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A System Approach to the Study of Structural Failures

Methode pour l'etude systematique des sinistres des constructions

Ein systematischer Ansatz zur Untersuchung von Schadenfällen an Tragwerken

L C. P. YAM
Head, Structural Design Division
Building Research Establishment
Garston, UK

A.C. WALKER
Professor of Experimental Mechanics
University of Surrey
Surrey, UK

SUMMARY
The British building control system is described and some weaknesses discussed on the basis of detailed
analysis of building failures and observations made on construction sites. Building control Systems of
various countries are studied and common principles identified for the development of a System Model.
A simple table is proposed to describe the System Model and the relations between failure data and

Systems are discussed for Britain, France and the Federal Republic of Germany.

RESUME
On presente le Systeme utilise en Angleterre pour le contröle des constructions. Sur la base d'une etude
detaillee de quelques sinistres ainsi que sur celle d'observations faites sur les chantiers, on montre les
faiblesses du Systeme. Les systemes de contröle de differents pays sont compares. On a resume les
proprietes communes aux systemes qui pourraient servir de base ä un Systeme modele. Enfin, on propose
un tableau simple, qui permet d'etablir rapidement les relations entre les dommages et le Systeme de
contröle. La discussion du tableau a ete faite pour l'Angleterre, la France et la Republique Federale
d'Allemagne.

ZUSAMMENFASSUNG
Das britische System der Baukontrolle wird beschrieben. Aufgrund einer eingehenden Untersuchung
von Schadenfällen im Bauwesen und Beobachtungen auf Baustellen werden einige Schwachstellen dieses

Systems aufgezeigt. Kontrollsysteme verschiedener Länder werden verglichen und gemeinsame
Merkmale für die Entwicklung eines Modells zusammengestellt. Schliesslich wird eine einfache Tabelle
vorgeschlagen und die Beziehungen zwischen Schaden-Kenndaten und Kontrollsystem für England,
Frankreich und die Bundesrepublik Deutschland werden diskutiert.
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In preparing this paper the authors were well aware that the seminar would

be attended by engineers from nearly 20 countries experienced in structural
safety. Advantage is therefore taken of this opportunity to discuss two

topics : Comparison of existing methods of quality assurance (QA) in various
countries and evaluation of QA, as illustrated by the British model.

Evaluation of the British system of building control

There are no acceptable methods for the evaluation of QA Systems but identi-
fying what went wrong is a valuable starting point. Study on building
failures (collapse and unserviceability) has indicated what went wrong that
led to failure but could not uncover faults that did not matter at the time
because of over-design or another fault. Hence it is important to study in
parallel the processes of design and construction to identify what went

wrong and in particular how much was not put right in the completed building.
Since the construction phase is more critical in the sense that design faults
can be revealed and there is considerable pressure to meet deadline, a study

on site Observation is presented here.

Figures 1 and 2 show the weaknesses in the system and team (Organization of
human activities) respectively and Figure 4 shows the various stages and

processes in the building process together with the British system of control.
The remedial measures are suggested in Figure 3« These diagrams are based

on the results of a recent detailed study by BRE on 120 building failures in
the UK.

A separate study was recently undertaken by BRE to observe problems arising
during construction which were considered to affect the Standard of quality.
The study covered 27 sites involving contracts ranging in value from £100,000

to £12M and about 500 incidents were recorded where the relevant personnel
had to pause in their work to consider the rightness of what was being built.

Figure 5 shows the causes of these incidents (also called quality-related
events) and the extent to which the related problems were solved successfully.
Figures 6 and 7 compare the extent of consultation among personnel between

two sites (site with lowest and highest Standards of construction).

Some conclusions are similar in nature to those of the failure study. Thus,

the Standard of construction depended very much on the quality of project
information from the designer and workmanship problems were caused predominantly
by lack of care on the part of tradesmen rather than by lack of skill or
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knowledge. One Observation made here but could not be made in the failure
study is that a number of serious quality problems were identified but not
solved, mainly because of the lack of authority of the client's quality
Controller (clerk of works). Furthermore, quality Standards were found not to
rely significantly on formal checking and acceptance or rejection of completed
work.

Comparison of Quality Assurance Ejystems

The formal application of quality assurance to engineering construction is
relatively new and work in this field on an international level was undertaken

only in recent years. The primary objective of the work (by JCSS and CEB)

was to promote structural safety but it is increasingly clear that the work

has played two further roles. Firstly it has stimulated a closer examination

of a wide ränge of activities in the overall building process. Secondly its
Output is expected to provide a basic framework of reference for harmonization

of international construction. So far harmonization has concentrated on

products and Standards which have the least interrelation with other elements

in the.building process. Having now reached a saturated point, harmonization

could not go much further until quality assurance procedures are at least
better understood.

In the course of its work on quality assurance, CEB (Commission i) has

identified a priority area : a comparison of the status quo of QA methods

actually used in various countries. It has been suggested that a simplified
table be prepared and tentative entries made for iterative corrections by the

relevant experts. Figures 4 and 8 are the result of this Suggestion and it
is hoped that improvements will be discussed in this seminar.

FIGURE 1 : WEAKNESS IN SYSTEM pkuhe 2 WEAKNESS IN TEAM

% of Total Cases

0 20 0

% of Total Cases

25 50

Lack of engineer with
overall responsibility

Failure of Communication

Lack of Coordination

Lack of Control &/or
checking Procedures

s
£
7,

2
M

^

Absence of Person with
overall Authority
Project Leader or
Struct. Designer

Draughtsman

Quantity Surveyor

Clerk of Works

Contractor (Head Office)

Contractor (Site Office)

Contractor (Workmen)

^Mmm.

I



MEASURES TO MINIMIZE RECURRENCE

% of Total Cases

0 25

Responsible Project Leader

Better Education on
Structural Mechanics
Precise Definition of
Responsibility
Appointment of Engineer

Appointment of Site Staff

Checking of Design Concepts

Improved Quality Control

Financial Penalties

Tenders for Unusual Work

Check Lists

Systematic Procedures

Better Updated Codes

Stating Limits of Validity
of Codes

Research

State of Art Report

Methodology

O

2
S

G3

S

Jesign

S-2S0-Construction

COMPARISON OF BUILDING CONTROL SYSTEM

Stages E» Processos Control Methods
Controlling Authority

England & Wales Germany France

Brleflng

Design

Ideahzanon

Calculation Building Regulations
Er Acts

Cenirel Government &
Parlioment

Land Ministry ft
Parlament

Central Government
IDecreos Er Orders),
Laws (Parlament)

Codes Fi Standards Standards Organization
(BSD

Standards Organization
(DNA! Er Engineering
Association (VDI)

Mixed Committees

Checking Local Authority Building Authority Insurance Companies

Project Information

Selection
Materials Components
Techniques

Standards
Product Approval

BSI DNA. VOI
Building Institute

Mixed Committees
CSTB

New Products Agrement or General
Approval

Agrement Bourd Building Institute CSTB

Construction Codes Er Standards
Quality Control

BSI

i Industry
DNA, VDI
Industry & Olficial
Tosung Stations

Mixed Committees
Insurance Companies

Inspoction Locol Authority Bullding Authority Insurance Companies

Completion Final Inspection Local Authority Bullding Authority Insurance Compnnies

Use & Maintenance

Controlling Authority
Stages & Processes Control Mathods

Scandlnavia Netherlands

Briefing

Design

Idoalization
Calculation Building Regulations

fr Acts
Control Government
Parhomont

Local Authontios IBylaws) 6
Parhament

Codes Er Standards Engineering Association« Association of Engmoors

Checking Local Government Locol Auifiontv

Project Information

Selection
Materials Components
Tochniques

Standards
Product Approval

Engineering Associations
Standards Organizations

Standards Organization INNI)
Oflici.il Approvol Authority IKOMOl

New Products Agrement or General

Approval
Control Government KOMO

Construction Codos 6 Slondords Engineering Associations Association of Engmoors

Quiilily Control Industry KOMO

Inspection Local Govommont Locol Authority

Completion Final Inspection Local Government Local Authority

Use Er Maintenance



Number of quality -related events

' Lack of skill

Lack of care

Lack of knowledge

Poor planning by
tradesman

Contractors Orß&nisatior
problem

No protection of
completed work

No co Ordination of
design

Difficult to build

Design will not work

Unclaar/missing
project information

Low quality design

Designer not
understanding materials

Other

_:; i i i i i

1 1

pII 1 1

1
I
1

¦ 1 II

1 1

S c ¦1 1 1

J? 1 1

ii HE 1
¦

1 1

II
No Solution m

Unsetisfactory Solution VL'-A'.. !\

Sstisfactory Solution 1 1

Unresolved at time 1 1

of Visit 1 1

QRE number 5 10 15 20 25 30 35
i i

Who dealt with query

Architect D
Clerk of works

Site agent HI
Tradesman

Who or what was consulted

Clerk of works D
Site agent

Tradesman

Design office

Architect
i

D

D
°

Drg/spec

No-one II :-:* II 1 1

Ext agency 1 1 1 1 i

PIOURE 6 : Pcnonncl involved with die quulity rtUted «venu (QREs) observed
on a 'non-consullltivc' Site Quality stunduth were generally poor

Architect

Clerk of works

Site agent

Tradesman

Clerk of works

Site agent

Tradesman

Design office

Architect

Drgs/spec

No-one

Extagency

1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 l 1 1 l

Who dealt with the query

1 1 1 1 1 1

1

D U

Who or what was consulted

] ° DblftP DD

^D Ü°D 0
n

D

1 1 1 1 1
[ 1

i i i i i i

<
>

>
p

>rA



1018 STUDY OF STRUCTURAL FAILURES

FIGURE 8
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