systems with sufficient ductil-
ity; 
Elastic-plastic load-deflection characteristic; 

3 

Building constructions with a high degree of redun-
dancy; 
Plastic load-deflection characteristic; 
Error tolerant systems; 

4 

Building constructions with active monitoring sys-
tems; 
Building constructions designed taking the partial 
failure of parts or components into account;  



 

have the duty to do this and to take over the responsibility from the owner.  
 
The base for a purposeful inspection is a sufficient and reliable technical documentation of the 
structural properties of the building construction under consideration. For constructions to be build 
it is strongly recommended to elaborate a project-book as a consequence of  the design, for existing 
buildings it might be necessary to undertake the task to establish such a documentation by doing 
detailed inspections and tests on the construction. The necessary inspection procedures are 
orientated on the typical use of the building construction, the possible hazard if failure occurs and 
the structural ductility and robustness.  
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