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Study shows benefits of 
peak-hour car pooling 

A MONASH engineer has shown that 
very small falls in the numbers of cars on 
roads during peak hour journeys to and 
from work bring about significant reduc
tions in energy use. air pollution and travel 
times. 

However, Mr Tony Richardson, a lecturer 
in the department of civil engineering who 
has been researching problem areas in traf
fic engineering and transport planning at 
Monash sin ce 1974, says car occupancy 
rates forthejourney to and from work are, in 
fact, falling by about one percent each year. 

Richardson says one way to reverse the 
trend is for Governments to promote - and 
the community to accept - car pooling 
schemes for peak hour work trips. 

Richardson says the present Austral ian 
average car occu pan cy rate during peak 
hours of about 1.27 represents one car in 
four carrying a single passenger for the 
jou rney to work. 

Richardson , who is pre sently engaged on 
a study on car pools for the Australian Road 
Research Board, has shown that a rise in car 

Lecturer in civil engine ering/ M, Tony Richardsonl be s 
studied suburban roads and freeway system s, like Met
bourne's sout h-easrern freewa y (above), as part of his 
study On cal pooling. He sa ys 8 reduction in the number of 
cars on th e road du ring peak hours wou ld lead to teste r 
trs vet limes, less poll ution and less energy use. 

occupancy to the 1964 average in Mel
bourne of 1.49 for journeys to and from 
work, would 
• Reduce journey-to-work energy con
sumption by about 15 per cent 
• Reduce journey-to-work travel time by 35 
per cent 
• Reduce journey-to-work air pollution by 
50 per cent 
• Reduce journey-to-work running costs by 
30 per cent 
• And defer the need for new road facilit ies 
for about three years. 

He contends that a 15 per cent reduction 
in th e number of cars on the road during 
peak hours could be obtained by the intro
duction of successful car pooling schemes. 

This is not possible at present because car 
pooling is illegal in Australia, except for the 
Australian Capital Territory. However, the 
Victorian State Government has introduced 
legislation to clear the way for car po oling 
schemes. Other State Governments are un
derstood to be reviewing their laws. 

He says the critical factor underlining the 
establishment of car pooling schemes is 
that as traffic volumes increase, travel times 
also increase, especially as roads approach 
the maximum number of vehicles they can 
carry. 

Because travel times increase. cars are 
longer on the road, use more fuel, and 
spend more time in the polluting parts of the 
journey, which are idling, deceleration and 
acceleration. Because of this, any changes 
in the extremely sensitive traffic volume fac
tor have great impact on travel times , 
energy consumption and pollution . 

In this way, a one per cent drop in traffic 
volume is " magnifi ed" into a three per cent 
drop in travel time on a road wh ere traffic 
density is near capacity. 

Pools formed 
at short notice 

Recent publ ic transport stoppages in 
Melbourne, he says, have highlighted the 
community's ability to form de facto car 
pools at short notice. 

On days when public transport stopped 
recently, Richardson surveyed a number of 
sites during peak hours and found car oc
cupancies as high as 1.8. 

" This is car pool ing enforced by the de
mands of the moment. I would prefer car 
pooling to be ushered in with Government 
backing," he says. 

" I am sure other factors will encourage 
acceptance of car pooling. 

" These include increasing fuel prices, and 
the com mu nity perceiving the growing 
need to reduce energy use and stop pollu
tion . 

Contmuec: ovettes t 
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Arguments for 
car pooling 
ConI/wed {rom page 1 

"One of the main arguments for car pool
ing is that public transport needs are chang
ing. 

"The journey from one suburb to another 
to and from work is now more important in 
peak hours than the traditional trip to the 
central business district in Austral ian cities. 

"In Melbou rne. for instance, only about 
15 per cent of all work journeys are to the 
central bus iness district. 

"The majority of work trips are in fact 
made to outer suburban industrial estates 
or to the inner suburbs which are not well 
served - if at all - by public transport. 

"Because of this, workers have no alter
native but to use their motor vehicles and as 
a result they are forced to travel through 
greatly congested areas on roads not ini
tially designed to carry heavy traffic. 

"If we can encourage workers in the inner 
suburbs to form car pools then we have 
tapped what I believe is the major market for 
car-pooling schemes. 

" These inner suburban areas employ 
more people than the central business dis
trict but despite this, the lion's share of 
funds for public transport is allocated to the 
central business district. 

" So me ofthis money - and only a little is 
needed - should be diverted to promoting 
car pooling and other low-cost options 
which would result in sharp improvements 
in transport efficiency," he says. 

Alternatives 
are worse 

Richardson says the alternatives to car 
pooling like staggered office hours and the 
fou r dav week are worse when compared on 
energy and pollution bases. They are also 
likely to cause more severe social disrup
tion. 

Will car pooling have an adverse effect on 
public transport? No, says Richardson. Pub
lic transport's main market lies in trips to 
and from the central business district. Car 
pooling, however, would caterfor worksites 
not served by public transport where there 
is no option but to travel to work by car . 

" It boils down to trying to replace cars 
with very few people in them with fewer 
cars with more people in them," he says . 

Richardson adds that even if there are re
ductions in the number of people using pub
lic transport at peak hours, public transport 
operators will then not have to maintain 
their present enormous commitment to 
personnel and rolling stock to meet peak 
hour demands. 

Richardson says car pooling schemes can 
easily be designed using computers to 
match any number of transport needs, like 
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times of travel , route to work, workplaces 
and proximity of residences. 

The most useful and beneficial schemes 
are those which match people on the basis 
of their workplace, which means that one 
end of the trip, at least, is tied up. 

"It may also mean that starting and finish
ing times are similar, and that employers 
will be encouraged to participate in carpool
ing arrangements because of benefits, such 
as not having to provide as much car park
ing space." 

Richardson says a "bonus" for public 
transport operators arising from computer 
based car pooling studies lies in identifying 
new and profitable commuter bus routes. 

" These routes are at present unidentified 
because private transport operators gener
ally do not have the financial resources to 
carry out exhaustive travel surveys intowho 
wants to go where and when," he says. 

"One of the problems with car pooling 
has been that potential car pool users don't 
know other people who are available to 
form car pools, even though studies have 
shown that this situation almost always 
exists. 

"These studies show that potential car 
pool users travel to work at the same time, 
live within a few hundred metres of each 
other, sometimes work in the same building 
but on different floors, or in the building 
next door, and yet are totally unaware of 
each other's existence," he says . 

" Govern ments should also look at provid
ing incentives for car pooling , such as re
served lanes for pool cars on highways and 
main roads, preferential parking spaces and 
reduced tolls on bridges. 

"In addition, there may be benefits in re
duced insurance premiums for cars. 

" In the US, insurance companies believe 
it is beneficial to have fewer cars on the road 
during peak hours and have reduced pre
miums for pool cars," he says. 

As part of his research, Richardson has 
approached a number of insurance com
panies. They have stated that they have no 
objection to car pooling provided it is made 
legal. 

Richardson agrees that there are some 
inconveniences arising from car pooling. 
These include not having a car at lunchtime 
to carry out personal business or the flexibil
ity to make after work trips to entertainment 
or sporting commitments. 

"For many people, there are major draw
backs to joining a car pool. But for others, 
whose routine is relatively unvarying, car 
pooling can provide the answer. 

"Even if commuters pooled for only two 
days a week, when it was convenient, there 
would still be significant benefits. The two 
commuters, pooling two days a week, 
would find their travel costs cut by 20 per 
cent a week, and there would be general 
savings, too, in energy use and reductions 
in air pollution levels. 

" We need only a five to ten per cent in
crease in car occupancies during peak hour 
work trips to obtain valuable benefits. 

"I think that once people experience car 
pooling, they will find that the advantages 
far outweigh the disadvantages," 
Richardson adds. 
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Can rheumatoid 
arth ritis be 
reversed in its 
early stage? 

MONASH BIOCHEMISTS have found evi
dence which suggests that one of the first 
stages of the painful disease, rheumatoid 
arthritis, is potentially reversible. 

They say the body has an ability to in
crease the "manufacture" of the substance, 
proteoglycan, which acts as a kind of "stuf
fing" for load bearing cartilages which 
cover the surface of joints. 

In the inflammatory response caused by 
the early stages of rheumatoid arthritis, pro
teoglycan is broken down or degraded. 
More importantly, this in turn leads to a 
degradation of the collagen fibres in carti' 
ages, which are the joint's " shock abso . 
bers" , 

The researchers have shown experimen
tally that if a piece of cartilage removed 
from the inflamed joint after proteoglycan 
synthesis has decreased and is grown in a 
tissue culture, it begins to synthesise pro
teoglycan again . 

According to Professor Dennis Lowther, 
who has been.researchinq biochemical as
pects of rheumatoid arthritis for about ten 
years, there must be a factor in the inflamed 
area of the joint which inhibits the produc
tion of proteoglycan . 

He says the body does not appear to have 
the ca pability to resynthesise collagen 
fibres when they are broken down during 
inflammation of the joints caused by 
rheumatoid arthritis. 

Lowther says the body apparently " tu rf' 
off" the manufacture of collagen fibr. 
when adulthood is reached . 

"What is incredible is that although eve , 
cartilage cell seems to have the genetic I . 

formation necessary to replace collagen, it 
looks as if one or two library doors have 
been locked, the keys thrown away, and the 
information lost," Lowther says. 

Lowther and colleagues in the depart
ment of biochemistry, Dr John Sandy. Dr 
Richard Welton, Dr Chris Handley and As
sociate Professor Barry Preston, have been 
investigating some aspects of rheumatoid 
arthritis in projects funded by the National 
Health and Medical Research Council and 
the Australian Research Grants Committee. 

Because of the difficulties in studying the 
effects of rheumatoid arthritis, which is a 
long term disease, in humans, they have 
developed techniques to study the course of 
the initial rheumatoid arthritis type inflam
mation in animal models and tissue main
tained in culture. 

They also utilise human material re
moved during surgical procedures when it 
is made available. 
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Professor Dennis Lowthe r holds a model of a human hip joint - 8 jo int commonly ett e cked 
by arthritis Photo: Herve Atteec m e. 

This is potentially reversible, except in a 
chronic inflammatory response when the 
production of proteoglycan is inhibited. 

"Second, there is the production of col
lagenase, and the attack on the collagen 
fibres. 

"The stimulation of proteoglycan synth 
esis may also be important in restoring joint 
function after bone fracture. 

" We have found that if a limb is im
mobilised by a plaster cast , the cartilage 
tissues decrease the production of proteog
Iycan . 

" But when movement is restored, pr o
teoglycan synthesis is restored, and if load 
is exerted on the moving joint, then pro
teoglycan production can increase up to 
two-fold . 

"If we can locate the factor which inhibits 
the synthesis of proteoglycan in the in 
flammatory response, we may be abl e to 
provoke the body into reversing the inhi bi
tion . 

"By preventing the factor from becoming 
effective, we may be able to rev erse some of 
the early changes in inflamed joints that 
lead later to rheumatoid arthritis," he says . 

" One of the areas of research at .present 
lies in locating the factor. 

"There are a couple of poss ibilities. One is 
that lymphocyt ic cell s which app ear in the 
joint during the inflammatory response are 
known to secrete various protein s. It is 
thought that one of the se proteins may have 
the ability to 'turn off' the synthesis of pro
teoglycan. 

" Anot her possibility is that fragments of 
hyaluronic acid , a substance which assists 
in the lubrication ofthe joint, may penetrate 
the jo int cartilage and inhibit proteoglycan 
formation. 

"Handley has shown that hyaluronic acid 
does in fact inhibit th e production of pro

To create the initial stage of the disease. 
an irritant is injected into the joint. This 
auses inflammation in the synovial tissues 
'l ich surround the joint. Sandy has re

~ently produced the same effect by injecting 
to a joint an antigen to which the animal 
s previously been immunised . 
Synovial tissue does not normally come 

into contact with articular cartilages, which 
are a thin translucent layer of tissues cover
ing the surface of bones and the moving 
parts of the joint. 

The two main functions of the articular 
ti ssues are to provide a smooth, low fricti on 
surface, and to spread the load so that the 
underlying bone structures are not subject 
to excessive stress. 

Lowther says that during the inflammat
ory response, products from the synovial 
tissue affect both the collagen fibres and the 
proteoglycan of the cartilage. 

He says the best way to visualise the rela
tionship of the collagen fibres and proteog
Iycan is to consider a sponge - made from 
woven collagen fibres - filled with water 
thickened by gelatine - the proteoqlvcan. 

" Because of the water-holding properties 
of the proteoglycan molecule, the cart ilage 
tissues are mu ch more difficult to squeeze 
out when they are under stress. 

MONASH REVIEW 

"When proteoglycan is displaced from 
the collagen fibres during the inflammatory 
response, the f ibres lose their ability to ab
sorb shocks. 

"Our work shows that during the initial 
inflammatory response, proteoglycan is 
lost first. There are two reasons fo r this. 

" Fi rst there is an increased breaking 
down of proteoglycan due to the action of 
enzymes released from inflamed cells in the 
synovial tissue. 

" Second, there is decreased synthesis of 
the proteoglycan itself. 

" No rm ally, if proteoglycan is lost, the 
body can turn on its production and repair 
the damage. But in recurring inflammation 
this response apparently does not occur. 

" This means that as the proteoglycan is 
being attacked and the collagen fibres are 
being broken down, there is a loss of ability 
to replace the proteoglycan. 

"Whether this is a permanent loss or not, 
we do not know." 

Lowther says that during the inflammat
ory response, synovial tissue eventually 
produces the enzyme collagenase, which 
attacks the collagen fibres. 

He says: "Our experiments indicate that 
the destruction of the cartilage is in two 
stages. First , the joint loses proteoglycan . 
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teoglycan in cartilage cells grown in tissue 
cult ures, but we have not been abl eto show, 
as yet , that this takes place in th e joint," 
Lowther says . 

Welton is studying the inflammatory cells 
themselves in an effort to find what causes 
the release of the destru ctive enzymes. 

The resear chers have also been looking at 
effects of anti -inflammatory drugs, like as
pirin, on the metabolism of proteoglycan. 

Lowther says that rheumatoid arthritis 
was little described in medical literature be
fore the 1800s, whereas osteo arthritis, 
which attacks both humans and animals, 
has been known sin ce the earliest times. 

"The fact that there was no early general 
description of the disease despite the know
ledge that there were many acute observers 
of these conditions , suggests that 
rheumatoid arthrit is is a relative newcom er 
as diseases go ," he says. 

" Rheumatoid disease is rapidly becom
ing one of the more common disabl ing dis
eases and ranking third, next to cancer and 
heart disease. Those who contract 
rheumatoid arthritis may face a long, pain
ful life," he says. 

About one in 20 Australians suffers from 
rheumatoid arthritis or 
d iseases. 

closely associated 

Conunoeo on page 7 
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Numbers throw 
new light 
on tornado 
dynamics 

A MONASH mathematician and a former 
postgraduate student have developed a 
series of numerical models of tornadoes 
which throw new light on the way the 
highly destructive storms form and on 
many aspects of their dynamics. 

The models ove rcome many of the prob
lems associated with attempts to simulate 
tornadoes in laboratory experiments. 

The researchers are Dr Roger Smith, a 
sen ior lecturer in mathematics, and Dr 
Lance Leslie, who completed his Ph.D . 
cou rse at Monash, and later joined the 
Mel bourne-based Austral ia n Numerical 
Meteorology Research Centre. 

The centre is an independent unit, jointly 
sponsored by the Department of Science 
(Bureau of Meteorology) and the CSIRO. 

Smith says tornado es are the most vio
lent w ind storms in nature. They are long , 
na rrow, swirling vortices which develop 
bene ath massive thunderstorms, causing 
intense damage where the funnel -like vor
tex makes contact with the ground. 

On the rare occasions when m eteorologi
cal measuring equipment has been in their 
path, it has usually been completely de
m olished. 

Wind speeds 
Up to 350 km/h 

Their associated wind speeds have been 
estimated to exceed 350 km an hour. The 
vortex width can vary, but it is normally less 
than 1000 metres and is more typi cally 
about 100 metres wide. 

Their lifetime is usually only a few m i
nutes although some vortices surv ive for up 
to twenty minutes, and the y can leave a path 
of damage several kilometres long. 

The most devastating tornadoes occur in 
the mid-west of th e Un ited States, where 
they cause the loss of many lives and prop
erty damage running into hundreds of mill 
ions of dollars annually. 

In Australia, they occur in all the mainland 
states, but are relatively less frequent than 
in the U.S., with an estimated 15 a year in 
NSW and about five reported each year in 
Victoria. 

Last year, two people in Victoria were kil
led wh en a tornado passed ove r the car in 
which they were travelling and demolished 
it. 

Ac cording to Sm ith , there have been 
numerous theories on the w ay in which tor
nadoes form, but none have been very satis
factory. 

MONASH REVIEW 

Mat hematician "Dr Rager Smith demo nstrat es some of the air flo ws in tomeaoes wIth 
tne e.a of blackboard diagrams. 

Part of the difficulty has been the pau city 
of observati onal data . 

Because of this, there hav e been many 
attempts to simulate tornado-type vortices 
on a smaller scale in laboratories. 

Smith says tha t it is easy, up to a point, to 
generate the vortex, but it is-not possible to 
obtain very complete measurements of the 
three dimensional flow fi elds as the vortex 
grows or to get an understanding of the 
mechanism of its growth . 

He says the numerical model, which con
tains the essential ingredients of the type of 
thu nderstorms capable of spawning tor
nadoes, overcomes these problems, and all 
the air flows can be calculated . 

Using the model, the resear chers have 
been studyi ng how the vortex develops and 
the circumstances under which a particular 
cloud is likely to spawn a tornado. 

Smith says U.S. scientists have recently 
developed radar techniques which enable 
direct measurements of air movements in a 
thunderstorm to be made. 

These studies have led to the d iscovery of 
radar "signatures" in clouds which seem to 
be d irectly link ed w ith torn ado vortices. 

" W hat appear to be embryonic tornado 
vortices have been observed at heights of 
four to five km in cloud, up to half an hour 
before the tornado touches down on the 
ground," he says. 

" The radar signature is observed to de
velop downwards and mayor may not 
reach the ground, but where it does , it fol
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lows the track of the tornado, and when it 
does not, a tornado does not form ." 

Smith says : "Our the ory explains how the 
downward dev elopment can occur , and, by 
feeding in observed magnitudes for the 
cloud rotation, we hav e been able to cor
rectly simulate core size, vortex strength, 
atmospheric pressure reductions across th 
vortex, and the observed tim e scale for t 
growth of the tornado." 

Air updraft 
intensifies 

The num erical models have shown that 
tornadoes form as the air updraft in upper 
levels of the storm cloud intensifies and 
draws air towards it from outer parts of the 
cloud. 

This converging ai r, which already is 
rotating about the updraft, conserves its 
angular momentum, and , the further in it is 
drawn , the faster it rotates, and th e cen
trifugal forces it experiences increase. 

Ultimately, these become large enough to 
prevent further radial motion at upper levels 
of the cloud, and a core of strongly rotating 
air - the vortex - is formed about the up
draft. 

This vortex acts like the end of a pipe 
drawing into it rotati ng air from lower levels 
in the cloud. Again this air reaches a radius 
at which the centrifugal forces balance the 
pressure forces sucking it in . In th is way, the 
core of rotating air is extended downward. 
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On reaching the ground, the swirling vel
ocities, and hence the centrifugal forces on 
inflowing air, are reduced, and air con
verges into the vortex in a shallow layer at 
its base. 

The vortex formation requires the updraft 
strength and rotation strength to be within 
fairly rigid limits, which explains why thun
derstorms only rarely spawn tornadoes, 
Smith explains. 

How then do the typical "dust devils" of 
the Australian outback relate to tornadoes? 

Says Smith: "We have done some re
search on du st devils and we have deduced 
their dynamics as well. Like tornadoes, they 
are long, th in , rotating air flows, but they are 
driven quite differently. 

"The tornado, like its counterpart at sea, 
the waterspout, develops as a vortex 
downwards from a cloud, and is driven by 
strong air convection currents in the cloud. 

" Dust devils, on the other hand, are pro
duced on hot days by convection currents 
near the ground which intensify the rotation 
of gusts of wind. 

"One of the aspe cts not fu lIy understood 
about dust devils was the relationship bet
ween buoyancy and the vertical motion in 
the core of the dust devil. 

"The buoyancy force and the vertical mo
tion of air in the core had both been mea
sured, but the buoyancy force was too small 
to account for the rapid vertical accelera 
tion. 

"From our theories, we have been able to 
show that there is an addit ional mechanism 
associated with the development of the ro
tational field which adds to buoyancy and 
helps accelerate vertical air flow near the 
ground." 

Tropical cyclones
 
are different
 

Smith says tropical cyclones are 
- d ifferent ly structured, but often spawn tor

nadoes when they hit land. 
" Cy clones, which may be up to 200 km 

. across and 12 to 16 km deep, are squat, fat 
vortices. They are driven by a ring of thun
derstorms around the 'eye' and their 'fuel ' is 
the moisture they pick up from the sea. 

"This moisture is fed by surface winds 
into the central clouds and the heat released 
in the clouds as the moistu re condenses 
pr ovides buoyancy to maintain the cyclone. 

" Cy cl ones cause damage over wide 
areas, but the tornadoes they spawn can be 
highly destructive in small areas. We sus
pect that tornadoes are to blame for severe 
local devastation which does not fit the 
overall pattern of damage caused by the 
passage of the cyclone," he says . 

Tornadoes in Australia tend to be less se
vere than their U.S. equivalents, and often 
occur in relatively uninhabited areas. 

Traces of their strikes have been found in 
forests, where a swathe has been cut 
through trees, leaving trees skewed in diffe
rent directions, indicating the rotational ef
fe ct of the wind, Smith adds. 
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Boron singled out as 
key in weak welds 

SMALL AMOUNTS of boron in commer
cially available steel may be responsible for 
cracks in welds when the steel is sub
sequently heat treated to remove residual 
stresses, Monash researchers have found. 

The researchers believe the addition of 
titanium, a metallic element which com
bines preferentially with non-metallic bor
on, may solve the problem, which costs in 
dustrv millions of dollars each year. 

The research team, led by Associate Pro
fessor Reg. McPherson, of the department 
of materials engineering, singled out boron 
as the culprit after a long series of experi 
ments. 

McPherson has been working on prob
lems associated with welding for about ten 
years with assistance from the Australian 
Weld ing Research Association, which is fi
nanced by companies and other organisa
tions with welding interests. The associa
tion advises industry on welding problems 
and sponsors research work in universities 
and other institutions. 

McPherson says weak welds are a serious 
problem in all manner of const ruct ions, but 
they can cause particular difficulties in in
dustries needing containers which can op
erate under extremes of heat and pressure. 

Some of these " pressure vessels" may 
have thousands of welds and be made of 
steel up to 25 cm thick. They are used for 
purposes such as boilers in power stations 
and reactor vessels in oil refineries and in 
overseas nuclear power plants. 

In present technology, the welds in these 
vessels are tested by non-destructive 
means using x-ravs or ultra-sonic beams. 
The defective welds are repaired before the 
complete vessels are slowly heated to about 
600 C in huge furnaces to relieve residual or 
" locked- in " stresses introduced by the 
welding process. 

If the research team findings prove posi
tive, then the extrem ely expensive re
exam ination of the welds and the repair of 
welds wh ich have cracked du ring heat 
treatment will no longer be necessary. 

The team, which over the years has had as 
members Dr J. C. Ritter (now with the Cent
ral Electricity Generating Board, UK). Mas
ter of Engineering Science student N. C. 
Tranter, and Ph.D. student R. I. Presser, car
ried out an exhaustive series of experiments 
before singling out boron as the offending 
element in weak welds. 

This detective work involved utilising 
commercially available steel together with 
batches of steel containing different and 
varying amounts of trace elements specially 
prepared by the Melbourne laboratories of 
BHP Ltd. 

McPherson says boron, which usually oc
curs as an impurity in commercial steel, 
seems to be responsible forweakorcracked 
welds in concentra tions as low as six parts 
per million. 
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However, the reason for its ability to 
weaken welds in steels is not yet under
stood. 

Steel is made up of small crystals visible 
only under the microscope. When steel is 
heated by welding, it becomes molten at the 
point of the weld, and surrounding areas 
become heated. These areas are call ed the 
heat affected zones or HAl. 

When this heating occurs, the crystals or 
"grains". as they are called, increase in size 
in the HAl of the weld , and boron atoms 
move into the grain boundaries. 

When cooling occurs rapidly, such as 
when the welding electrode moves on , the 
boron remains segregated in the grain 
boundaries of the HAl. 

The presence of the boron at grain boun
daries causes their embrittlement at about 
600 C and cracking can occur during stress 
relief heat treatment. 

There are two methods of attacking the 
problem of boron in steel. 

One is to develop expensive refin ing pro
cesses which would ensure the production 
of boron-free steel. 

The more suitable alternative is to make 
steel in the normal manner and add 
titanium, which preferentially combines 
with the boron and stops it from moving 
into the grain boundaries of the HAl, thus 
preventing it from becoming "effective" 
during subsequent heat treatment. 

Up to now, he says, the generally ac
cepted explanation for re-heat cracking, 
which occurs when the structure is heated 
to remove the res idual stresses, involved a 
strengthening of the grains in the HAl, rela
tive to the grain boundaries, by precipita 
tion of carbides. 

But this mechanism did not appear to exp
lain all the observations satisfactorily. 

One of these is that the res istance to 
cracking or the "fracture toughness" of 
steel decreases to a very low value over a 
certain temperature range, which results in 
the propagation of cracks under the action 
of residual stresses. 

During experiments, Ritter found that the 
fracture toughness of the HAZ in commer
cial steels decreased to very low levels at 
600 C. 

This suggested that re-heat cracking 
originated from some form of embrittle
ment at the grain boundaries of the weld, 
and most probably arose from a concentra
tion or "segregation" of impurities at the 
boundaries of the weld . 

The next step was to verify whether or not 
re-heat cracking was in fact caused by im
purities in the steel, and, if so, what those 
impurities were. Using the steels prepared 
by BHP, a number of strictly controlled frac
ture tests were carried out. Tranter's con
tribution was to develop a technique which 

Contrnued overtee! 
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Tracking down boron
 
Conlmu ed l rom p age 5 

Associate Professor Reg. M cPnerson Ileft) and Ph.D. stuaent; R. I. Presser, examine a 
small furnac e used in the ir experiments. Other instrum en ts tested sp ecially prepared 
steet specimens un der load in the furnace. 

enabled preparation of specimens which 
had the same microstructure as the HAZ of 
the weld . 

This technique involved rapid heating by 
high frequency induction and cooling at a 
controlled rate by a stream of helium. The 
technique also allowed variations to be 
made to the heat treatment cycle to investi 
gate the ernbrirtiernent phenomenon in de
tail. 

Presser studied the fracture behaviour of 
the specially prepared "artificial" steels 
with the simulated HAl microstructures. He 
showed that severe embrittlement was only 
observed in steels which contained combi
nations of boron and aluminium. 

It was observed that ernbrittlernent only 
occurred if the steel was heated to tempera
tures greater than 1200 C during the weld 
simulation cycle. 

This is consistent with the fact that re-heat 
cracking only occurs in a narrow zone close 
to the weld deposit. 

Moreover, the removal of embrittlement 
by heating above about 600 C after welding 
was confirmed, and it was also seen that 
holding at a constant temperature between 
650 and 900 C for a few minutes during 
cooling from the peak temperature also re-
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moved embrittlement. 
McPherson says boron tends to segre

gate to the grain boundaries during high 
temperature treatment but it is precipitated 
in carbon-boron compounds in tempera
tures between 650 and 900 C. It tends to be 
removed from " so lut ion" in steel as boron 
nitride due to the presence of small con
centrations of nitrogen in the steel, unless 
the steel is treated with aluminium which 
combines preferentially with nitrogen. But 
because steels are usually ds-oxidised with 
aluminium, traces of boron become " effec
tive" in commercial steels. 

He says the experimental resu Its, taken 
together with the known behaviou r of 
boron, are consistent with the view that re
heat cracking results from the segregation 
of boron to the grain boundaries in parts of 
the HAZ heated to temperatures greater 
than 1200 C. 

The researchers are attempting to obtain 
direct confirmation of boron segregation by 
enlisting the aid of the Australian Atomic 
Energy Commission and the Institute de. la 
Recherche de Siderurgie in France. The two 
bodies have developed two extremely 
complex means of detecting both traces of 
boron and its distribution in steels . 
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Physiologists 
probe 
(ab jnorrnal 
brain cells 

TWO MONASH physiologists have found 
that a small number of nerve cells in the 
normal human brain contain abnormal 
structures. 

The structures, visible through an elec
tron microscope, include networks of fine 
tu buies, filaments and whorls of mem
branes and granular deposits. 

They are all of unknown origin . 
Previously it was thought that the pre

sence of these structu res was associated 
only with certain brain diseases. 

The physiologists carrying out the re 
search are Dr Brian Cragg, a reader in the 
department of physiology, who was re- ,..-. 
cently elected to the Australian Academy of 
Science, and Dr Sandra Rees, a National ' 
Health and Medical Research Council senior 
research officer. 

The researchers are investigating various 
aspects of the growth and development of 
the central nervous system. As part of the 
work, they have examined the effects of 
neu rotoxi ns on the developi ng nervous sys 
tem, the fine structure of the ageing and the 
mentally retarded brain, and the effects of 
visual experience on the growth of nerve 
cells in the visual system . 

The researchers say that to show that a 
particular kind of abnormal structure is 
characteristic of a particular disease, it is 
necessary to show that the number of struc 
tures present is greater than can be found in 
normal human brains. 

In order to provide a baseline for such a 
comparison, as the latter was unknown 
they counted the numberof abnormal struc
tures of various types found in normal ~ 

human brains. 
Cragg and Rees say : " It is most important 

for neuropathologists to be aware that ab
normal structures do occur in small num
bers in nerve cells in the neurologically 
normal brain. 

" It is only by understanding the structure 
of the normal human brain that alterations 
caused by disease can be accurately iden
tified," the researchers say . 

They feel the abnormal structures may 
form in the normal brain as a result of a 
temporary imbalance in the constant pro
cess of synthesising and breaking down the 
molecules which make up the brain. 
Cragg says: "The nerve cells we examined 

are in the cerebral cortex. This is a dense 
layer of nerve cells, about 3 mm thick, cover
ing the outside of the brain . 

" By signalling to each other, these nerve 
cells process information coming into the 
brain from the sense organs, and they per 
form many of the mental functions of the 
brain. 
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Above: Researche rs Dr Brlan Cragg and Dr Sandra Aees Below tet: This eiectron

micrograph shows whorls 01membranes In the cytoplasm of a nervecet: These whorls were
 
produced by InI&CNng a drug. suramin, into the cortex of a rat
 
Magnlfica~on xI 9,200.
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'T he constant process of breakdown and 
synthesis of molecules, which occurs in the 
nerve cells, requires the presence of 
catalysts, which are enzymes made of pro
tein . If the enzymes required for breaking 
down a certain molecule are not present, 
then this molecule will accumulate in the 
brain, 

"This happens in some people because of 
genetic defects, as for example, in Tay
Sachs disease, wh ich occurs predominantly 
in children of Ashkenazic Jewish descent. 

"In this disease, an enzyme which nor
mally breaks down lipids (fats I is absent. 
Consequently, lip ids accumulate in the 
nerve cells and form into whorls of mem
branes . This condition does not im
mediately cause death, but the ch ild is men
tally defective." 

Whorls of membranes have also been re
ported to occur in other pathological condi
tions such as schizophrenia, near brain 
tumours and in multiple sclerosis. 

However, the researchers have found 
similar whorls of membranes in small num
bers in the brains of humans free of such 
conditions. 

7 

They say the next stage in understanding 
the abnormal structures is to find out what 
they are made of . This is difficult to do in 
human brains except in certain d iseases 
such as Tay -Sachs disease. If experimental 
models of the abnormal structures could be 
produced in laboratory animals th is would 
greatly facilitate the study of how the ab
normal structures are formed, what hap
pens to them and to the nerve cells they 
occupy, and their chemical composit ion. 

Rees says : " W e have set up one such 
model by using a drug that interferes with 
the breakdown of certain lipids. When this 
drug, suramin, is injected in minute doses 
into the bra ins of rats , whorls of membranes 
appear in many nerve cells near the site of 
injection within 22 hours. 

" These whorls of membrane have disap
pear ed again by 14 days. 

" We are thu sable to study how the mem
branes assemble themselves into various 
configurations, and how the resulting struc
tures are broken down again. 

" Suram in appears to block the activity of 
several enzymes invo lved in breaking down 
lipids," 

At the Chi ldren's Hospital in Adelaide, Drs 
Carey, Nelson and Pollard measure the ac
tivity of these enzymes in samples from 
children from all over Australia. 

The Adelaide team is also determining 
which enzymes are blocked by suramin, and 
which lipids accumulate in the brains of the 
Monash rats . 

The researchers say there are several 
other drugs known to block the activity of 
enzymes required for breaking down large 
molecules. 

They hope to see whether any of these 
drugs lead to the appearance of the tubular 
and granular deposits which can also be 
found in both normal and dis eased human 
bra ins . 

Caring for 
arthritics 
Conunuet: from page 3 

Lowther says that people, whether they 
are affl icted by either the rheumatoid or 
osteo form of the disease, need special con
sideration from th e community, in addition 
to normal medical care, 

Preston has been closely concerned with 
the Rheumatism and Arthritis Association 
of Victoria, which seeks to identify the needs 
of arthritis sufferers, other than th ose in
volved in purely medical t reatment. He says 
many arthritis sufferers are housebound or 
have very little mobility and are increasingly 
dependent on family and friends, which is 
probably the greatest problem, particularly 
for those who hitherto led very active lives. 

Often simple redesigning of normal 
household appliances and provision of 
wheelchair ramps can enable a degree of 
independence v ital to the mental health of 
the arthritic, Preston adds. 
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Keeping cool with a magnet
 

A TEAM in the Monash department of 
physics has made further advances in the 
field of magnetic refrigeration. 

They hav e dev eloped a dev ice which has 
produced coo ling at ext rem ely low temper
atures, and is po tentially much more 
efficient than convent ional gas operated re
frigerators. 

Wo rk on magnetic ref rigerators began in 
the late 1920s. Early mag netic coo ling 
mach ines produced only l imited cooling 
effects. 

The Monash prototype, however, is cap
able of "pumping" large amounts of heat. 

According to Dr John Barclay, a forme r 
sen ior lecturer in physics who led the team, 
the magnetic refrigerator could have awide 
range of domestic and industrial applica
t ions. 

Barclay des igned the magnet ic re
frigerator with the assistance of honours 
student, Oscar Maze; another honours stu
dent, Uncoln Paterson, helped to build and 
test it . 

Development costs were surpris ingly 
small, runn ing into only a few thousand dol
lars. 

So far, the prototype has produced cool
ing at temperatu res clo se to minus 268 C . .. 
only a few degrees above abso lute zero 
m inus 273 C. 

Barclay has been working on the pro ject 
tor the last.two \learS with funds from.the 
Austra lian Research Grants Committee. He 
came to Australia from the US eight years 
ago on a Fellowship from the Austra lian In
st itute for Nuclear Scien ce and Engineering , 
and has been lecturing at Monash for six orbits describ ed as magnetic " moments" . 
years. These magnetic moments - like tiny bar 

He returned to the US early in November magnets - al ign themselves with the 
to take up a senior research position at the magnetic field , giving off heat in the pro 
Los Alamos Scientific Laboratories, in New cess. 
Mexico, where he has been engaged to Th is heat can be drawn away into a hot 
conduct further developmental work on reservoir. If the gadolin ium sulphate is then 
mag netic refrigerators. thermally isolated, or in sulated, and the 

He says there are many applications for magnetic field taken away, the system 
magnetic refrigerators, such as in cooling cools. The cooled salt is then put in contact 
superconductors used in power transmis with the cold reservoir, drawing heat from 
sion and energy storage, in food prepara the reservo ir. 
tion and storage, to cool electronic tele  This exercise can be repeated in a con
commun ications equipment so that a better stant cool ing cycle . 
signa l to no ise ratio can be achieved, in The deve lopment team say s there are ad
magnets for plasma confinement in fusion vantages in using a so lid coolant, in con trast 
and fo r spec ia l ised medica l equ ipment to a gas , in that a more compact machine 
wh ich has to be cooled to very low tempera  can be built. 
tures. Says Barclay : " Co nven ti o nal refrig

In the future, they could also be used to erators perform ve ry poorly when com
provide more efficient domestic refrigera pared to the optimum efficiency obtainable 
tion and air conditioning appliances. in any cool ing operation. 

Barclay explains that refrigerators gener " W ith the magnetic refrigerator, we hope 
ally operate by using a working substance to reach a level equ ivalent to 80 per cent of 
that absorbs heat at low temperature and optimum efficiency, making it several times 
expels heat at high temperature in a process mo re efficient than a conventional re 
that requires an energy input . frigerator:' 

With magnetic coo ling, the working sub He predicts that one of the major appliea-. 
stance is a salt - gadolinium sulphate  tions of magnetic refrigerators will be their 
which i s capable of being eas ily mag association with superconductors - gener
netised. A magnetic field is appl ied to the ally alloys of n iobium and titanium or 
substance, which has electrons moving in niobium and tin - which carry electric cur-

MONASH REVIEW 8 

DR JOHN BAReLA Y (right) and honours students Oscar Moze (teft) and Uncoln Paterson 
(at rea,) wo,k on thei, magneDc re/riga,ator p,o totype. Tha magnet which provides the 
coolmg ettec: moves verlically within tne cylinder. Photo, R L Bryant. 

rent w ithout power loss afte r they have 
been cooled. 

"To date , all superconductors require re 
frigerants like liquid nitrogen and liquid 
helium. Unfortunately, the efficiency of the 
machines producing liqu id gases like thes 
is not gre at. 

"In so far as the demand for liqu id hel ium 
will increase as superconducting applicp~ 

tions are introduced, it is wise to try to C:" 
velop more efficient, less massive and more 
economical refrigerators. 

"We bel ieve the mag netic ref rige rato rwill 
meet th is need admirably. It is also likely to 
be more reliable since the system is simple 
and involves on ly a few slow-moving 
parts." 

Barclay, who has specia lised in the area of 
low temperature physics, says one of the 
factors slowing down the development of 
superconducting power transmission and 
storage has been the search for more effi
cient refrigerators capable of " pum ping" 
large amounts of heat. 

"At present, gas-operated refrigerators 
are carrying out the task of provid ing the 
cooling power, but the major drawback is 
their inefficient operation." 

He emphasises that magnetic refrigera
tion offers flex ibil ity in producing a wide 
range of temperatures, simply by varying 
the working substance. 

Prln led by Brown Prior Anderson 
for M onash l Imver e-tv Mp lh(\IHn p 
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