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Publieke 
administrasie en die 
siviele ingenieur 

In die verle<le het 'n mens dikwels die klagte gehoor dat die hoogste 
posisies in die staatsdiens en in die parastatale ingenieurs-verwante 
instansies aan nie-ingenieurs gegee is. In baie gevalle was dit diegene 
wat van die klerklike, bedryfs-en rekeningkundige beroepegekom het 
wat die toppunt bereik het en die beheer gehad het. Die klagte word 
deesdae maar seide gehoor en die meeste van die top posisies in 
ingenieurs-verwante instansies, waarskynlik met behulp van die Wet 
op Professionele Ingenieurs, word detJr ingenieurs oek,lee. Ons tel 
etlike direkteurs-generaal onder ons kollegas en ons kan tereg op 
hulle trots wees. 

Die vlak van vertroue wat in ons profeSSie getoon word, bring ook 'n 
verantwoordelikheid mee - die verantwoordelikheid van be­
kwaamheid in publieke administrasie. 'n Groot persentasie van ons 
6 700 lede (studente uitgesluit) is staatsdienswerknemers. Baie van 
hierdie staatsdienswerknemers beklee administratiewe posisies; dit 
wil s~ hulle is nie 'agter die tekenbord ' nie. Hulle word in senior be­
stuursposisies in munisipaliteite, streekdiensterade, plaaslike gesond­
heidsrade en provinsiale en sentrale regeringsinstellings gevind. Dit is 
hierdie amptenare, ons senior kollegas, wat vir die gebruik van die 
hulpbronne van ons land verantwoordelik is, en veral vir die effektiewe 
en doeltreffende gebruik van professionele ingenieursmannekrag. 

Suid-Afrika, mel al sy ander probleme, kan nie bekostig dal sy 
beperkte ingenieursmannekrag op enige wyse anders as optimaal 
benut word nie. Wanneer die probleem van die tekort aan ingenieurs 
aangespreek word, is een van die strategiee tot die beskikking van die 
senior administrateurs wat deur die tekort geraak word, die beter 
benuttin'g van huidige personee!. Dit beteken nie net die motivering van 
ingenie.urs om harder te werk nie; dit beteken die herevaluering van 
doelwitte' en mikpunte en dat werksprosedures dan gevestig word 
sodanig dat 'n minimum aarjtal professionele personeellede nodig is 
oni 'die doelwitte van elke instansie te bereik. Beter bestuur, en veral 
beter publieke administrasie, ka~ 'n rol speel in die verligting van die 

, probleme wat deur die teko~t aan, 'professionele ingenieurs veroor­
saak word. 

Publieke administrasie, wat die prosesse van beleidformulering en 
doelwitstelling, finansiering, organisasie, personeelbestuur, die neerle 
van prosedures en kontrolering behels, is normaalweg nie 'n vaar­
digheid wat in die werksomstandighede van die tegniese ingenieurs­
wese opgedoen word nie. Administrasie, en veral publieke adminis­
trasie, is 'n vaardigheid wat oorgedra moet word deur diegene wat dit 
verstaan , en geleer moet word deur diegene wat dit nie verstaan 
nie. 

Alhoewel dit nie 'n 'wetenskap' is nie, word publieke administrasie 
deesdae as 'n vak herken wat wetenskaplik geleer kan word. Daar is 
departemente van publieke administrasie by onder andere die Univer­
siteite van Stellenbosch, Pretoria, Port Elizabeth, die Oranje-Vrystaat, 
Kaapstad en Durban-Westville, waar beide voltydse en deeltydse kur­
susse aangebied word. Volgens alles wat mens hoor, skryf min siviele 
ingenieurs vir hierdie kursusse in . Dit is tyd dat die Instituut die feit 
erken en bevorder dat bekwaamheid in bestuur in die algemeen en in 
publieke administrasie in die besonder vir die meeste van sy Ie de net 
so belangrik as tegniese bekwaamhied is. 

o W M Watson, Port Elizabeth-tak 

THE CIVIL ENGINEER in South Africa - June 1990 

VIEWPOINT 

Public 
administration and 
the civil engineer 

In bygone years the complaint was oNen heard that the top jobs in the 
public service and in the parastatal engineering-related institutions 
went to non-engineers. In many cases it was those who came from the 
clerical, operating and accounting occupations who made it to the top 
and held the reins of power. In recent years that complaint has seldom 
been heard and engineers, possibly with the assistance of the Pro­
fessional, Engineers Act, hold most of the top jobs in engineering­
related inshtutions. We count several directors-general among our 
colleagues and can be justly proud of them. 

The level of confidence and trust that is shown in our profession 
brings with it a responsibility - that of competence in public administra­
tion. A large proportion of our 6700 members (excluding students) are 
public sector employees. Many of these public sector employees are in 
administrative positions; that is to say they are not 'at the drawing 
board'. They are to be found in senior management positions in 
municipalities, regional services councils, local health boards and pro­
vincial and central government institutions. It is these officials, our 
senior colleagues, who are responsible for the use of the resources of 
the country, and in particular for the effective use of professional 
engineering manpower . 

South Africa, with all its other problems, cannot afford to have its 
limited engineering manpower used in any way other than optimally. 
When addressing the problem of the shortage of engineers, one of the 
strategies open to those senior administrators who are affected by the 
shortage is the better utilization of existing staff. This means not only 
motivating engineers to work harder; it means re-assessing goals and 
objectives and then establishing work procedures such that a min­
imum number of professional staff are required to attain the goals of 
each institution. Better management, and in particular better public 
administration, can playa part in alleviating the problems caused by 
the shortage of professional engineers. 

Public administration, which comprises the processes of policy­
making and goal-setting, financing, organization , personnel manage­
ment, setting of procedures and controlling, is normally not a skill that 
is acquired in the technical engineering work environmen.t. Adminis­
tration, and particularly public administration, is a skill that has to be 
taught by those who understand it, and learnt by those who do not. 

Public administration, although not a 'science', is these days 
recognized as a subject that can be taught scientifically. There are 
departments of public administration at, inter alia, the Universities of 
Stellenbosch, Pretoria, Port Elizabeth, the Orange Free State, Cape 
Town and Durban-Westville, where both part-time and full-time cour­
ses are run. By all accounts, few civil engineers enrol for these courses. 
It is time the Institution recognized and promoted the fact that com­
petence in management generally and public administration in par­
ticular is just as important as technical competence for most of its 
members. 

o M W Watson, Port Elizabeth Branch 
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BRIEF AAN LEDE 

Beeld en status: Die 
belangrikheid van 
materiele vergoeding 

As daar ooit 'n saak was wat in groot besonderhede en oor 'n lang tyd­
perk deur die ingenieursprofessie bespreek is, is dit die beeld en status 
van ingenieurs. Individue het hulle menings uitgespreek, subkomitees 
het die saak ondersoek, Takke het vergaderings aan bespreking van 
hierdie onderwerp toegewy, die Uitvoerende Komitee het aan­
bevelings oorweeg en stappe gedoen en die Raad het standpunte en 
beleidsrigtinge geformuleer. En die saak woed steeds voort! 

Aangesien die beeld en status van die ingenieur elke lid van SAISI 
raak, bestaan daar diep kommer oor die feit dat al die aahdag oor die 
jare heen nie na 'n bevredigende verbetering gelei het nie. Een van die 
redes hiervoor is die aard en kompleksiteit van die saak, wat dr Hennie 
de Clercq in die Junie en Julie 1988-uitgawes van die Joernaal beskryf 
het. Boonop is dit moontlik dat die werklik kritiese vraagpunte nie aan­
dag geniet het nie. 

In Augustus 1988 het UK 'n memorandum van die Pretoria-takoor­
weeg waarin gemeld is dat die lae inskrywing van siviele ingenieurs­
studente by universiteite 'n teken was van 'n dreigendemannekrag­
krisis - wat aan die swak beeld en lae status van die professie toege­
skryf kon word. Die boodskap van Pretoria was hard en duidelik en 'n 
subkomitee van UK is aangestel om inligting oor die saak by te werk en 
aan UK terug te rapporteer. Oaar is gevind dat die persepsies van beeld 
en status wat voorheen gehuldig was, basles nog geldig is. 'n Nuwe 
aspek wat na vore gekom het, was die veel hoer waarde wat deur 
jongmense aan materiele vergoedinggeheg word wanneer hulle 
loopbaankeuses maak. Oit is nie verbasend as die ver­
dieningspotensiaal van ingenieurs gedurende die vroee jare na 
graduering in ag geneem word in vergelyking met die werklike koste 
daarvan om met 'n huis te begin en met die gepubliseerde inligting oor 
beter vergoeding in ander professies en beproepe met veellaer pro­
fessionele verantwoordelikheid. Vergoeding in die professie is nou 
veel belangriker in persepsies van beeld en status as ooittevore. 

Oit is'betekenisvol dat hlerdle debatte en besprekings terselfdetyd 
plaasgeyind het as pogings om vergoeding aan akademiese poste in 
siviele ingenieurswese te verbeter ~n die vergoeding van senior poste 
in verskeie open bare sektoriMtansies aan te pas in Iyn met hul pro­
fessionele verantwoordelikheid. 

In 'n poging om verteenwoordigende en betroubare inligting oor 
huidige vlakke van vergoeding insilllele ingenieurswese in te win, het 

'UK dit oorweeg om 'n omvattende opname uitte voer. 'n Tekort aan 
fondse het dit verhinder en daar iS,toe van die klein hoeveelheid inlig­
ting tot die beskikking van UK gebr~ik gemaak. Soos in vorige salaris­
opnames wat deur die Instituut gemaak is, het geen inligting na vore 
gekom oor die topverdieners in die professie - die hoogvlieers nie. Op 
die ou end het UK besluit dat die steekproef nie die huidige situasie in 
siviele ingenieurswese volledig verteenwoordig het nie en die resultate 
is nie vrygestel nle, maar hulle is as motivering gebruik In vertoe tot 
verskeie instansies en owerhede oor die ernstige leemtes in die huidige 
vlak van vergoeding vir die measte sMele ingenieurs in Suld-Afrika. 

Uittreksels uit hierdie opname het sedertdien hul weg tot in die 
media gevlnd en is gebruik om die drlngende behoefte om vlakke van 
vergoeding in die professle te verhoog, te onderstreep. 

SAISI vind homself In die ongelukkige posisle dat hy die een instan­
sie in Suid-Afrika is wat siviele ingenleurs in aile sektore van die 
ingenieursgemeenskap verteenwoordlg - akademici, konsultante en 
kontrakteursen die open bare en private sektore - maar met beperkte, 
indien enige, invioed op vergoedlng In enige sektor. Nieteenstaande 
hierdie beperking hetdle Instituut by baie geleenthedesy diep kommer 
uitgespreek, ook in vert~ tot die Staatspresident. Boonop Is daar met 
die SA Vereniging van Raadgewende Ingenieurs en die SA F.ederasle 

THE CIVIL ENGINEER in South Africa - June 1990 

LETTER TO MEMBERS 

Image and status: The 
importance of material 
rewards 

II ever there was an issue that has been debated by the engineering 
profession in great detail and for a long time then it is the image and 
status of engineers. Individuals have voiced their opinions, subcom­
mittees have investigated the matter, Branches have devoted meetings 
to discussion of the topic, the Executive Committee has considered 
recommendations and taken action and Council has formulated view­
pOints and policies. And still the issue rages on! 

Since the image and status of engineers affects every member of 
SAlCE, there is a deep concern that all the attention over the years has 
not resulted in a satisfactory improvement. One of the reasons for this 
siate of affairs is the nature and complexity of the issue, described by 
Dr Hennie de Clercq in the June and July 1988 issues of the Journal. In 
addition, the real critical issues may have escaped attention. 

In August 1988 Exco considered a memorandum from the Pretoria 
Branch in which the low intake of civil engineering students at univer­
sities was reported to signal an impending manpower crisis - attribut­
able to the poor image and low st:ltus of the profession. The message 
from Pretoria was loud and clear and a subcommittee of Exco was 
appointed to update information on the subject and to report back to 
Exco. It was found that the previously-held perceptions of image and 
status were essentially still correct. A new aspect that came tothefore is 
the much higher level of importance placed on material reward by 
young people when making career decisions. This is not surprising 
when cognisance is taken of the earning potential of engineers in the 
early years after graduation in relation to the real costs of setting up a 
home and of the published information on better earnings in other pro­
fessions and occupations with far less professional responsibility. 
Remuneration in the profession is now of much greater importance in 
perceptions .of image and status then ever before. 

It is significant that these debates and discussions took place con­
currently with efforts to improve the remuneration attached to 
academic posts in civil engineering and to adjust the remuneration of 
senior posts in various public sector organizations in line with the pro­
fessional responsibility. 

In an effort to obtain representative and reliable Information on 
current levels of remuneration in civil engineering Exco considered 
embarking on a comprehensive survey, Lack of resources prevented 
this from happening and resort was had to a small sample of informa­
tion available to Exco, As In previous salary surveys conducted by the 
Institution, no Information was forthcoming on top earners in the pro­
fession -thehigh flyers. In the event Exco decided that the sample did 
not fully represent the present situation in civil engineering and the 
results were not published but were used as motivation in represen­
tations to various bodies and authorities concerning the serious Inade­
quacies in the present level of remuneration for most civil engineers in 
South Africa. 

Extracts from this survey have subsequenlly found their way into the 
press and have been used to emphasize the urgent need to improve 
remuneration levels in the profession. 

SAlCE finds itself in the unhappy position of being the one body In 
South Africa that best represents civil engineers In all sectors of the 
engineering fraternity - academics, consultants and contractors and 
the public and private sectors - but with limited, If any, influence on 
remuneration in any sector. In spite of this limitation the Institution has 
expressed lis deep concern on many occasions, Including in represen­
tations to the State President. In addition, forces have been joined with 
the SA Association of Consulting Engineers and with the SA Federation 
of Civil Engineerl ng Contractors to improve the i mage of the profeSSion 
and motivate appropriate levels of remuneration. Information and 
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BRIEF AAN LEDE (VERVOLG) 

van Aannemers vir Siviele Ingenieurswerk saamgespan om die beeld 
van die professie te verbeter en om toepaslike vlakke van vergoeding 
te motiveer. Inligting en hulp is ook aan taakgroepe in die staatsdiens 
gegee wat nuwe grond betree deur professionele en tegniese poste te 
laat herevalueer om meer toepaslik professionele verantwoor­
delikheid in ag te neem. 

Beeld en status is onlosmaaklik aan vergoeding verbonde - maar nie 
tot hierdie aspek be perk nie. Daar word beraam dat ongeveer 40 per­
sent van siviele ingenieurs in Suid-Afrika in die open bare sektor 
werksaam is, dws staatsdepartemente, provinsiale en plaaslike 
owerhede, parastatale organisasies en open bare sektorkorporasies. 
Bowendien is ongeveer 50 persent van die werk wat deur die privaat­
sektor gedoen word, vir kliente in die open bare sektor of daaraan ver­
bonde. Dit is hierdie sterk verhouding tussen die sektore van ons 
professie wat die grootste uitdaging bied tot 'n verbetering van beeld 
en status deur 'n verhoging van algemene vlakke van vergoeding. 

Daar word erken dat verbeterings in open bare sektorsalarisse 
gewoonlik tot beter vergoeding in die privaatsektor lei en dat enige ver­
betering in privaatsektorvergoeding druk vir beter salarisse in die 
open bare sektor sal skep. Die salarisse van ingenieurspersoneel in die 
open bare sektor is ongelukkig baie sterk aan 'n algemene salarisstruk­
tuur gekoppel en druk van buite het dikwels bed an kings en per­
soneeltekorte tot gevolg. 

SAISI het konsekwent die mening gehuldig dat senior ingenieurs­
poste in die staatsdiens die belangrikste posisies vir professionele 
ingenieurs in die land is. Die belangrikste en verreikendste besluite 
word deur bekleers van hierdie poste geneem en hulle lei die belang­
rikste instansies in die land se klientekorps. Omstandighede wat die 
aanstelling van die beste beskikbare kandidate tot hierdie posisies 
bevorder, word dus sterk ondersteun. 

Die verhouding tussen open bare en privaatsektorvergoeding is 
vasgel~ in die ooreenkoms waarvolgens die Departement van Open­
bare Werke en Grondsake die Wet op Professionele Ingenieurs 
administreer en dus verantwoordelik is vir die afkondiging van die 
regulasies wat aanbevole geldeskale en uurtariewe neerle. Hierdie 
regulasies vloei tradisioneel voort uit uitgerekte onderhandelings 
tussen die SA Vereniging van Raadgewende Ingenieurs (wat in­
genieurs in privaatpraktyk verteenwoordig), SARPI en die Departe­
ment. Die tradisionele geldeskale wat op hierdie manier bepaal word, 
is nie noodwendig die mees geskikte vir die huidige omstandighede nie 
en die gepubliseerde uurtarief vir prinsipale in ingenieursfirmas is 
onaanvaarbaar laag wanneer dit in verhouding tot ander professies 
gesien word. 

AlhoeweJ dit nie ideaal is nie, is die huidigetariefstruktuur allank met 
ons en het dU kliente en konsultante van 'n eenvoudige en effektiewe 
manier om tariewe onder toe~aslike omstandighede te bereken, voor­
sien. Werknemers in raadgewende firmas word uit geld wat op hierdie 

.manier verdien word, vergoed. Klaarblyklik is 'n verbeterde, billiker 
• geldeskaal nodig waar toegevoegde waarde in ag geneem word om 
wesenlik verbeterde privaatsektorvergoeding te finansier as firmas 
aan die gang gaan bly en winsgewend gaan wees. Die onlangse vrys­
telling deur SAVRI van riglyne vir ;alternatiewe metodes om ingen­
ieurstariee in ooreenkomste tussen die klient en die raadgewende 
ingenieur vas te stel. word op prys gestel. 

Aangesien 'n toenemende gedeelte van gelde op 'n tyd- en kos­
tebasis verdien word, ondersteun die Instituut SAVRI sterk in sy poging 
om 'n meer realistiese uurtarief vir prinsipale to onderhandel en om toe 
te sien dat dit op datum gehou word. Die bereidheid van sekere open­
bare sektorinstansies om tot meer realistiese uurtariewe vir prinsipale 
in te stem beloof vee I vir die professie. Daar is groot kommer dat onver­
moe om die vergoeding van lede van die Instituut positief te bernvloed 
'n onvermydelike verslegting van die beeld en status van siviele 
ingenieurswese tot gevolg sal he en die ernstige mannekragkrisis sal 
vererger. Daar word verwag dat heelwat meer hulpmiddele as wat in 
die verlede beskikbaar was, nodig sal wees om hierdie doelwit te 
bereik. Hulpmiddele kan dalk van ~rens anders gekry word of hulle sal 
van binne die Instituut gegenereer moet word. 

'n Wesenlike aantal siviele ingenieurs het die land oor die afgelope 
jare verlaat en tekorte in die Verenigde Koninkryk en die Amerikas sal 
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assistance has also been given to task groups in the public service who 
are breaking new ground in having professional and technical posts re­
evaluated to more appropriately take cognisance of professional 
responsibility. 

Image and status are inextricably linked to remuneration - but not 
limited to this aspect. It is estimated that about 40 per cent of civil 
engineers in South Africa are employed in the public sector, ie state 
departments, provincial and local governments, parastatal organi­
zations and public sector corporations. In addition about 50 per cent of 
the work done by the private sector is for clients in or related to the 
public sector. It is this strong relationship between sectors of our pro­
fession that presents the main challenge in effecting an improvement 
of image and status through raising general levels of remuneration. 

It is recognized that improvements in public sector salaries 
generally result in better remuneration in the private sector and that 
any improvement in private sector remuneration will create pressure 
for better salaries in the public sector. Unfortunately, salar!es of 
engineering staff in the public sector are very strongly linked to a 
general salary structure and pressure from outside often results in 
resignations and staff shortages. 

SAlCE has consistently taken the view that senior engineering posts 
in the public service are the most important positions for professional 
engineers in the country. The most important and far-reaching 
decisions are made by incumbents of these posts and they direct the 
most important client bodies in the country. Conditions conducive to 
the appOintment of the best available candidates to these positions are 
therefore strongly supported. 

The relationship between public and private sector remuneration is 
cemented in the arrangement whereby the Department of Public 
Works and Land Affairs administers the Professional Engineers Act 
and is therefore responsible for promulgating regulations setting out 
recommended fee scales and charge-out rates. These regulations 
traditionally result from protracted negotiations between the SA 
Association of Consulting Engineers (representing engineers in 
private practice), SACPE and the Department. The traditional fee 
scales set in this way are not necessarily the most appropriate for pre­
sent circumstances and the published charge-out rate for principals in 
engineering firms is unacceptably low when seen in relation to 
other professions. 

Although not ideal, the present fee structure has been with us for a 
long time and has provided clients and consultants with a simple and 
effective method for calculating fees in appropriate circumstances. 
Employees in consultancy firms are remunerated from fees earned in 
this way. Obviously an improved, more equitable fee scale where value 
added is taken into account is necessary to finance significantly 
improved private sector remuneration if firms are to remain in business 
and be profitable. The recent publication by SAACE of guidelines for 
alternative methods of fixing engineering fees in agreements between 
the client and consulting engineer is applauded. 

Since an increasing proportion of fees are being earned on a time 
and cost basis the Institution is strongly supporting SAACE in its 
endeavour to negotiate a realistic guideline charge-out rate for prin­
cipals and to ensure that it is kept up to date. The preparedness of cer­
tain public sector bodies to agree to more realistic charge-out rates for 
principals augurs well for the profession. There is great concern that 
failure to positively influence the remuneration of members of the 
Institution will result in inevitable deterioration of the image and status 
of civil engineering and further exacerbate the serious manpower 
crisis. It is expected that considerably more resources than have been 
available in the past will be necessary to achieve this goal. Resources 
may be obtainable from elsewhere or will have to be generated from 
within the Institution. 

A significant number of civil engineers have left the country in recent 
years and shortages in the UK and the Americas will more than likely 
offer attractive opportunities as South Africans find it easier to gain 
acceptance in these countries in future. An inadequate supply of well­
trained civil engineers will lead to a frustration of the needs of a 
burgeoning South Africa for profeSSional services. This cannot be 
tolerated. 
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BRIEF AAN LEDE (VEAVOLG) 

waarskynlik aantreklike geleenthede bied namate Suid-Afrikaners in 
die toekoms in hierdie lande makliker aanvaar word . 'n Ontoereikende 
bron van goed opgeleide siviele ingenieurs sal tot die frustrasie van die 
behoefte aan professionele dienste van 'n ontluikende Suid-Afrika lei. 
Dit kan nie geduld word nie. 

Goed gerigte en behoorlik geformuleerde open bare betrekkinge, 
wat op akkurate inligting gebaseer is, is nodig. Elke lid kan 'n bydrae tot 
hiededoelwit maak deurdiewaardevan siviele ingenieursweseaan die 
gemeenskap te bevorder en deur die belangrikheid van wetenskap en 
tegnologie aan die land te help onderstreep. Van die grootste belang­
suksesse wat deur individuele siviele ingenieurs behaal word, en die 
vergoeding wat hoogvlieers geniet, behoort van die dakke af versprei 
te word. 

Dit is belangrik om te verseker dat jong mense deur die professie vir 
die regte redes aangetrek word - aanleg, akademiese potensiaal en 'n 
korrekte persepsie van die professie. Kandidate wat slegs deur groot 
beurse en onvolledige of misleidende loopbaanvoorligting gelok word, 
sal ongetwyfeld frustrasies teekom en geleenthede in ander beroepe 
misloop. Daar word veronderstel dat die samelewing deur versigtige 
beeldbou wat op vee I verbeterde vergoeding gebaseer is , gelei kan 
word tot 'n waardering van die waarde wat tot lewenskwaliteit deur 
siviele ingenieurs toegevoeg word, soda! hulle nie die prolessie die 
vergoeding wat hom toekom, misgun nie. Gesamentlike inspanning 
deur aile siviele ingenieurs, en deur ingenieurs in aile dissiplines, is 
nodig om billike vlakke van vergoeding te verkry. 

Die Instituut het die huidige situasie in oenskou geneem, uitvoerbare 
maniere om 'n aanvare bedeling te bereik, ge"fdentifiseer, met ander 
instansies met gemene belange saamgespan en sterk vertoe tot 'n aan­
tal owerhede namens al die lede van die Instituut gerig. Hierdie aksies 
word met toenemend~ dringendheid voortgesit. 

o Bob Pullen, Voormallge President, SAISI 

LETTER TO MEMBERS (CONTINUED) 

Well-directed and properly formulated public relations, based on 
accurate information, is necessary. Every member can make a con­
tribution to this end by promoting the value of civil engineering to 
society and by helping to emphasize the importance of science and 
technology to the country. Most important of all- success achieved by 
individual civil engineers, and the rewards enjoyed by high flyers, 
should be shouted from the rooftops . 

It is important to ensure that young folk are attracted to the profes­
sion lor the correct reasons - aptitude, academic potential and a cor­
rect perception of the profession . Candidates attracted only by 
generous bursaries and incomplete or misleading career guidance are 
sure to encounter frustrations and to miss opportunities in other car­
eers. Bycareful image-building based on much improved rewards, it is 
postulated, society will be lead to appreciate the value added to the 
quality of life by civil engineers and not to begrudge the profession the 
remuneration that it deserves. A concerted effort by all civil engineers, 
and by engineers in all disciplines, is necessary to achieve equitable 
remuneration levels. 

The Institution has taken stock of the present situation, identified 
feasible means 01 arriving at an improved dispensation, joined forces 
will other bodies with a common interest and made strong represen­
tations to a number of authorities on behalf 01 all members of the 
Institution. These actions are proceeding with increasing urgency. 

o Bob Pullen, Past President, SAlCE 

COMMUNICATE COMM'UNICATE 
• SIlIUCTVRAL D(GINEER (CI) 860.000 

P.A.. Firm 01 consulting engineers are looking for a young 
career orientated engineer with experience in reinforced 
concrete - building structures. You wiU be involved in 
design and site work heading major projects. BSc Civil. 
Ref: CP 

• CIVIL TECHNICIAN (JRB) 83.500 X 13. 
Setting progressively higher standards in a quest for 
technical superiority. this co offers a 'no limits' opportunity 
to ambitious young technidan . Idea Uy T3 + 2 years 
municipal services exp and CAD. Ref: CV 

• STRUCTURAL TECHNICIAN (JHB) 
856.000 TAX EFFECI1VE PACKAGE. Share in the 
power, of innovative technology and link your ambitions 
to this companies ambitious future where even the sky isn't 
the limit to your prospects' All it takes is one phone call. 
T4/T5 plus expo Ref: CV 

• STRUCTURAL ENGINEER (PTA) 
84.500-85.500. Dynamic progressive concern . Your 
experience in the design of structural steel and reinforced 
concrete in combination with your exp on site wiU be 
utilJzed in this chaUenging position . Good prospects. BSc 
Eng. Rei: PR 

• WATER ENGINEER (PTA) 
865.000-875.000. Well established firm . An 
opportunity to prove your abi~ties whilst gaining 
experience. Water reticulation, hydrology and some 
structural designs. BSc Eng with relevant expo Rei: ME 

• CIVIL ENGINEER (JRB) R4.500 X 13 
NEG ON EXP. Its an opportunity you've been waiting 
for. One of the most renowned and dynamic consultandes 
currently taking the market by storm. They need an 
intelligent dynamic committed to his long-term career. PR 
Eng. 0-5 years expo Ref: CV 

THE COMMUNICATE 
JOHANNESBURG . SANIJION PRElORIA 

• CIVIL ROADS ENGINEER (CT) 
875.000 + BEN. WeU established firm of consultants 
require an Individual interested in persueing a career In 
road pavement and materials field. Work includes : rural 
road planning, design and construction with min 5 years 
expo BSc Civil Eng. Ref: CP 

• ROADS DESIGN ENGINEER (SNDrN) 
R75.000 NEG. For a specialist BSe in the field of 
roads/township services design/ project management, '­
there exists a specia~st consultancy that can rea~se your 
ambition s of junior partnership. Ref: VGT 

• CAD DESIGN/DRAUGHTSMAN 
(SNIJfN) R4.500 NEG. Join this group of 
professionafs as an expert in the field of CAD. Maximise 
on an Opportunity to develop your enjoyment and talent 
in this high·demand area, working with architects 
renowned for produdng innovative designs. Ref: VGT 

CAPE TOWN 
Solt .. 408. <lth Floor. c.rlton C .. DO ... 
PO Boa CC99-318. CaritOD Ceao ... 
FAX.: (011) 331·96l8 
TEL: (011) 331-7261 

5tb Floor. lWIa To ....... Ea .. 
SaDdtoD City 
FAX; (011) 883-6859 

Suite 220 (po.tal Loc .... r 93) 
SaDIaDl C .. DO .. , 252 Andri .. So .... t. 
FAX; \(012) 320-0375 

Salt .. 1907. Saola .. Gold .. n 
Acr .. C .. DO... Cap .. Towo 
FAX: (021) <ll8·26l8 

a l b CV CbarUe (011) 646-9624 
TEL: (011) 883-.7110 
ai b vGi VhllI!DD" (0111 53-8527 

TEL: (012) 320-0370/1/2 
a, b ME Marllze (012) 343·0847 
alb P8 Petra 663-2974 

TEL: (021) 418-1750 
a/ h CW Cberyl (021) 686-8216 
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TECHNICAL PAPER 

Alternative ultimate limit state design of 
steel sway frames - parametric study 

By H SCHOLZ 

Synopsis 
This paper is a sequel to recent publications in which a novel method to allow 

for the P-delta effect of steel sway frames designed by ultimate limit state 
approaches was proposed. In this paper the new P-delta method is examined by 
way of a wider parametric study covering various subassemblages and also a 
full framework. The method does not require the calculation of the effective 
column lengths and in principle would remain valid where ,fully plastic analysis 
is adopted by design Codes. It is concluded that this extremely simple method 
can lead to savings in material. as well as in design time compared with conven­
tional effective length-based procedures. 

Introduction 
A novel P-delta method for steel sway frames designed by ultimate 

limit state principles was previously introduced'·3. The benefits of the 
method were enumerated and discrete examples presented. In this 
study the method is applied to a wider range of general beam-column 
subassemblages and also to the design of a full multi-bay, multi-storey 
framework . Such a parametric study is essential to confirm the overall 
validity of a new method and to recommend it for general use. In all 
instances the results of the new P-delta method are compared with a 
more rigorous elastic-plastic analysiS as well as with the SASS code for 
steel design. Initially, for convenience, the formulations of the new 
method, will be briefly repeated. For further details the reader should 
refer to Refs 2 and 3. 

Principles of new method 
The prinCiples of the method are embodied in the curves of Fig 1. The 

detailed evolution of these curves was presented in Ref 2. each curve' 
represents the results of an elastic-plastic analysis of a family of sway 
frames: That frames can be grouped into such frame families was 
demonstrated analytically and 'experimentally in Ref 1. Frames on the 
right vertical axis of Fig 1 Wc;>uld 'fail near their elastic buckling load 
with.out exceeding the stress at first yield . Frames with a very large sway 
stiHness, the latter represented by a large elastic sway buckling load, 

. would not be aHected by a P-delt~ , loss and would be found near the 
, value YF = 1 on Fig 1. The P-delta eHect is the diHerence between a par­

ticular curve point and the upper horizontal axis of Fig 1. 
A general example has been entered in Fig 1 to illustrate the variation 

H Scholz is an Associate Professor in Civil 
Engineering at the University of/he Witwaters­
rand, Johannesburg. His research interests 
are in the field of instability of steel and con­
crete structures. He is a member of several 
concrete commiNees and was chairman of 
SAlCE's Committee on Concrete Columns. 
He is also a member of the American Struc­
tural Stability Research Council (SSRC) and 
the Working Group on Stability of Structural 
Systems of the European Convention for Constructional Steelwork 
(ECCS). 

This paper was submiHed to independent referees for scrutiny prior to accep­
tance for publication. This paper should be read in conjunction with the other 
technical paper by Mr Scholz in this issue. 
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P - DE LT A REDU CT I ON FAC TOR 

FA CTOR OF EO 2 

ELASTI C BU CKLING LOAD FACTOR 

P- DELTA LOSS 

0.6 

0.4 

o 0.2 0 .4 0 . 6 0.8 1. 0 

Fig 1: Interaction curves 

of the P-delta eHect as a function of the elastic sway buckling load . 
To use the curves of Fig 1 the following parameters need to be 

established for individual compression members or for the frame 
as a whole: 

Yc = 
Pc elastic sway buckling load 

P applied axial load 
(1) 

= 
0.4 

~0.4 a 

1-0,6 ( ,_ 0,05" r 1+Mv 
MH 

(2) 

ayC( 
ayc 

1 j 1+ ~) ~ ("2 + 
2 ~2 

(3) 

MH aYd __ +Mv)x 
1-a 

~ (4) 
Mp 
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u = 
4aPc (5) 

P y 

P y = A fy (6) 

Mp = Zpfy (7) 

where A is the area of the section, fy is the yield stress, Zp is the plastic 
section modulus, X is the shape factor of the section in bending and MH 
and Mv are the sway and gravity load, first-order elastic bending 
moments respectively, due to the factored load. The equations are 
futher explained in the appendix. 

To facilitate the understanding of the concept and its significant 
parameters, the method is related back to the more familiar single 
column design curves used in most design specifications. For this pur­
pose Fig 2 is provided. 

In Fig 2, the value aYcr marks the slenderness ratio at which a - times 
the elastical critical buckling load, Pc, together with the associated 
sway moments are assumed to just cause inelastic action at the most 
critical member section. In Fig 2, the term Yc equals the length XY; YF 
equals the length XZ and ayc equals the length XW. The reason for the 
introduction of the factor a is given in the appendix. 

The object in analysis and design would thus be to compute the elas­
tic sway buckling load factor, Yc, for the structure as a whole, which 
appears as a line through the origin of Fig 1, and then to proceed to find 
the minimum value of aYcl' The latter term selects the appropriate 
curve from the array of possible curves of Fig 1. These two parameters 
together will identify the largest P-delta loss, signified by YF in Fig 
1. 

It appears time-consuming for a large sway structure to determine 
the minimum value for ayc, from Eqn 3. Strictly, Eqn 3 should be 
applied to every member in the structure. This routine could easily be 
incorporated in a computer program. It is, however, possible to sim­
plify this step to such an extent that the same task is accomplished in a 
single calculation. This will be demonstrated in a later section of this 
paper when a full frame structure is examined. 

Parametric study on subassemblages 
Three different subassemblages were analysed for comparison pur­

poses. The aspect of lateral-torsional buckling was excluded. The 
same subassemblages were previously examined in the literatureS and 
are here repreduced in Figs 3 to 5 together with the relevant analysis 
results. In each figure a dotted line has been added reflecting the 
results. of Eqns 1 to 3. Furthermore, the dashed curves of Figs 3 to 5 

P 
P y 

Pc 
p= ¥c' 

G) 

-.... .... 
@ .... 

TYPICAL CURVE OF FIG 1 

G) 

G)+-------~------------_r----------
I/r OF ACTUAL 

STRUCTURE 

Fig 2: Single column analogy 

IIr OF LIMITING 

STRUCTURE 
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I/r 

were constructed using the relevant equations of SASS 016:t in the 
ultimate limit state format. These equations are also found in the 
American steel design specifications6, namely 

~ + wM < 1 
P cr -(-1------=P-)M-

p
-

P + 
Py 

1.0 

0.8 

0.6 

p. 

M < 1 
1,18Mp -

:".. 
"""-_ EQ 8: BRACED ,-.......t. 

"'- -, " ....... , , , 

H 

k = 

~ = 40 

Pe =0.57P y 

, 
P;~ I 

0.2 

SABS 0162 
EQ 8: SWAY 

"­, 
vEQ 9 , 

"'­
........... EQS 1-3' ._,... 1 .... 

RIGOROUS 

O~----'------r-----r----~----~ 
o 0.2 0.4 0.6 0.8 1.0 

M 

Mp 

Fig 3: Subassemblage I 

1.0 , 
"-....... , k = 1. 59 

0.8 ....... ~ h 60 
~ EQ 8: BRACED 

r = 

~~ Pe= 0.9P y , ................ 

0.6 
, , 

~ "-
, 

Py 
, 

j"., 
. •• EQS 1-3 "vEQ 9 .. , 

0.4 .. , . , '. , ...... 
SABS 0162 ", .. , 
EQ 8: SWAY 

...... 
"-........ . . 

0.2 " ... . , '- .. , 
'. 

RIGOROUS 

}Q 

O+-----~-----r----~----~----~ 
o 0.2 0.4 0.6 0.8 1.0 

~ 
Hp 

Fig 4: Subassemblage " 

(8) 

(9) 

(10) 
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where 

P and M axial force and maximum bending moment, respectively, 
due to the factored loads 
Per axial load capacity neglecting the presence of moments 
M p fully plastic moment capacity neglecting the presence of axial for­
ces as well as lateral-torsional buckling 
Py product of yield stress times section area 
w/( 1-P I P e) factor to accountfor the additional bending moments due 
to the displacements 

For sway frames w 0,85 and P e = elastic buckling load of column in 
the place of bending on the basis of the effective length. For brated 
members w 0,6 + O,4MmlnlMmax, with Mml"lMmax the ratio of the 
smaller to larger end moment and w > 0,4. 

The solid lines in Figs 3 to 5 were obtained in Ref 5 from a rigorous 
second-order elastic plastic subassemblage analysis7

• The upper 
dashed lines represent the strength envelope of the problem, ie the 
capacities in the absence of any P-delta effect. The other curves 01 Figs 
3 to 5 describe the allowable first-order bending 'moment, M, as a func­
tion olthe fully plastic moment, M p, for a specific ratiO of axial load, p, to 
yield load, P y. The dotted curves have been derived by the m eth od des­
cribed in Eqns 1 to 3. The construction of these curves is outlined 
brielly. 

Starting out with a specific ratio of PIM on the strength envelope the 
parameter Yc is determined for the particular subassemblage. If no 
gravity load moments are present. Mv=O and M=MII . The factor a can 
then be computed from Eqn 2. With this value of a Eqn 3 is solved to give 
ayC( using Eqns 4 to 7. 

The terms ayC( are ~ntered in Fig 1 and their intersection point Iden­
tifies YF< 1 on the left vertical axis of Fig 1. The difference between 1 and 
YF Is theP-delta effect. Thus the corresponding allowable proportional 
set of axial force and first-order bending moment becomes yFP and 
yFM respectively. The procedure is illustrated schematically in Fig 3 for 
one point on the dotted curve. The derivation of all curve points is 
based on·ayield stressoffy = 250 MPa and a modulus of elasticity 01 E 

207000 MPa. 

Discussion of subassemblage results 
The curves derived from rigorous elastic analysis in Ref 5 and the 

proposed P-delta approach, represented by Eqns 1 to 3, are generally 
very close, with the latter giving marginally higher results. It has been 
found In previous research that the elastic-plastic analysis method 
adopted in Ref 5 is somewhat conservatives, so that these findings are 
not unexpected. The curves obtained by using SABS 0162 on a sway-

1.0 

0.8 

0.6 

0.4 

0.2 

o 
o 

~, EO 8: BRACED 1.59 
-.....L. 
, ........ 40 

" -, -­, 
.~ '-EO 9 

/ " ..... " 
SASS 0162',-'. "-
EQ8:SWAy ..... '" ~ ~EoSI-3 ,", ./, . "./" 

, ., , "" '" '-., -", '" 
" .... , 

.. " .... "-
.. .... " ..... , . '. 

0.2 0.4 0.6 0.8 

, 
~ 
!-Eo 

--I 
1.0 

Fig 5: Subassemblage III 
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permitted basis (Eqn 8) are generally lower than the equivalent results 
of the rigorous elastic-plastic analysis and that of Eqns 1 to 3. It is also 
significant that in sway structures the strength envelopes (upper cur­
ves In Figs 3 to 5) are governed largely by Eqns 9 and 10. The region 
where Eqn 8, evaluated on a braced basis, dominates implies that 
member buckling is critical. 

Frame example 
The full benefits of the new P-delta technique become apparent in 

the analysis and design of full frameworks. Typically, no effective 
column length needs to be established and the P-delta effect is 
obtained for all members in the structure in a single operation. 
Invariably in multi-bay sway structures subjected to combined loading, 
int~rnal column members will be present for which the gravity load 
moment, M v, tends to zero. The following conservative simplifications 
to Eqns 2 and 3 are than possible, as already demonstrated elsewhere9 

and repeated briefly in the appendix. 

0,4 (11 ) a = 
1-0,6 (1-0,05yd 

1-a (12) ayc,. 
X 

It is also obviOUS that for cases of pure gravity load, ie Mil = O. Eqns 
11 and 12 would reduce to (also see the appendix) 

a = 1,0 

1 
ayc,. == Ycc=-

X 

(13) 

(14) 

The design of members in sway frames (columns and beams). 
including the in-place stability aspects, would thus follow the pro­
cedure below; 

Step 1: Design of all members for the factored design loads using the 
results of a common first-order elastic analysis. This ignores 
the P-delta effect so far. Eqns 9 and 10 are used for columns 
and Eqn 10 for beams. 

Step 2: Most conveniently by the method 01 storey stillness 10, com­
pute the elastic sway buckling load factor of each storey. The 
lowest factor is taken as Yc. 

Step 3: Compute a from Eqn 11 for combined load and set a = 1 for 
pure gravity load cases. 

Step 4: Compute ayc and ayC!, the latter from Eqn 12 or Eqn14, res­
pectively as appropriate. 

Step 5: Enter aYe and ayC! in Fig 1 and find YF. 
Step 6: Reconsider all members with first-order forces of step 

magnified by 1/YF. Eqns 9 and 10 are again used for columns 
and Eqn 10 for beams with forces P IYF and Mly F' Usually only a 
few members need minor strengthening. 

The procedure is demonstrated on the two-bay, Six-storey sway 
frame of Fig 6. This frame has been proposed as the so-called Calibrat­
ing Frame I by Technical Committee 8 (Structural Stability) of the Euro­
pean Convention for Constructional Steelwork (ECCS) 11. European 
sections are used for all members and the aspect of lateral-torsional 
buckling has been excluded. The frame is analysed and deSigned for 
the given sections and loadings; the latter include some provision for 
an initial storey eccentriCity. The maximum bending moments and 
axial member forces of a first-order elastic analysis are given' in 
Table 1. 

In Table 1 full results of a deSign by SABS 0162 are also summarized. 
For this design Eqn 8 was used on a sway-permitted basis. The 
parameters listed in Table 1 conform to the SABS design code. 

Table 2 contains the elastic sway buckling load factors of the six 
storeys. These are required forthe novel P-delta technique. The lowest 
value is Ye 8,4. which is assumed to apply to the overall framework. 
With this. a = 0,435 Is found from Eqn 11 and aYCf = 0,488 from Eqn 12 
with a relevant shape factor of 1,12. The term ayC! = 0,488 is used to 
selectthe appropriate curve from Fig 1 and ayc = 3,805 identifies YF 
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0,93 on this curve. Final design forces are therefore 1/YF = 1,075 times 
those of the original structural analysis. With these forces Eqns 9 and 
10 are evaluated. The results are summarized in Table 3. 

Discussion of frame example 
The results of Table 1 and Table 3 for the example frame are best 

compared by way of a load factor defined as the inverse of the interac­
tion equation result. The load factors appear in the last column of both 
tables. A load factor greater than 1,0 implies that a member can take a 
load somewhat higher than the given design loads of Fig 6. In contrast a 
load factor of less than 1,0 suggests an inadequate member that would 
require strengthening to resist the given design loads. The load factors 
of Table 1 and Table 3 reveal the following trends: 

1. The column load factors of the novel P-delta method (Table 3) are 
generally slightly higher (up to a maximum of approximately 13 per 
cent) than those obtained from the SABS approach (Table 1). This is 
a similar trend, as already observed in the subassemblage analysis 
of Figs 3 to 5. All column load factors are greater than 1,0 (exceptfor 
one marginal shortfall), indicating that they are strong enough to 
carry the given loads. 

2. The load factors of most beams are below 1,0. They would require 
strengthening to resist the given loading. The load factors of the 
novel P-delta approach are 1/YF lower than those of the SABS 
results. This is due to the fact that the P-delta moments are not 
added to the beams in the latter case. It is, however, more approp­
riate to include these effects for the beams. This is automatically 
accomplished by the novel P-delta procedure. 

3. When the given structure of Fig 6 was analysed for proportionate 
load by a rigorous elastic-plastic method the overall load factor for 
the framework was found to be 1,1111. This underlines the material 
saving often associated with an elastic-plastic design in contrast to 
the elastic structural analysis usually employed with present 
ultimate limit state design approaches. By comparison, about five 
per cent more material is required in the latter case to strengthen 
the beams for the example frame. This also implies that the novel P­
delta method as well as the SABS design for the example frame 
would lie on the safe side. 

Other design aspects 
It is accepted that member instability is rarely relevant for sway 

frames. In fact, design codes do not usually ask for a check in this 
regard. /I so desired, it can easily be examined by evaluating the term 
wl(1 - PIP.) on a braced basis./I found to be greater than 1,0, Eqn 8, on 
a braced basis, would supercede Eqn 9, which is normally sufficient. 
The effect of member instability has been incorporated in the sub­
assembl~ge examples of Figs 3 to 5. However, the omission of this 
aspect would have made very little difference to these results. 

Lateral-torsional buckling. could be provided for by replacing the 
fU/lyplastic moment Mp by an'appropriately reduced moment capacity, 
for instance as suggested by SABS 0162 or the AISC code. 

, ). 

Table 1: Example frame by SABS 0162' 

Member k fir A Mp Pcr 
. ..>'" (em') (kNm) (kNlem') 
, 

1,3 1,16 46 91 198 22,16 
2 1,15 38,5 118 308 22,78 
6,8 1,42 56,5 91 198 20,19 
7 1,37 45,9 118 308 22,18 

II) 11,13 1,56 62 91 198 20,22 c: 
E 12 1,42 51,7 106 253 21,58 
~ 16,18 1,63 64,8 91 198 19,77 0 
II 17 1,49 54,2 106 253 21,29 

21,23 1,45 80,4 54,3 85 16,88 
22 1,41 61,9 78,1 154 20,23 
26,28 1,31 72,7 54,3 85 18,38 
27 1,35 59,3 78,1 154 20,61 

4,5 314 
II) 9,10 245 E 
'" 14,15 193 ., 

ClJ 19,20 151 
24,25 151 
29,30 88 
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Fig 6: Calibrating frame I 

Table 2: Storey buckling load factors 

Storey !:Pc (kN) P (kN) 

Bottom 37351 3327 
2 22983 2736 
3 18291 2148 
4 15307 1559 
5 10911 969 
6 8894 379 

p. P M 
(kN) (kN) (kNm) 

8702 883 87,5 
16107 1769 129,1 

5768 716 103,9 
11332 1448 98,6 
4791 549 96,7 
8024 1138 69,3 
4386 385 110,2 
7301 835 50,9 
1700 230 58 
4125 527 36,7 
2080 88 64,7 
4492 207 12,4 

267,9 
240,2 
212,2 
197,8 
190,6 
116,6 

6m -I 

!:Pc 
Yc= p 

11,23 
8,40 
8,52 
9,82 

11,26 
23,47 

Eqn 8 Load 
factor 

0,856 1,168 
1,058 0,945 
0,884 1,131 
0,865 1,156 
0,767 1,304 
0,768 1,302 
0,733 1,364 
0,563 1,776 
0,922 1,085 
0,566 1,767 
0,764 1,309 
0,201 4,975 

Eqn 10 

0,853 1,172 
0,980 1,020 
1,099 0,~1° 
1,310 0,763 
1,262 0,792 
1,325 0,755 
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Table 3: Example frame by novel P-delta method 

Member Py Mp 
(kN) (kNm) 

1.3 2184 198 
2 2832 308 
6,8 2184 198 
7 2832 308 

11,13 2184 198 
co 

12 2544 253 c: 
E 16,18 2184 198 ~ 
0 17 2544 253 (.) 

21,23 1303 85 
22 1874 154 
26,28 1303 85 
27 1874 154 

4.5 314 
co 9,10 245 E ., 14,15 193 
'" C!J 19.20 151 

24,25 151 
29,30 88 

Conclusion 
The wide validity of a recently proposed novel P-delta method for the 

design of sway frames has been confirmed by way of a parametric 
study. The major benefits of the method are summarized below: 

1. Typically, no effective column length is required, thus reducing the 
design time and inaccuracies involved in this concept. 

2. The P-delta effect for all members (beams and columns) of a frame 
are obtained in one operation. 

3. Since the novel P-delta method is directly derived from an elastic­
plastic analysis it would be fully applicable if rigorous elastic-plastic 
or plastic analysis and design are adopted. In such an instance the 
concept of effective lengths is no longer relevant for sway 
frames. 

4. The procedure is extremely simple, as demonstrated by a full frame 
example. Common first-order elastic analysis is sufficient. 

Appendix: Further details of novel p. 
delta method 
It has been argued that each curve of Fig 1 belongs to a so-called family of 
frames. Such a family is characterized by equal load configuration. equal section 

I I 

ACTUAL 
FRAME 

h 

bH-i 
t 

Fig 7: Frames of same family 
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P/YF M/YF Eqn 9 Load 
(kN) (kNm) or Eqn 10 lac/or 

949 94.1 0,839 1,192 
1902 138.8 1.054 0,949 

770 111.7 0,831 1,203 
1557 106.3 0,842 1,188 

590 104 0,715 1.399 
1223 74,5 0,731 1,368 

414 118,5 0,697 1,435 
898 54,7 0,537 1,862 
248 62,4 0,812 1,232 
567 39,5 0,519 1.927 

95 69,6 0,819 1,221 
223 13,3 0,193 5,181 

Eqn 10 

288 0,917 1,091 
258,2 1,054 0,949 
228,1 1,182 0,846 
212.6 1,408 0,710 
204.9 1,357 0.737 
125,3 1,424 0,702 

sizes and equal stiffness distributions, but different slendernesses, as illustrated 
in Fig 7, which shows two sway frames corresponding to a specific curve of Fig 1. 
Such frames are related in terms of their first-order design loads, Po/Por, and 
elastic bUCkling loads, Pc/Pcr, via the slenderness. In Fig 7 the slenderness is 
represented by the member lengths, I and It, respectively. 

If the more slender frameof Fig 1 coincides with the starting pOint of the curved 
section on the right vertical axis of Fig 1, it is designated the limiting frame. For the 
limiting frame failure is completely elastic with the failure load related to the elas­
tic buckling load, PCI' It is by way of this limiting frame that the frame family, ie the 
curve relevant to a particular problem, is identified. 

It is shown on Fig 7 that the following relationship holds: 

aYcr L (15) 
ayc L/ 

By definition, the limiting structure is just reaching first yield when subjected to 
a-times its elastic sway buckling load together with the associated sway 
moments. Hence, the most critical section stress, I, anywhere must not exceed 
the yield stress, Iy. This requirement gives 

!...- ; 1 = ~ + ~ ; aPc + 
Iy Aly Zply/X P y 

M 

M,/x 
(16) 

This equation relates to the dashed line in Fig 8. If Pin Eqn 16 equals aPc ; 
aEI n'l (' and M refers to the associated second-order elastic sway and gravity 

!..! 
I 

LIMITING 

FRAME 

h 

bJ-H 
I 
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load moments, Eqn 16 results in a quadratic equation for the so-called limiting 
slenderness ratio or limiting length L,. The solution is expressed as 

L 
(17) 

~( 
2 

The terms ~ and v are given in Eqns 4 and 5. 

Simplified Eqns 12 and 14 
The fully plastic moment capacity, M p , in the moment term, 1', of Eqn 3 can be 

replaced by the design moments, MH and Mv. Furthermore. if the axial force term, 
v, of Eqn 3 increases, there must be a corresponding decrease in section capacity 
for bending momentsMH and Mv.1f it is argued that within Eqn 3 these two effects 
compensate each other. then Eqn 3 may be reduced to 

aYCf ; 
ayc 

(18) 

1 - a 

For Mv; 0, Eqn 18 reduces to Eqn 12, and asMH tends to zero for a swaystruc­
ture subject to pure gravity load moment, Mv. Eqn 14 is obtained. 

'Faclor a 
For Eqn 4 the second-order sway moment at the elastic buckling load level is 

required. A conventional moment magnifier approach has been adopted, ie MHI 
(I-PIPc). If the full elastic buckling load, Pc, were used for P, all magnified 
moments would tend to infinity, giving aYcl ; 0 from Eqn 3. As a result, the multi­
curve diagram of Fig 1 would reduce to a single-curve plot. Such a single curve 
would not adequately reflect the varying effect of lateral loads and different sway 
stiffness distributions in a structure. For this reason, a load lower than Pc, namely 
aPc has been adopted as the effective elastic sway failure load. The factor a 
would have to contain a parameter taking stiffness and loading into account. After 
a thorough parametric study'-3 the expression given in Eqn 2 was derived. For 
zero sway moments a ; 1 is reached. 
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Nolalion 

The following symbols are used in this paper: 

A area of section 
E modulus of elasticity 
fy yield stress 
H horizontal load 
h column or story height 
I second moment of area 
k effective length factor 
L member length 

effective column length 
M bending moment 
Mp fully plastic moment 
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MH 
Mv 
Mmin 
Mm8x 

Per 
P 
Pc 
Per 
p. 
r,pc 
Py 

Zp 
a 

Yc 
YCf 
YF 
X 
r, 
w 

bending moment due to lateral load 
bending moment due to vertical load 
minimum member end moment 
maximum member end moment 
allowable axial stress in absence of moment 
axial load 
elastic frame buckling load 
Pe,A ; allowable axial load in absence of moment 
elastic buckling load Of column 
elastic storey buckling load 

; Afy ; yield load 
radius of gyration 
plastic section modulus 
factor defined by Eqn 2 
efastiC buckling load factor defined by Eqn 1 

elastiC buckling load factor defined by EQn 3 
P-delta loss factor of Fig 1 

shape factor 
summation Sign 
equivalent moment factor of interaction formula of Eqn 8 
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The Fourth International Conference on Geotextiles and Geomem­
branes was held in The Hague from 28 May to 1 June 1990 under the 
auspices of the International Geotextile Society (IGS). Over 800 
delegates, including 14 from South Africa, attended the five days of 
sessions, technical tours and social gatherings. 

Over 90 papers were presented and bound in a set of proceedings 
for future reference. Three sets of sessions were run concurrently in 
order to accommodate the wide range of subjects covered. The diver­
sity of geosynthetic application in civil engineering was illustrated by 
the fact that sessions were grouped under 11 headings. 

A series of report-back meetings by South African delegates will be 
presented to all major SAlCE branches under the auspices of the Con­
tinuing Education Programme and will commence on 31 July 1990 in 
Johannesburg. 0 

227 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



load moments, Eqn 16 results in a quadratic equation for the so-called limiting 
slenderness ratio or limiting length L,. The solution is expressed as 

L 
(17) 

~( 
2 

The terms ~ and v are given in Eqns 4 and 5. 

Simplified Eqns 12 and 14 
The fully plastic moment capacity, M p , in the moment term, 1', of Eqn 3 can be 

replaced by the design moments, MH and Mv. Furthermore. if the axial force term, 
v, of Eqn 3 increases, there must be a corresponding decrease in section capacity 
for bending momentsMH and Mv.1f it is argued that within Eqn 3 these two effects 
compensate each other. then Eqn 3 may be reduced to 

aYCf ; 
ayc 

(18) 

1 - a 

For Mv; 0, Eqn 18 reduces to Eqn 12, and asMH tends to zero for a swaystruc­
ture subject to pure gravity load moment, Mv. Eqn 14 is obtained. 

'Faclor a 
For Eqn 4 the second-order sway moment at the elastic buckling load level is 

required. A conventional moment magnifier approach has been adopted, ie MHI 
(I-PIPc). If the full elastic buckling load, Pc, were used for P, all magnified 
moments would tend to infinity, giving aYcl ; 0 from Eqn 3. As a result, the multi­
curve diagram of Fig 1 would reduce to a single-curve plot. Such a single curve 
would not adequately reflect the varying effect of lateral loads and different sway 
stiffness distributions in a structure. For this reason, a load lower than Pc, namely 
aPc has been adopted as the effective elastic sway failure load. The factor a 
would have to contain a parameter taking stiffness and loading into account. After 
a thorough parametric study'-3 the expression given in Eqn 2 was derived. For 
zero sway moments a ; 1 is reached. 
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