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J O H N  F L E E T W O O D  B A K E R

B A R O N  B A K E R  OF W I N D R U S H

19 M arch  1901— 9 S ep tem b er 1985 

E lected  F .R .S . 1956

B y  J .  H e y m a n

I n t r o d u c t i o n

J o h n  F l e e t w o o d  B a k e r  re tu rn ed  to  C am bridge in 1943, as P rofessor of 
M echanical Sciences and  H ead  of the  D ep artm en t of E ngineering , and 
as a Professorial Fellow  of C lare College, w here he had  been an 
underg rad u ate . In  the  conflict of in terests, som etim es triv ial, som etim es 
painfu l, betw een ‘U niversity* and ‘C o llege’, Baker was clear, at least 
officially, as to w here his du ty  lay. H is staff was large— E ngineering  form s 
one ten th  o f the U niversity  o f C am bridge, and consum es p roportionately  
m ore th an  one ten th  of its resources— and his staff were in dem and , as 
m en of affairs, for various College offices. H e p re ten d ed  to deplore th is, 
and  w ould  occasionally, in the  D epartm en ta l C om m on Room , rail 
against the  College system , w hich seduced his lectu rers away from  the ir 
tasks of teaching and research to  the  tim e-consum ing  offices of B ursar or 
T u to r . In  fact, w hen a young lectu rer— and all his lectu rers were, to 
Baker, young— w hen a young lectu rer w ould sum m on the courage to 
confess th a t a College was p roposing  an appo in tm en t of th is sort, Baker 
was no t altogether displeased. H e took im m ense pains w ith  the app o in t­
m en t of his staff; he was quick to te rm inate  em ploym ent o f those who 
d id  no t m eet his h igh standards, in a way th a t is no t possible in these m ore 
bureaucra tic  tim es; and he gave u nstin ting  support to those he though t 
of as his team . If  one of these should  catch a C ollege’s eye, it was only 
confirm ation of the qualities of those in his D epartm en t.

In  1943 the E ngineering D ep artm en t was staffed by 24 lecturers, and 
there  was one o ther chair. In  1986 there  were 120 teaching staff, of w hom  
15 w ere professors, and th is grow th was fostered by Baker during  his 
25-year tenu re  of the H eadship . O f course the expansion was p a rt of the
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4 Biographical Memoirs

general explosion of the physical sciences in the period after W orld  W ar 
II , and Baker found him self paying a price for his own severe criteria  for 
appoin tm ent to his staff. T h e  function of a lectu rer was to teach, and, 
because it was engineering tha t was being taught, the candidate had to 
have served his tim e in industry  so tha t he could inform  his teaching w ith 
the real blood of engineering ra ther than  the dry  dust of academ e. Above 
all, the candidate should be w illing and able to do research. M em bers of 
staff who m et these criteria were w hat C am bridge needed, and Baker 
treasured  them ; they were also w hat the expanding universities needed, 
and as fast as Baker recru ited  his staff, so they were prom oted  to chairs 
round  the country  and abroad. Indeed , Baker was consulted in these 
m atters, and there were, in the 1950s and 1960s, few appoin tm ents m ade 
in the engineering departm ents of this country  w ithout B aker’s advice.

Baker took im m ediate steps in 1943 to provide facilities for research in 
his D epartm ent. By 1944 and 1945, w hen a re tu rn  to norm al life after the 
w ar could be foreseen, a com plete review of the teaching program m e was 
m ade. As a result the tw o-part T rip o s  came into being in 1946, and 
rem ained virtually  unchanged th roughou t B aker’s tenure  of the chair. 
Baker was on the one hand following the academ ic precepts of his 
predecessor, Inglis, and on the o ther he was revitalizing the syllabus to 
accom m odate the increasing dem ands of technological change.

In  all this, as indeed in all innovative action in C am bridge, Baker had 
to carry the Faculty  w ith him . T h e  U niversity  is the m ost dem ocratic of 
institu tions and appears to have no levers of pow er readily accessible. Its 
Faculty  Boards, however, respond to leadership, and the fact tha t a 
revised T rip o s  structu re , for exam ple, had to be argued step by step 
th rough  the Board ensured that, at the finish, the new venture w ould be 
em braced w ith enthusiasm .

An exam ple is the extraordinary  statem ent of needs prepared  by Baker 
and agreed to by the Faculty  Board very early in 1944, four or five m onths 
after Baker had taken office. In  addition to the com plete review of the 
T ripos, the Faculty  B oard’s report proposed the in troduction  of post­
graduate courses, an increased em phasis on research, and increased 
facilities for research students. T h e  report proposed a near doubling of 
the teaching staff. T h e  report proposed new laboratories, new w orkshops 
and new lecture room s. It was in fact a b lueprin t for the developm ent, 
on an unprecedented scale, of teaching and research in engineering in 
C am bridge. Baker saw to it tha t every single objective, however seemingly 
unattainable, was in fact am ply attained.

T h e  construction of the first postw ar buildings shows clearly how Baker 
w ent about things. T h e  1944 program m e had been subm itted  to the 
U niversity , b u t it was known that no governm ent funds w ould be 
available for building in educational establishm ents until 1947. How ever, 
by 1945 Baker had persuaded the U niversity  to appoint an architect. As 
a result, when resources became unexpectedly available in 1946, the 
Engineering D epartm ent, alone in the U niversity , had plans ready, and
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b u ild in g  o f th e  new  w orkshops s ta r ted  im m edia te ly . In  th e  sam e way, 
com ple te  p roposa ls  fo r th e  w hole site w ere ready  by 1948, and  a year la ter 
th e  m ain  new  block was s ta rted , th e  b lock to  be o p ened  by  H .R .H . T h e  
D u k e  o f E d in b u rg h  in  1952, and  know n now  as B aker B uild ing .

In  such  m a tte rs  B aker alw ays th o u g h t o f h im se lf as a lucky m an , one 
on  w hom  chance had  bestow ed  favours. B aker was a good m a th e m a tic ia n ; 
h is first book was on  d ifferen tia l equations, and  he had  a keen in te re s t in 
p ro b ab ility , in  the  d is tr ib u tio n  o f floor loads in  office b u ild in g s , for 
exam ple, o r th e  w ind  forces on  skyscrapers. H e  knew  th a t o f 10000 
asp iring  an d  equally  ta len ted  new sboys in  the  U .S .A ., on ly  one w ould  by 
chance becom e a m illionaire . H e  knew  th a t the  G o th ic  ca thed ra ls  we see 
are th e  ones th a t have n o t fallen dow n. In  th e  sam e w ay he reckoned  
th a t a t various tu rn in g  p o in ts  in h is life chance had  in te rv en ed  to  n u dge  
h im  th is  w ay ra th e r th an  th a t, th a t he had  been  available for a p a rticu la r 
po st a t a p a rticu la r tim e  w hen  p e rh ap s m any  o th ers  cou ld  have filled it as 
well. T h is  m o d est view , and  m odesty  is p e rh ap s  n o t th e  first a ttr ib u te  th a t 
sp rings to  m in d  w hen  try in g  to  describe  Jo h n  B aker, th is  m o d est view  o f 
the  role o f chance m u st o f course have som e substance, b u t th e re  is an 
en o rm ous m ass o f evidence, such  as the  1944 F acu lty  B oard  b lu ep rin t, 
w hich  m akes it d ifficult to  accept th a t B aker w ould  n o t have got on 
w hatever the  odds.

E a r l y  l i f e

T h e  Bakers cam e from  th e  C otsw old  village o f W in d ru sh  and , for th ree  
generations at least, m ost o f the  m en  w ere professional gardeners , several 
o f som e d istinc tion . B aker’s g rea t-g ran d fa th e r, T h o m as Baker, o f W in d - 
ru sh , was head  gard en er to  L o rd  S h erb o u rn e , and  T h o m a s ’s e lder son, 
G eorge, was head  gard en er to  L o rd  R evelstoke in  charge o f the  gardens 
at M em b lan d  near P ly m o u th  (G eo rg e ’s g randson  la ter occupied  the  sam e 
position).

T h o m a s ’s younger son Jo h n  (1838—1924) was B aker’s g ran d fa th er, and  
it was J o h n ’s e lder son Joseph  W illiam  (1872—1958) w ho m arried  Em ily  
C aro line F leetw ood  (1874-1952), and  w ho w ere B aker’s paren ts. G ra n d ­
fa th e r Jo h n  was S ecretary  and D irec to r o f R. P . K e rr  and  Co. L td , 
Seedsm en, o f L iverpoo l; fa ther Joseph  W illiam  had  a sh o rt career in 
business and  th en  tu rn e d  full tim e to  e tch ing  and  w ater-co lou r pain ting .

B aker was b o rn  on 19 M arch  1901 at L iscard , C hesh ire , and he grew  
up  in the  W irra l in a happy , com fortab le  and  hosp itab le  m iddle-class 
hom e. H is fa th e r’s in te rests  cen tred  on his pa in ting  and  his a rtis t friends; 
his m o th e r was m ore practical. T h e re  seem  to have been  no scientific or 
technical contacts, and  n e ith e r p a ren t appeared  am bitious for Baker or his 
o lder sister— it was tacitly  assum ed, how ever, th a t they  w ould  do 
som eth ing  w ith  th e ir  lives. T h ey  w ere given the  best possible education  
and  the  p aren ts  m ade som e sacrifices to  th is  end.

Baker w ent at the  age o f 6 to  a g irls ’ school (Sea Bank H igh  School)
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b u t w as a lready  acq u a in ted  w ith  som e o f th e  sy llabus; h is s ister had  
s ta r ted  a t th e  sam e school tw o  years earlie r and  ta u g h t h im  day by  day 
w h a t she h ad  learn t. A year la te r he w en t to  a p riv a te  school (L isca rd  H ig h  
School) w here  th e  s tan d a rd  o f teach in g  w as h igh , if u n o rth o d o x , and  
B aker p ro g ressed  sufficiently  w ell to  w in  an  en tran ce  sch o la rsh ip  o f £ 4 0  
a year to  R ossall School. T h is  w as in  D ecem b er 1914, b u t B aker jo in ed  
th e  school in  th e  su m m e r te rm  o f 1915.

D isc ip lin e  a t hom e an d  at h is p rev io u s  schools had  been  easy, and  B aker 
fo u n d  R ossall so m eth in g  of a shock. In te llec tu a l and  e th ical s tan d a rd s  
w ere h igh , b u t th e re  was n o th in g  gen tle  o r g rac ious ab o u t th e  school, 
p a rticu la rly  w ith  th e  increasing  rig o u rs  o f W o rld  W ar I. T e a ch in g  
suffered  fro m  th e  d e p a r tu re  o f m aste rs  to  th e  a rm y , b u t th e  s tan d a rd s  in 
m a th em atics  rem a in ed  h igh , an d  B aker ap p aren tly  received  an excellen t 
g ro u n d in g  in  th e  sub jec t. In d eed , in  h is p e n u ltim a te  year he took  all th e  
m ath em atics  p rizes an d  th o u g h t h im se lf to  be a real m a th em atic ian ; 
certa in ly  he w as aw arded , in  1919, a £ 6 0  O p en  M ath em atica l S ch o la rsh ip  
to  C lare  C ollege. H ow ever, in  th a t final year a t school, a fte r w in n in g  his 
scho larsh ip  and  befo re  s ta r tin g  at C am b rid g e , he was o vertaken  by  a 
y o u n g er boy  w hose b rilliance  conv inced  B aker th a t h is fu tu re  d id  n o t lie 
in  m ath em atics .

H e  som ehow  d e te rm in ed  to  be a civil eng ineer, a lth o u g h  n e ith e r  h is 
fam ily  n o r th e  school ap p aren tly  knew  m u ch  ab o u t th e  p ro fession . H is  
fa th e r was adv ised  th a t th e  ro u te  w as n o t th ro u g h  a u n iv e rs ity  b u t th ro u g h  
a pup illage , b u t he w as d e te rm in ed  th a t h is son sh o u ld  go to  C am b rid g e . 
I t  was only  afte r h is arrival at C lare  C ollege th a t B aker fo u n d  th a t, as a 
S cho lar in  M ath em atics , he w ou ld  in  fact be allow ed to  read  M echan ica l 
S c ien ces ; he took  th e  Q ualify ing  E x am in a tio n  (in m a th em atics  and  
m echan ics) and  jo in ed  th e  new ly  dev ised  first-y ear course.

In  O c to b er 1920 th e  E n g in eerin g  D e p a rtm e n t was c row ded  w ith  
re tu rn e d  ve terans o f th e  w ar, b u t the  new  course  seem ed to  be d irec ted  
m ore  to  tra in in g  new ly re tu rn e d  lec tu rers. In  any case th e  w ork  was n o t 
dem an d in g , and  B aker fo u n d  tim e to  read  w idely  in  o th e r sub jec ts, 
p a rticu la rly  F ren ch  lite ra tu re . (A language, as w ell as d iv in ity , L a tin  and  
h isto ry , had  been  re q u ired  sub jec ts  a t R ossall rig h t th ro u g h  th e  school.) 
T h e  teach ing  at C am b rid g e  was m u ch  as it is now ; som e lec tu rers  w ere 
b rillian t (for exam ple, B aker’s p ro fesso r, Ing lis), and  som e w ere dull. 
B aker took  firsts in all th ree  years; he was good in  all sub jec ts , b u t 
especially  in  th e  th eo ry  o f s tru c tu re s .

H e was n o t in sp ired  by  his th ree  years at C am bridge . E ng in eerin g  
appeared  to  be an im m ensely  com plex  pro fession , w here  experience  was to 
be gained  by  s ta rtin g  m odestly  at the  b o tto m  in som e in d u stria l o rg an i­
za tion ; the  know ledge th a t w ou ld  lead one even tually  to  the  top  w ould  
be g a th ered  only  slow ly. T h e re  ap p eared  to  be no research  on view  in 
the  D e p a rtm en t at C am b rid g e , and  B aker was scarcely aw are th a t such  
an activ ity  ex isted . H e looked, th en , for an in d u stria l ap p o in tm en t,

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


John Fleetwood Baker 7

perhaps w ith  a chem ical firm  such as B ru n n e r M ond  (IC I was n o t yet in 
existence), to set h im  on the  rig h t road. In  1923, how ever, jo b s  w ere 
difficult to  find, and  Baker was unem ployed  for six m on ths (he refused  
som e good adm in istra tive  posts because he was d e term ined  to  becom e an 
engineer). F inally , he accepted on 1 January  1924 a tem porary  post 
funded  by the  A ir M in istry  to  investigate s tru c tu ra l p rob lem s of airsh ips.

W o r k  o n  a i r s h i p s

Baker was appo in ted  as assistan t to  P rofessor A. J. S u tto n  P ip p ard , 
w ho was th en  at U n iversity  College, C ardiff. (P ippard  later m oved to  the  
P rofessorsh ip  of Civil E ngineering  at Im peria l College.) H is jo b  was to 
design and  b u ild  a braced  tu b u la r fram ew ork hexagonal in cross section 
(i.e. a p rim itive  airsh ip  s truc tu re), to  load it, to observe the  stra ins and 
so to check the  A irsh ip  S tressing  P ane l’s design rules. T h e  conditions of 
w ork w ere abou t those of a m odern  P h .D . s tu d en t; Baker was left m uch  
to his ow n resources at Cardiff, b u t w ith  an in terested  superv isor, S u tton  
P ip p ard , in the background.

T h e  w ork w ent well and  Baker tran sfe rred  to the Royal A ircraft 
W orks, C ard ing ton , in January  1925 as a regu lar m em ber of the  design 
staff. Som e of the  w ork was experim ental, som e theoretical. Baker was 
responsib le particu larly  for the  stress calculations, no tably  for the  m ain 
transverse  space fram es. T h e  stru c tu res  w ere exceedingly com plex and, 
in a technical sense, highly red u n d an t; s tra in  energy m ethods w ere used 
to m ake the  elastic calculations, and these calculations w ere very heavy 
in an age no t yet blessed by the electronic com puter. M oreover, s truc tu ra l 
theory  itself had  no t been developed sufficiently to be applied  w ith  
confidence to  the  problem s being tackled, and Baker had  a difference of 
opin ion  w ith  R. V. Southw ell, consu ltan t to the project, about the  validity 
of som e of the assum ptions. Specifically, Baker questioned  the applica­
bility  of S t V enan t’s assum ption , and asked to be allowed to m ake tests 
to  verify the  m atter.

Perm ission  was refused, and Baker resigned to m ake his own tests. 
H ow ever, he had  to  earn a living, and he re tu rned  to C ardiff in 1926 as 
an assistant lectu rer un d er P ippard . (T he  two retained  a close personal 
and academ ic relationship  th rough  the years; P ippard  & Baker, The 
analysis of engineering structures (2)# , first published  in 1936, has run  
th rough  m any editions.) Baker used his spare tim e to carry ou t tests on 
his p rim itive struc tu re , and the  results were published  by the Royal 
A eronautical Society (12, 13). T hese  papers give a first indication of 
the  intense w ork Baker was p repared  to p u t into his p u rsu it of 
know ledge. T h e  m athem atical w ork was heavy, and the experim ents 
pa in stak ing ; m oreover they showed that, for the  particu lar struc tu re  under

# Num bers given in this form refer to entries in the bibliography at the end of the text.
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investigation , B aker was co rrect. H ow ever, the  difference w ith  S ou thw ell 
d id  n o t p rev en t B aker’s re tu rn  to  C ard in g to n  each vacation  to  w ork  at 
th e  R .A .W .

T h e  objective o f the  w hole exercise was the  d e te rm in a tio n  o f elastic 
stresses, and  the  c rite rio n  for success o f the  design  o f th e  s tru c tu re  was 
th a t it w ould  be know n to  be in  a safe sta te  o f stress u n d e r service co n ­
d itions. T h e  team  engaged in  the  investigation  w orked  long and  h a rd , and  
p rob lem s o f seem ing d ru d g e ry  w ere en livened  by  th e  en th u siasm  o f those  
involved. A lesson was tau g h t here  th a t was n o t fo rg o tten  by  B aker—  
princ ip les  and  th eo ry  are n o t enough , b u t m u s t be su p p o rted  by  ted ious 
and  som etim es back -b reak ing  w ork. H is ow n team s, la te r on, w ere m ade 
to  serve an ap p ren ticesh ip  o f h a rd  p rob lem -so lv ing , and  these la te r team s, 
ju s t  as the  team  at C ard in g to n , w ere in sp ired  by  the  excitem en t o f the  
w hole opera tion . T h is  p a tte rn  co n tin u ed  u n til 1928, the  year o f his 
m arriage , w hen  B aker was due to  take up  th e  po st o f T ech n ica l O fficer 
to  th e  Steel S tru c tu res  R esearch  C om m ittee  (S .S .R .C .) , o f w hich  b o th  
Inglis and  P ip p a rd  w ere m em bers. H ow ever, at C h ris tm as o f th a t year 
he fell seriously  ill w ith  a lung  infection , euphem istica lly  called V in cen t’s 
A ngina, b u t a lm ost certa in ly  tubercu losis . T h e re  was no im p ro v em en t 
after th ree  m o n th s  and the  nex t six m o n th s  w ere sp en t in  a san a to rium  
in n o rth  W ales. B aker was d ischarged  w hen  he was no  longer able to  pay 
the  fees, and  was to ld  he w ould  never be able to  w ork again. N ecessity  
d rove h im  back to  w ork in Jan u a ry  1930, and  by  th e  m idd le  o f th a t year 
he was shou ldering  the  full responsib ilities o f T ech n ica l O fficer to  the  
S .S .R .C . V ery few knew , in  la ter life, th a t B aker had  been  w ritten  off in 
h is tw enties.

T h e  S t e e l  S t r u c t u r e s  R e s e a r c h  C o m m i t t e e

S tee l-fram ed  s tru c tu res  had  been  in  existence since the  tu rn  o f the  
cen tu ry , and  by  the  late 1920s th e re  was a m u ltitu d e  o f b u ild in g  
regu lations in  use th ro u g h o u t the  w orld . T h e  steel in d u stry  set up  the  
Steel S tru c tu res  R esearch C om m ittee  to  try  and  b rin g  som e o rd e r in to  
th is  chaos, and  one o f th e ir  first acts was to  patch  to g e th er a ‘C ode of 
P ra c tic e ’ from  existing  data. T h e  C ode was m ean t to  be a tem p o rary  
exped ien t, b u t it was accepted  at once by  the  L o n d o n  C o u n ty  C ouncil, 
and  fo rm ed  the  basis of B ritish  S tan d ard  449, a s tan d a rd  w hose ghost, 
nearly  60 years later, is only now  being  exorcised.

T h e  C om m ittee , in add ition  to  its em inen t professors, had  leading 
represen ta tives from  the  consu lting  and  con trac ting  w orld  as well as from  
the  governm ent research  stations. Such  a h igh -pow ered  com m ittee  can 
only m ake progress if it is p ro perly  serviced, and  it was B aker’s jo b , m o n th  
by m o n th , to  assem ble technical in fo rm ation , to  w rite  papers developing 
theory , to  oversee the  collection o f experim en tal evidence— in short, to  
m ake sure the  w ork of the  C om m ittee  was p rosecu ted . T h e  th ree  volum es 
record ing  the  findings o f the  C om m ittee , pub lished  betw een 1931 and
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1936, are a m o n u m en t to  th e  p rofession  of s tru c tu ra l eng ineering  and  to  
som e of its em in en t m em b ers, am ong w hom  m ay be singled  ou t, p e rhaps 
inv id iously , O scar F ab e r and  P ro fesso r B atho. A bove all, how ever, the  
vo lum es are a m o n u m en t to  B aker, w ho w ro te  a g rea t deal o f the  tex t, 
e ith e r by  h im se lf o r in  co llaboration  w ith  o thers  (14—17, 20—22, 25—32). 
B aker’s co n trib u tio n s  w ere recognized  im m ed ia te ly ; he was ap p o in ted  to 
th e  chair o f civil eng ineering  at B risto l in 1933, at the  age o f 32, and  he 
was aw arded  the  T e lfo rd  gold m edal. H e co n tin u ed  to  w ork for the  
C om m ittee  for an o th er 3 years.

Som e of the  experim en tal w ork o f the  C om m ittee  was o u ts tan d in g , in 
scale and  in  its resu lts. N ew  steel office blocks w ere being  co n stru c ted  in 
the  1930s; for the  first tim e, stresses on site w ere actually  m easured . T h e  
resu lts  w ere, to  say the  least, d isq u ie tin g ; the  q u an titie s  observed  on  site 
bo re  a lm ost no  re la tion  to  the  q u an tities  being  calcu lated  by  th e  designers. 
T h e  C o m m ittee  rap id ly  concluded  th a t ‘the  m eth o d  o f design in h e ren t 
in  the  [patched  together] C ode of P ractice  [the C ode still in use today] 
was a lm ost en tire ly  irra tional and  therefo re  incapable of re fin e m e n t’.

T h e  C om m ittee  w ere in ten t, how ever, on m aking  progress. T h ey  
d iscovered  w hat was w rong  w ith  the  design process to  p roduce  such  a 
m arked  difference betw een  p red ic ted  and  observed  behav iour. T h e y  
launched  a painstak ing  p rog ram m e of theore tical and  practical research  
to  de term in e  the  real behav iour o f a steel s tru c tu re , and  it is th is  w ork 
th a t is recorded  in  the  th ree  m o num en ta l volum es. F inally , in  th e ir  
Recommendations of 1936, the  C om m ittee  p roposed  a ra tional and  econ­
om ical m eth o d  for the  design  of large-scale m ultis to rey  steel fram es.

Heureux qui, comme Ulysse, a fa it  un beau voyage. I t  m u st be very 
satisfactory , at the  age o f 35, to  have com pleted  a m ajor scientific 
investigation , to  have pub lished  the  resu lts, to  have been  aw arded  the 
p rem ier gold m edal o f the  In s titu tio n  of Civil E ngineers, to  have been 
appo in ted  a p ro fesso r in a m ajor un iversity , and  to  have given engineers 
a new  way of designing  the  steelw ork for the  skyscrapers of the  fu tu re . T h e  
new  m eth o d  was, to  be sure, com plex, at least w hen m easured  against the  
u tte r  sim plicity  o f the  irra tional C ode of P ractice, b u t it w ould be sure 
to  m ake its way in tim e because of its rationality  and  its in h eren t econom y.

I t m u st have been all the  m ore u p setting  for Baker, at the  age o f 35, 
to realize, even as the  final rep o rt of the Steel S tru c tu res  R esearch 
C om m ittee  was being w ritten , th a t he had  essentially w asted his tim e for 
the  last 8 years. A sm all steel-fram ed  cinem a was u n d e r construction  in 
B ristol. T h e  C o m m ittee ’s new  m ethod  could deal w ith  the steel skeleton 
in its m ost sim ple form  of regu lar arrays o f co lum ns and  horizontal beam s, 
th a t is it could  deal w ith  g reat office blocks and w ith  skyscrapers. I t  could 
n o t deal w ith  the curved  g irder of the  cinem a balcony, or w ith  the light 
steelw ork of the p ro jection  room . W hat had  been p roduced  was a m ethod  
for hand ling  one particu la r type of s tru c tu re— a rational universal m ethod  
for steelw ork design was as far away as ever.

T h e  8 years w ere no t absolutely w asted, of course. Very m uch m ore
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was know n in 1936 about the real behav iour of steel fram es than  had  been 
know n at the s tart of the  investigation. A nd, m ost im portan tly , it was seen 
tha t an end of a road had  been reached. T h e re  was no po in t in refining 
still fu rth e r elastic m ethods of design; the  real w orld of the cinem a 
balcony was too com plex for there  to be any hope for trad itional design 
m ethods. B ut there  was as yet no signpost to the way forw ard.

P l a s t i c  t h e o r y

T h e  In s titu te  of W elding had been in terested  in the  w ork of the  Steel 
S tructu res R esearch C om m ittee, and Baker received su p p o rt for his later 
w ork from  the W elding R esearch C ouncil and, from  1946, from  the new ly 
form ed B ritish  W elding R esearch A ssociation. Indeed , the estab lishm ent 
in 1946 of a research in stitu tion  at A bington , seven m iles from  C am bridge, 
having close contacts w ith Baker and the E ngineering  D ep artm en t, is a 
very early exam ple of w hat is now know n as the  C am bridge P henom enon.

In  1936 only very small sum s of m oney were available, b u t the In s titu te  
of W elding provided  funds to em ploy an assistant at B ristol, John  
R oderick, la ter to be Professor of Civil E ngineering  at Sydney. F u rth e r, 
Baker was enabled to travel in G erm any  and to visit universities in the 
wake of a C ongress held in Berlin. O ne section of th a t C ongress had 
discussed the inelastic behaviour of steel s truc tu res— their behaviour 
w hen they were loaded beyond th e ir elastic lim its, and perm anen tly  
deform ed from  the elastic to the  plastic state, un til they finally collapsed. 
Several w orkers were involved; Baker m et M aier-L eibn itz  of S tu ttg art.

M aier-L eibn itz  had con tribu ted  to theory , and he had loaded experi­
m ental beam s un til they reached plastic collapse. If  one statem ent should 
be m ade about B aker’s con tribu tion  to struc tu ra l theory , it is th a t he 
realized, im m ediately and w ith absolute certain ty , th a t the way ahead lay 
in the exploitation of plastic theory ; m oreover, he had the drive and 
determ ination  to develop tha t theory  to the po in t w here it is accepted 
w orld wide. I t  was not to be an easy way ahead; false paths w ould be 
followed and detours had to be m a d e ; road blocks had to be cleared w ith 
the by now custom ary back-breaking labour. B ut the signpost was there, 
and was read correctly  by Baker— his life’s w ork had begun.

T h e  revolutionary idea of plastic theory  is very sim ple. W e requ ire  our 
build ings to stand up, so tha t we can use them  safely. T h e  conventional 
designer, the  elastic designer, a ttem pts to calculate the actual state of the 
s truc tu re , so tha t he can assure h im self tha t the build ing  is safe. T h e  
plastic designer m akes a trivial inversion of the design s ta tem en t: instead 
of requ iring  a build ing  to stand  up, he requires it no t to fall dow n. T h e  
question the plastic designer asks is then  not how a build ing  com ports 
itself un d er its loading, b u t ra ther how it could possibly collapse u n der 
an overload. T h is  collapse concept involves com pletely d ifferent calcula­
tions, referring  to perm anent plastic deform ations ra ther than  hypo­

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


John Fleetwood Baker 11

thetical elastic states (w hich the  Steel S tru c tu res  R esearch C om m ittee  
found  w ere no t even observable in practice). A nd it tu rn s  ou t, as a 
technical m atte r, th a t p lastic calculations give a far m ore accurate 
rep resen ta tion  of reality  th an  elastic calculations.

T h e  reason th a t calculated  elastic states cannot be observed in practice 
is th a t an engineering  s tru c tu re  is highly  sensitive to  very sm all im p e r­
fections. A slight m ism atch  of geom etry , w hether in m anufactu re  or in 
setting  out, will lead to large strains (and hence large associated stresses) 
of the  w hole s tru c tu re . T h e  elastic designer m u st m ake the assum ption  
th a t his s tru c tu re  is perfect, b u t his calculated stresses then  refer only to 
th a t perfect s tru c tu re , and  n o t to any real construction .

T h e  elastic designer’s assum ptions do, how ever, seem  reasonable, even 
if they  lead to  apparen tly  unobservable  elastic states; com m on sense 
w ould lead one to  believe th a t a trivial defect cannot really affect the 
s tren g th  of the s truc tu re . C om m on sense is in th is instance co rrect; the 
paradox is resolved by concluding  th a t the  calculation of elastic stresses 
is no t really relevant to the p red iction  of streng th . T h e  streng th  of a 
practical s tru c tu re  does no t depend  on an elastic stress reaching some lim it 
at one po in t in the s tru c tu re ; it is given by the  steady developm ent of 
unacceptably  large deform ations. I t  was precisely deform ations of th is 
sort th a t M aier-L eibn itz  had  observed in his tests of steel beam s, and tha t 
can be observed in any s tru c tu re  m ade of a m aterial th a t an engineer w ould 
consider reasonable to be used in practice. G lass and cast iron are b rittle , 
and are unsu itab le  struc tu ra l m a te ria ls ; w hat is needed is a m aterial w ith 
som e m inim al ductility . Steel in its plastic range exhibits th is ductility ; 
so does reinforced concrete, as m odern  designers have appreciated . I t is 
ductility  th a t accom m odates small practical im perfections of geom etry or 
lack of fit; M aier-L eibn itz  had found th a t the collapse loads of his beam s 
were always alm ost exactly reproducib le, no m atte r how roughly  he set 
up  his experim ents.

T hese  statem ents are m ade w ith h indsight. In  1936 Baker could see the 
signpost, b u t no t clearly the path , and the w ork w ent desperately slowly. 
In  Bristol he and R oderick m ade experim ents on sim ple portal fram es, 
and at once realized th a t the behaviour of com pression m em bers w ould 
requ ire  m uch  work. H ow ever, the pow er of plastic collapse analysis was 
already am ply confirm ed by 1939, w hen W orld  W ar II  in tervened.

A i r  r a i d  p r e c a u t i o n s

Baker left Bristol at the outbreak  of w ar to becom e Scientific A dviser 
to the M in istry  of H om e Security , at Princes R isborough. H e established 
there the D esign and D evelopm ent section of the Research and E xperi­
m ents D epartm en t, w here his first concern, du ring  the ‘ phoney w ar ’, was 
to consider the protection of production  by the correction of the design 
of w artim e factories. T hese  were subject to the phenom enon of ‘ spreading
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collapse’ from  initially slight bom b damage. F u rther, alm ost all the 
standard form s of air raid shelter were unsatisfactory. T h e  exception was 
the A nderson dom estic shelter, w hich was structurally  sound b u t liable 
to flooding in the w inter.

Baker realized that the plastic approach gave the key to the design of 
all structures subjected to bom b explosions. T h e  secret was to provide 
the structure  w ith continuity  and ductility, so that enorm ous am ounts of 
energy could be absorbed w ithout collapse or damage to the occupants. 
W ith these principles, new types of standard  shelters, including brick 
surface, were designed, and trench  linings and basem ent stru tting  could 
be proportioned. T h e  whole of this story, from  11939-43, has been told 
by Baker in Enterprise versus bureaucracy (6). 1

T h e  m ost spectacular application of plastic thejory was to the M orrison 
sh e lte r; over a million were m ade and over a quarter m illion tons of steel 
were used. T h e  intellectual basis of this design was both  simple and 
elegant, and unattainable, indeed unthinkable by the conventional elastic 
designer. T h e  shelter, of the shape and size of a dining table under which 
the family could sleep, was required  to squash down plastically by no m ore 
than 12 inches if the house collapsed. T h e  energy released in the collapse 
of a house can be estim ated w ith some accuracy; the energy absorbed in 
the plastic deform ation of steel can be calculated almost exactly. Equating 
the two gives the design of the shelter.

T here  is a curious postscript to the story of the M orrison shelter. Some 
nine years after its invention, in 1950, Baker m et M orrison in C am bridge, 
and told him  that he was applying for an award for the design of the 
shelter. M orrison com m ented, apparently seriously, ‘But I thought I 
designed it m yself’. I t is difficult, now, to know what to make of this 
exchange. M orrison may well have thought that the idea of a table by day 
and a bed by night had been his, and that this was the ‘design’ of the 
shelter. T he evidence is, in fact, that Baker had m ade the ‘design ’ in this 
sense, as well as making the plastic calculations. A nd there is a th ird  stage 
in any engineering project, w hich Baker was at pains to teach every 
student at Cam bridge. T h e  engineer’s job  does not stop after he has had 
the idea, nor yet after he has m ade the calculations— the engineer m ust 
ensure tha t his design is actually built. T here  were, in the event, 
form idable difficulties, in wartim e Britain, in actually constructing the 
M orrison shelter. In  1950, shortly after Baker’s conversation w ith 
M orrison, the Royal Com m ission on Awards to Inventors was in no 
doubt about agreeing to Baker’s claim, and he was awarded the sum  of 
£3000.

C a m b r i d g e

From  1943 onwards, at Cam bridge, Baker started building his team  for 
the prosecution of research on plastic theory. T here  was m ore m oney for 
the work, for research students, for research workers on contract, for
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designers to  be seconded to  C am bridge  from  in d u stry , and  progress was, 
by  p rew ar s tandards, rap id . By 1948, B ritish  S tan d ard  449 (the 20- 
year-o ld  p a tch ed -u p  C ode of P ractice) was m odified by the  insertion  of 
a single clause to p e rm it plastic design. N o guidance was given, b u t for 
the  first tim e a designer was p e rm itted  to  stop th ink ing  about how  a 
s tru c tu re  m igh t stand , and, instead , to  design it to collapse u n d e r a 
calculable overload.

Im m edia te ly , designers in B ritain  started  using the new  m ethod , 
encouraged by the  C am bridge  team  w ho them selves m ade calculations 
for m any early bu ild ings. F ro m  1948 onw ards the W elding  In s titu te  at 
A b ing ton  becam e a showcase for exam ples of plastic design, and  th ree  
separate  exam ples m ay be seen in the  new  bu ild ings o f the  C am bridge 
E ng ineering  L aborato ries. Baker h im self lectu red  in the  U n ited  S tates in 
1949 on plastic design m ethods and, despite  a som ew hat poor reception , 
the  U .S . steel in d u stry  th o u g h t it w orthw hile  to  send som eone to 
C am bridge  for a few m o n th s; as a resu lt, the  m ethod  took firm  hold in 
A m erica, and subsequen tly  a round  the w orld.

Baker had, in tw elve years, from  1936 to  1948, b ro u g h t the  w ork to a 
po in t w here it could be used in practice. P rogress m ay have seem ed slow, 
and the  w ar years d id  no t help , b u t it was an ex trao rd inary  achievem ent 
to have m oved from  an idea glim psed in the  1930s to an officially 
p e rm itted  m ethod  a decade later. Baker and his team , and  any engineer 
w ho cared to  learn the  techn ique, could  calculate the collapse load of a 
steel fram e, and  so provide an econom ical and safe plastic design for the  
s truc tu re . H ow ever, each s tru c tu re , or s truc tu ra l type, was tackled sui 
generis; there  w ere no supporting  p rincip les against w hich the  design was 
being calculated. Baker, in 1948, d id  no t yet know  of the fundam ental 
p lastic theorem s.

A few m onths before th is Baker m et, at a conference, W . Prager. Prager, 
a refugee from  G erm any , had m ade his way to B row n U niversity  in 
P rovidence R I in the early years of the  war. H e was an engineer by tra in ing  
and a pow erful self-taught m athem atician , and he was aware (from  
R ussian sources) of the  m athem atical theorem s of plasticity. P rager and 
Baker w ere very different m en, and never established a close re la tio n sh ip ; 
at th e ir first m eeting, how ever, they realized th a t each had m uch to offer 
the  o ther. Baker had a w ealth of practical know ledge and P rager could 
supply  the fram ew ork of m athem atical support. T h ey  agreed to establish 
exchanges betw een th e ir universities for young m em bers of staff, and from  
1948 for a few years visits of one or two years’ du ra tion  were arranged 
across the A tlantic.

Baker had  always tackled his problem s head on. T h e  assault on the 
m ounta in  took place on a broad  front, w ith painstaking uniform  moves 
forw ard. I f  the w ork was held up  at one point, then  o ther w ork was delayed 
un til the  block had been cleared. P rager, on the o ther hand, w ould pursue 
any im portan t road th a t w ent in the righ t d irection, and w ould leave 
unsealed peaks beh ind  him , unsolved problem s, perhaps to be re tu rned
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to later. I t w ould som etim es happen tha t, viewed from  behind, the 
unsealed peak was seen to be irrelevant to the progress of the work or, 
alternatively, a previously h idden  path  to the sum m it w ould be revealed.

T h e  cooperation betw een C am bridge and Brown universities was very 
fru itfu l; there was im portan t jo in t w ork (for exam ple on the repeated 
loading of structu res); the C am bridge team , once in possession of the 
underly ing principles, could begin to establish a rounded account of the 
engineering theory  of plasticity; and the A m erican w orkers developed a 
pow erful m athem atical fram ew ork for tha t theory, w hich they pushed 
forw ard in areas of practical im portance.

D uring  this period in w hich Baker was doing the w ork w ith w hich his 
nam e is inseparably linked, he was also reform ing the teaching at 
C am bridge, expanding the teaching staff and establishing the new labora­
tories. H e was also w riting. In  the 1950s, w ith plastic theory  firmly 
established, he published a massive tw o-volum e account of the history of 
the steel skeleton, covering the period of the Steel S tructu res Research 
C om m ittee th rough  to the developm ent of plastic design rules. In  the late 
1960s, w ith plastic theory  a central part of undergraduate  courses, he 
devised a tw o-volum e text on the plastic design of fram es for the use of 
students.

D uring  this period, also, he served on various national bodies. F rom  
1953 to 1963 he was a m em ber of the U niversity  G ran ts C om m ittee. He 
was a m em ber of Council of the Institu tion  of Civil Engineers. H e took 
part in an inquiry for the M inistry  of T ran sp o rt into the feasibility of 
adding a road above the rail track to Benjam in Baker’s F o rth  Bridge, and 
in another inquiry for the C entral E lectricity G enerating Board into the 
cause of the collapse of the T yne crossing towers. In  Cam bridge, from  
the 1940s th rough to the 1970s, he played a full part in adm inistration, 
serving on the G eneral Board and on the Faculty  Boards of o ther 
departm ents.

Baker had an extraordinary energy, bu t he could not have done all he 
did w ithout the protection of his family. Baker’s own door at the 
U niversity  was always open, b u t F iona shielded him  from  the burdens 
of dom estic arrangem ents, and m ade sure tha t his energies were conserved 
for w hatever he w anted to do. Baker indeed led a full social life, b u t he 
was not always easy w ith strangers. He could be tactless— com plaints in 
the Com m on Room about levels of surtax did not always receive sym pathy 
from  struggling jun io r lecturers. H e was som etim es prickly, and he 
som etim es had a quick tem per, and the family, and friends, had 
occasionally to sm ooth over some tem porary m isunderstanding. Baker 
relied very m uch on his h o m e; children and grandchildren were frequent 
visitors, and he and Fiona entertained and welcomed visits from  a wide 
circle of friends and colleagues.

Public honours were perhaps slightly slow in com ing. T h e  O .B.E. was 
aw arded in 1941, and it was to be 20 years later that he was knighted.
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Academic honours, however, arrived early. T he gold medal of the 
Institu tion  of Civil Engineers was followed by m any others; he played a 
charm ing game in wondering w hether he could acquire gold medals faster 
than grandchildren. He had more honorary doctorates than he could 
rem em ber. He was made a Fellow of the Royal Society in 1956. Finally, 
in 1977, he was made a life peer.

Baker enjoyed being a lord. He liked the break of a few days each m onth 
in London, and the atm osphere of W estm inster, and he played a major 
part in several m em orable debates. He liked also to visit for a few days 
the structural firm of which he was a director, which m aintained his 
contact w ith the real world of engineering, and from which he returned 
refreshed to Cam bridge and to Fiona. H appy indeed is he, who, like 
Ulysses, has made a splendid voyage, or like that other who achieved the 
fleece, and then returned to home and family, full of wisdom, to live out 
his life in peace.

Alas, Fiona died in 1979. Baker was afflicted with irritating disabilities 
to his eyes, bu t he continued to receive his friends at home, to lunch in 
his College and to dine on occasion. He was active to the last, and on the 
night before he collapsed he had been at a College function in honour of 
a colleague. Despite the miseries of the last few years, and some fits of 
depression, he was still buoyant—he had, after all, made a great voyage, 
he had achieved his fleece, and he knew it to be gold.

It is ju st possible that even Baker did not know how pure the gold was. 
He had constructed a theory, the plastic theory, as he thought to discuss 
the behaviour of steel frames. It turns out that the theory is universal, and 
can be applied to any material that is used for building. T he new theory 
of general structural design is applicable to the medieval cathedral and 
to the skyscraper. T he simple intellectual inversion, which seems a 
truism , was finally proved to be absolute.

If the designer can find any state for a building for which it is not at 
collapse under given loads, then the building is bound by the iron laws 
of mathem atics to be safe under those loads. This is the m aster theorem 
of simple plastic theory, a theorem used, consciously or unwittingly, by 
every structural designer.

A p p o i n t m e n t s

1924 Temporary post, Air Ministry.
1925 Technical Assistant, Design Department, Royal Aircraft Works.
1926 Assistant Lecturer, University College, Cardiff.
1928 Scientific Assistant, Building Research Station.
1930-36 Technical Officer, Steel Structures Research Committee.
1933-43 Professor of Civil Engineering, Bristol University.
1939-43 Scientific Adviser, in charge of Design and Development Section, Ministry of Home 

Security, Air Raid Precautions Department.
1939-48 Member, Civil Defence Research Committee.
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1943-68 Professor of Mechanical Sciences and Head of D epartm ent of Engineering, University 
of Cambridge.

1943-85 Fellow of Clare College, Cambridge.
1945-46 Scientific Advisory Com mittee, M inistry of Works.
1947- 56 Advisory Council, M ilitary College of Science.
1948- 63 Consultant, Naval Constructional Research Establishm ent, Rosyth.
1953-63 University G rants Committee.
1958-64 Chairman, Naval Educational Advisory Committee.
1962- 74 D irector, Technical Development Capital L td.
1963- 71 D irector, John Brown and Co. Ltd.
1964- 74 D irector, Cambridge Fender and Engineering Co. L td.
1975-76 President, British Association for the Advancement of Science.
1978 ID C  G roup L td : D irector of Research and Development. ID C  Consultants L td : D eputy

Chairman. ID C  Project M anagement Consultants L td : D irector.
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P r o f e s s i o n a l  a f f i l i a t i o n s

Institution of Civil Engineers: Fellow. M em ber of Council 1947—56. Vice-President 1969—71. 
Institution of Structural Engineers: Fellow. M em ber of Council 1936-39. Chairman, W estern 

Counties Branch 1935-39.
W elding Institute: Fellow. M em ber of Council. Chairman, Research Board. President 1971-73. 
Fellowship of E ngineering: Founder Fellow 1976.
Royal Institute of British Architects: Hon. ARIBA.
Institution of M echanical Engineers: Hon. F .I.M ech.E .
H on.F . South African Inst. C.E.

H o n o u r s

1931 O.B.E.
1961 K night Bachelor
1977 Created life peer (Baron Baker of W indrush)

Medals and prizes

Royal Society: 1972
Institution of Civil Engineers: 1932

1936, 1953
1937
1952

Institution of S tructural Engineers: 1951
1953
1957

W elding Institute: 1977

Royal Medal 
Telford Gold Medal 
Telford Prem ium
Howard Quinquennial Medal and Prize
Ewing Medal
Silver Medal
Gold Medal
Research Medal
Brooker Medal

Honorary degrees

1953 D.Sc. (Leeds) 1966 D.Sc. (Aston)
1958 D.Sc. (Manchester) 1968 D.Sc. (Leicester)
1960 D.Eng. (Liverpool) 1974 D.Sc. (Salford)
1962 L L .D . (Glasgow) 1976 D.Sc. (Cranfield)
1963 D.Sc. (Edinburgh) D.Sc. (Lancaster)
1964 D.S. (Ghent) 1978 D.Sc. (Bristol)

T h e  pho tograph  rep roduced  was taken in 1958 by E. N isbet.
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B i b l i o g r a p h y

Books

(1) 1929

(2) 1936

(3) 1954
(4) 1956

(5) 1969

(5a) 1971
(6) 1978

(W ith  P. F. F oster) D ifferential equations o f engineering science. O xford  U niversity  
Press.

(W ith  A. J. S. P ippard) The analysis o f engineering structures. L ondon : E dw ard A rnold. 
(2nd edn 1943, rep rin ted  1944, 1945, 1948, 1950, 1953; 3rd edn 1957, rep rin ted  
1962; 4 th  edn 1968.)

The steel skeleton. Elastic behaviour and design, vol. 1. C am bridge U niversity  Press. 
(W ith  M . R. H orne & J. H eyman) The steel skeleton. Plastic behaviour and design, vol. 

2. C am bridge U niversity  Press. (English Language Book Society edition  1961, 
rep rin ted  1963.)

(W ith  J. H eyman) Plastic design o f fram es. 1. Fundamentals. C am bridge U niversity  
Press.

(W ith  J . H eyman) Plastic design o f fram es. 2. Applications. C am bridge U niversity  Press. 
Enterprise versus bureaucracy ; the development o f structural air-raid precautions during 

the 2nd W orld W ar. O xford: Pergam on Press.

(7)
( 8)

(9)

( 10)

(ID

( 12)

(13)
(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

( 22)

(23)

(24)

Scientific papers, technical and popular

1924 W em bley stadium . Meccano M ag. 89.
1925 (W ith  A. J. S. P ippard) O n an experim ental verification of C astig liano’s p rincip le of

least w ork and of a theorem  relating to the torsion of a tubu la r fram ew ork. P hil. 
M ag. 1, 97.

1926 (W ith  P. F. F oster) T h e  determ ination  of m inim a-m axim a forces in certain  problem s
of dynam ic balance. Phil. M ag. 1, 635.

(W ith A. J. S. P ippard) O n the stresses in a spoked wheel under loads applied to the 
rim . Phil. M ag. 2, 1234.

Stresses in a stiff jo in ted  polygonal fram e under a system  of loads perpendicu lar to  the 
plane of the fram e. Rep. M emo, aeronaut. Res. Comm. (Coun .) 1039. L ondon : 
H .M .S .O .

1927 Secondary stresses in airship hull structures. Parts 1 and 2. J l  R . Aeronaut. Soc. 31 ,
1073.

1928 Secondary stresses in airship hull structures. P art 3. J l  R . Aeronaut. Soc. 32 , 1021.
1931 C om parison of the regulations governing the design of steel fram e buildings. First

report, Steel Structures Research C ttee , p. 14. L ondon : H .M .S .O .
Exam ination of bu ild ing  in course of erection. First report, Steel Structures Research 

C ttee , p. 75. L ondon : H .M .S .O .
M ethods of stress analysis. First report, Steel Structures Research C tteey p. 179. 

L ondon : H .M .S .O .
Equivalent eccentricity  and curvature in colum n form ulae. First report, Steel Structures 

Research C ttee , p. 211. L ondon: H .M .S .O .
1932 T h e  m echanical and m athem atical stress analysis of steel build ing fram es. Instn Civ.

Engrs. selected engineering paper , no. 131.
Deflection of certain  rectangular reinforced concrete slabs freely supported  along two 

parallel edges. Concr. Constr. Engng 27, 691.
1934 A note on the effective length of a pillar form ing part of a continuous m em ber in a

build ing fram e. Second report, Steel Structures Research C ttee , p. 13. L ondon: 
H .M .S .O .

T h e  stress analysis of steel building frames. Second report, Steel Structures Research 
C tteey p. 200. L ondon: H .M .S .O .

An investigation of the stress d istribu tion  in a num ber of three-storey  steel building 
frames. Second report, Steel Structures Research C ttee , p. 241. L ondon: H .M .S .O .

1935 A distribu tion  m ethod of stress analysis. Rep. Memo, aeronaut. Res. Comm. {Coun.)
1667. L ondon: H .M .S .O .

1936 T h e  rational design of steel building frames. J . Instn civ. Engrs 3 (1935-36), 127.

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


18 Biographical Memoirs

(25) 1936

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35) 1937

(36) 1938

(37) 1939

(38) 1940

(39)

(40)
(41)

1941

(42) 1942

(43)

(44) 1945

(45)
(46)
(47)

1947

(48) 1948

(49)
(50)

(W ith P. D. Holder) Investigations into the design of building frames: an investiga­
tion of the stress distribution in the steel framework of a m odern hotel building. 
Final report, Steel Structures Research Cttee, p. 8. London: H .M .S.O .

(W ith P. D. Holder) Investigations into the design of building frames: an investiga­
tion of the stress distribution in the steel framework of a m odern office building. 
Final reporty Steel Structures Research Ctteey p. 140. London: H .M .S.O .

(W ith P. D. Holder) Investigations into the design of building frames: an investiga­
tion of the stress distribution in the steel framework of a modern residential flats 
building. Final reporty Steel Structures Research Ctteey p. 228. London: H .M .S.O .

Investigations into the design of building frames: a review of tests on three existing 
buildings. Final reporty Steel Structures Research Ctteey p. 250. London: H .M .S.O .

(W ith E. Leader W illiams) Investigations into the design of building frames: the 
effect of wind loads on frames with semi-rigid connections. Final report, Steel 
Structures Research Ctteey p. 402. London: H .M .S.O .

(W ith P. D. Holder) Investigations into the design of building frames: the behaviour 
of a pillar forming part of a continuous m em ber in a building frame. Final reporty 
Steel Structures Research Ctteey p. 436. London: H .M .S.O .

(W ith E. Leader W illiams) Investigations into the design of building frames: a study 
of the critical loading conditions in building frames. Final report, Steel Structures 
Research Ctteey p. 471. London: H .M .S.O .

(W ith E. Leader W illiams) Investigations into the design of building frames: the 
design of stanchions in building frames. Final reporty Steel Structures Research 
Ctteey p. 511. London: H .M .S.O .

A new method for the design of steel building frames. International Association for  
Bridge and Structural Engineering Publ. 4 , 113.

Axial loads and torsion in steel beams. 2nd Congress, International Association for Bridge 
and Structural Engineering Prelim. Publ.y p. 865.

M odern m ethods of structural design. Institution lecture to students 1936-37.^7. Instn. 
civ. Engrs 6 (1936-37), 297.

(W ith J. W. Roderick) An experimental investigation of the strength of seven portal 
frames. 1st interim  report, Panel of Fram e Structures. Institute of Welding Report 
I /R . 42. Reproduced from Trans. Inst. Weld. 1, 206.

Recommendations on higher working stresses in steel structures. British Steelwork 
Assoc.

(W ith J. W. Roderick) Investigation into behaviour of welded rigid frame structures. 
2nd interim  report, Sub-C ttee on Frame Structures. Inst, of Welding Report 6/R .42. 
Reproduced from Trans. Inst. Weld. 3, 82.

T he resistance to collapse of structures under air attack. J . Instn civ. Engrs 14, 481; 
Chartered Surveyors' Instn J l  19, 568; and Survr munic. C ty Engr 97, 123.

Single storey wartime factory design. J . Instn civ. Engrs 16 (1940-41), 73.
(W ith J. W. Roderick) Plastic theory— its application to design. Trans. N E . Cst Instn 

Engrs Shipbldrs 57, 255.
The design of protective structures and the defence of industry. J . Instn mech. Engrs 

147, 49; J . Instn elect. Engrs 89, 171.
(W ith J. W. Roderick) T he behaviour of stanchions bent in single curvature. T h ird  

Interim  Report, Sub-Cttee on Framed Structures. Inst, of Welding Report 18/R.42. 
Reproduced from Trans. Inst. Weld. 5, 97.

T he problem of brittle fracture in ship structures. B I S R A y Brittle Fracture in M ild  
Steel Platesy Report of the Proceedings at a Conference, Engineering Laboratory, 
Cambridge University, p. 7.

Brittle fracture in mild-steel plates. I. Engineering 164, 532.
Causes of low ductility in mild steel. Engineering 164, 548.
(W ith J. W. Roderick & M. R. Horne) Plastic design of single bay portal frames. Br. 

Weld. Res. Assoc. Report FE 1/2.
(W ith J. W. Roderick) The behaviour of stanchions bent in double curvature. Weld. 

Res.y Lond. 2 (1), 2.
(W ith J. W. Roderick) Further tests on stanchions. Weld. Res.y Lond. 2 (6), 110.
Plasticity as a factor in the design of wartime structures. In The civil engineer in wary 

vol. 3, p. 30. London: Institution of Civil Engineers.
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( 51)

(52)
(53)

(54)

(55)

(56)
(57)
(58)

(59)

(60) 

(61) 

(62)

(63)
(64)
(65)

(66)
(67)
( 68)

(69)

(70)

(71)

(72)
(73)

(74)

(75)

(76)
(77)

(78)
(79)
(80) 
(81)

(82)

(83)

(84)

1948 (With E. Leader W illiams & D. Lax) The design of framed buildings against
high-explosive bombs. In The civil engineer in war, vol. 3, p. 80. London: Institution 
of Civil Engineers.

1949 Problems of welded ship design. Engrs’ Dig., Lond. 10, 267.
A review of recent investigations into the behaviour of steel frames in the plastic range. 

J. Instn civ. Engrs 31, 188.
(With F. B. Bull) The measurement and recording of the forces acting on a ship at 

sea. Part. I. Sea trials on a 10,000 ton deadweight cargo steamer. Trans. Instn nav. 
Archit. 91, 29.

(W ithM . R. Horne &J. W. Roderick) The behaviour of continuous stanchions. Proc. 
R. Soc. Lond. A 198, 493.

1950 The design of steel frames. Struct. Engr 27, 397.
(With J. Heyman) Tests on miniature portal frames. Struct. Engr 28, 139.

1951 Shortcomings of structural analysis. 20th Andrew Laing Lecture. Trans. NE. Cst Instn
Engrs Shipbldrs 68, 31. Also Engineering 173, 57, 92.

A review of research in structural steelwork with particular reference to the behaviour 
of structures beyond the elastic range. Bldg Res. Congr. div. 1, p. 96. 

Comportement et conception des ossatures metalliques. Revue Soud. Brux., 7, 
128.

(With M. R. Horne) Effect of internal stresses on the behaviour of members in the 
plastic range. Engineering 171, 212.

1952 (With J. W. Roderick) Tests on full-scale portal frames. Proc. Instn civ. Engrs 1(1),
71.

(With B. G. N eal) Economy of steel. Research, Lond. 5, 412.
1953 Plastic design. Natn Bldr, Lond. 32, 9.

(With M. R. Horne) Nouvelles methodes d ’analyse et de conception des construc­
tions dans la zone plastique. Revue univlle Mines 9, 326.

The theory behind plastic design. Natn Bldr, Lond. 32, 281.
1954 The bridging of the Severn. Survr munic. Cty Engr 113, 177.

(With M. R. Horne) New methods in the analysis and design of structures in the 
plastic range. Br. Weld. J. 1, 307; also Weld. Res., Lond. 1, 7.

The development of steel structural design in Great Britain. (Symposium vaste en 
Beweegbare Staalconstructies.) Ingenieur, Hamb. 40.

1955 (With K. G. Eickhoff) The behaviour of saw-tooth portal frames. Conference on the
Correlation between Calculated and Observed Stresses and Displacements in Structures, 
p. 107. London: Institution of Civil Engineers.

1956 (With K. G. Eickhoff) The behaviour of a symmetrical pitched roof portal loaded to
collapse. 5th Congress, I.A .B .S .E . Prelim. Publ.

The steel skeleton. Weekly evening meeting, 10 February, The Royal Institution. 
(With J. Heyman) Ossatures metalliques dans la stade plastique. Schweizer Arch, 

angew. Wiss. Tech. 22, 213.
Teaching of the plastic theory of structures. (Paper for Symposium on the plastic 

Theory of Structures, Cambridge, 1956.) Br. Weld. J. 3, 377.
1957 (With C. F. T ipper) The value of the notch tensile test. Proc. Instn mech. Engrs 170,

65. (Also published in Bull. Weld. Res. Coun., p. 37.)
1958 Design of steel frames for buildings. Struct. Engr (Jubilee issue), p. 96.

(With T. M. Charlton) A test on a two-storey single bay portal structure. Br. Weld. 
J • 5, 226.

1960 Stahlbelastungen in Skelettkonstruktionen. Zentbl. IndBau 6, 408.
The plastic design of steel-framed buildings. New Scient. 7, 137.
(With J. Heyman) Development of plastic design. Bldg Steel 1 (2), 4.

1961 (With M. R. Horne & L. G. Johnson) Use of plastic theory in the design of a
fabricating shop. Proc. Instn civ. Engrs 20, 507.

Steel stresses in modern buildings. In Research and discovery, p. 42. London: Central 
Office of Information, H.M.S.O.

1962 The plastic method of designing steel structures. Trans. Am. Soc. civ. Engrs 127 (2),
3387.

The design of high buildings: a review of some engineering problems. Symposium on 
the design of high buildings, p. 9. Hong Kong University Press.
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(85)

(86)
(87)

(88)

(89)
(90)

(91)
(92)
(93)
(94)
(95)

(96)

(97)
(98)

(99)

( 100)
( 101)

( 102)
(103)
(104)
(105)
(106)
(107)

(108)

(109)

(H O )
(HI)
( 112)

(113)
(114)

1962 Steel stresses in modern buildings. In Research and discovery, p. 42. London: Central
Office of Information, H .M .S.O .

1963 Plastic design in steel to B.S. 968. Br. constr. Steelwk Assoc. publ. 21.
The use of universal sections in the design of multistorey buildings.^. Iron Steel Inst. 

201, 707.
1965 Building in steel. Investors Chronicle (suppl.), 7 May.

Papers on education

1948 Engineering at Cambridge. Engineering 165, 449.
1951 The development and trend of university education in engineering. Proceedings of the

Joint Engineering Conference, I.C .E .y I.M ech.E .y I.E .E .y p. 261.
1952 Scientific training at Cambridge. Flight 62, 678.

The universities and post-graduate courses in technology. Universities Qtly 6 , 147. 
Future of higher technological education in Britain. Nature , Lond. 169, 1091.

1957 Engineering education at Cambridge. Proc. Instn mech. Engrs 171, 991.
1959 Engineering education and its place in the university. 8th Congress of the Universities

of the Commonwealthy 1958. Report of proceedings, p. 29. Association of Universities 
of the Commonwealth.

1960 The contribution of the universities to the teaching of management. Proc. Instn civ.
Engrs 17, 226.

1962 Technical education. Education 120, 15.
1964 The engineer in the United Kingdom. I. Education and recruitment. Progress, Lond.

59, 182.

Miscellaneous papers

1936 (With J. Armitage) The life and works of Thomas Telford. Civil Engineering Nov. 
and Dec. (Also Feb. and April 1937.)

1953 Charles Edward Inglis, 1875-1952. Obit. Not. Fell. R. Soc. Lond. 8 , 445.
1961 The work of the Institution’s Research Committee; Unwin Memorial Lecture, 1961.

Proc. Instn civ. Engrs 20, 209.
1962 The work of engineers. Engineer 214, 196.
1964 The airship adventure. Fortnightly 276 (October).

Sights on the future. Financial Times (Civil Engineering Suppl.), p. 52. 16 November. 
Engineering. Where (suppl 2). November.

1974 Champion of engineers. (An interview.) New Scient. 63 (906), 137.
1976 The engineer and survival. (Presidential Address to the 138th Annual Meeting of the

British Association for the Advancement of Science.) B.A.A.S.
1977 William Henry Glanville, 1900-1976. Biogr. Mem. Fell. R. Soc. 23, 91-113.

Speeches in the House of Lords

1977 Hansard 380, 35, 2 March, Col. 649-653. Debate on research and development.
(Baker’s maiden speech.)

Hansard 383, 72, 25 May, Col. 1355-1360. Debate on energy policy.
1978 Hansard 393, 96, 19 June, Col. 817-822. Debate on industrial growth.

Hansard 397, 18, 12 December, Col. 514-520. Debate on industry: creative work 
opportunities.

1980 Hansard 405, 88, 27 February, Col. 1379-1385. Debate on Finniston Report.
1983 Hansard 443, 8, 4 July, Col. 459-463. Debate on engineering research and develop­

ment: Report of the Science and Technology Committee.
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