
To m ost of us nuclear physics
is a  m yst ery. Bu t  the  p ar t
c o n  c rete  has p layed  in  th e
d e ve lopm e n t o f n u clea r

p  ower stat ion s is n o m yst ery, n or
a re the construction  techniques be-
yon d  th e scope of an y con tra c t o r.
Co n  c re te is the  on ly p ractical m a-
t e ria l for a  large p erm an en t sh ield
again st th e dangers of rad iation . It
also offers the ad vantages of bein g
i n  e x p  e n  s i ve , easy to  b u ild  with ,
s t ru  c t u  rally se lf-supp ortin g, virt u -
ally in d estru  c t i b  l e, an d  d evoid  o f
m ain tenance costs.

Au t h  o rities in  bo th  t he  Un  i t e d
Sta tes an d  Eu rope  are  p re d i c t i n  g
that the econom ic bre a k t h  rough for
n uclear power will occu r a ro u  n  d
1964 an d  1965, an d  tha t the  wid e-
s p  read  u se  o f n u clear en ergy for
peacefu l pu rposes will follow ra p  i d-
l y. Nu clear p ower p lan ts are  clean
an d  com p act an d  can  b e bu ilt  al-
m ost anywhere. Coal and  oil can  be
used  m ore p rofitab ly as sou rces of
syn thet ic raw m ateria ls th an  as
s o u  rces of heat. It is n one too soon
to begin  th inking abou t bidding on
your first nuclear job.

Radiat ion
How d oes a nuclear reactor work

to  p rod uce electr ic power? Bri e f l y
stated , n uclear fission  (the splitting
of the atom ) takes place at the  cen -
ter of th e  re a c t o r. Th e split tin g is
done by bom barding the fuel (either
u  ran ium  or p lu ton iu m ) with  n eu -
t ro n  s.  Du rin g th e p rocess va s t
quantities of energy are given off in
th e  fo rm  of hea t. Th is h ea t is ab-
sorbed  by a p ri m  a ry cooling m edi-
um  (frequently carbon  dioxide gas),
which  passes to a heat exc h  a n  g e r. In
the exchanger water is conve rted to
steam  and is used  to dri ve a tu rbine
an d  th us t o gen era te e lectr icity in
the conven tion al way.

The m ost im portant  task of con-
c rete  in  th is p rocess is to p rovide a
b iological sh ield—an  effective bar-
rier against the lethal radiation . Ju  s t
h  ow the concrete behaves to absorb
this rad iat ion  is difficult to explain ,
bu t  som e un derstanding of the ac-
tion  will m ake a nuclea r concre t i n  g
job  m ore in teresting. Essen tially the
two m ost  seve re form s of ra d i a t i o n
em it ted  as p roducts of n uclear fis-
sion  are  h igh  en ergy gam m a ra y s
an d  fast neutro n  s. For pract ical pur-
poses th ese two form s of ra d i a t i o n
a re the ones that the shield m ust ab-
s o r b. Atten uation  of the gamm a ra y s
is com para t i vely easy and  is alm ost
d i rectly p ro p  o rtional to the den sity
of the shield m aterial. As density in -
c reases grea ter protection  is there-
f o re provided  per unit of thickness.

The neutro n  s, on  the other hand ,
a re slowed d own  m ore  effec tive l y
in  an  en t ire ly d iffe ren t  way—by
collision  with figh ter chem ical ele-
m  e n  t s. This sim ple e lastic collision
t ra n  s f o rm s th e n eu tron s in to low
e n  e rgy th erm al n eu tro n  s, wh ich
a re  ab sorbed  in  p ro p  o r t ion  to  the
c a p  t u  re  cross section  of the va ri o u  s
chem ical elem ents in  the con cre t e.
Th e n u cle i o f h yd rogen  a tom s are
the  m ost effective in  slowin g dow n
the  h igh  en ergy n eu tron s an d  ab -
sorb in g the rm al n eu tro n  s, sin ce
th eir m ass  is  a lm ost  t he  sam e as
th a t  o f n eu tro n  s , an d  t hey have  a
h igh  cap tu re  cross section . The hy-
d rogen  atom s in  th e  con cre t e
shield  are p rovided  by water which
com bin es with  the cem en t  d uri n  g
p  l a c i n  g .

Co n s t r u c t io n  o f n u c le a r  
p o we r  s ta t io n s

Reactor structure for the Brit ish nuclear power stat ion at  Hinkley Point  on the
Bristol Channel just  before the roof slab was placed. Note the many openings in
the walls for operat ional and test ing purposes.
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Un f o r tunately m axim um  den sity
is n ot  com p atib le  with  m axim u m
h yd rogen  (water) con ten t. A b al-
an ce m ust there f o re b e  struck b e-
t ween these two factors if both gam -
m a rays an d  n eu tron s are to  be
absorbed. In  the design of the sh ield
th e d egree of p ro tect ion  desire d
m u st  also  be  rela ted  to the  space
a vailab le an d  t o ove rall cost . Ord i-
n  a ry concrete p rovides the cheapest
shield , but the thickness of the walls

ca n  b e red uced  by u sin g special
h eavy aggrega tes to  p rodu ce  con -
c re te  of a greater den sity. The best
k n  own  of these heavy aggregates are
b a ry t e s, lim on ite, m agn etite  an d
g raded  steel scra p.

The Brit ish program
In  British n uclear power stat ion s

o rd i n  a ry re i n  f o rced concrete is used
a lm ost  en tirely for sh ield in g pu r-
p  o s e s. Ba rytes con cre te is used  a t

som e po in ts wh ere th in  walls a re
n eed ed  for access purposes, bu t in
g e n  e ra l it is n ot p op u la r. The h igh
cost  of special aggregates in  Bri t a i n
is probably the m ain  reason  for this.
Ba rytes con crete  has, h owe ve r,
foun d  wide  accept an ce  fo r m an y 
e x p  e rim en tal reactors and  in  lab o-
ra t o ri e s.

At presen t there are som e twe l ve
m ajor nuclear power stations either
in  service or a t som e st age of con -
s t ru ction  in  Britain , ea ch of wh ich
c o n  t a i n  s, or will con tain , fro m
70,000 to 350,000 cubic ya rds o f
c o n  c re t e . Th e special position  o f
Brita in  in  th is field  shou ld  perh  a p  s
b e exp lain ed . For cen turies Bri t a i n
has relied on coal as her only sourc e
of energ y. The best quality seam s of
coal are n ow played  out an d the  al-
t e rn  a t i ve is e ith er im p orted  oil o r
nuclear powe r. St ra t e g i c a l l y, nuclear
p  ower is pre f e rable—hen ce the con-
s t ruction   p ro g ram . 

The largest contractor for n uclear
p  ower work in  Britain  is Ta y l o r
Wo o d row Co n  s t ru ct ion / Ltd ., o f
Sou thall, Middlesex. This org a n  i z a-
tion  has just  com pleted  t he  civil 
e n  g i n  e e rin g work for  the Hi n  k l e y
Point station  on  the Bristol Chann el
an d  is n ow breakin g groun d  fo r 
an o ther 5-year job  a t Si ze well in  
Su f f o l k .

In this cross-sect ional plan drawing of a reactor structure the let ter “ T”
designates the thermal lining and the let ter “ C”  indicates the space for the
cooling medium.

View of the turbine hall at
Hinkley Point  showing some
of the complex machinery
foundat ion which are typical
of such structures.



A study of the Hinkley Poin t p ro-
ject shows the  exten t to which con -
c rete is used  for a nuclear power sta-
tion . Th e work is typ ical, eve n
though  Hinkley Poin t is the world’s
l a rgest nuclear station , with an  out-
pu t of 500,000 kilowatts for the two
re a c t o r s. The total quan tity of con -
c rete p laced  exceeded 300,000 cubic
y a rd s.

The reactor structure
A cross-sect ion a l p lan  of on e o f

the  Hin kley Poin t  con crete  re a c t o r
s t ru  c t u  res is shown in  the accom pa-
nying diagram. It com prises p ri m  a r-
ily a m ain  b iological sh ield  100 fee t
h igh , in  the form  of a 12-sided  poly-
gon, with second ary shieldin g walls
s u  r roun ding it. The d istan ce acro s s
the flats of the polygon is 76 feet and
the th ickn ess of the walls 7 feet. The
s e c o n  d a ry walls enclose an  area 100
feet by 140 feet an d are 6 fee t th ick.
The whole  stru  c t u  re  is capp ed  by a
slab  11 feet 6 in ches th ick. Th e
polygon al shape is chosen to m ini-
m  i ze sh rin ka ge effects an d  to give
op tim um  stru  c t u  ral ben efit.

Each  reactor is founded on  a con-
c rete  raft, 120 feet by 150 fee t, an d
a roun d  11 feet  d eep, heavily re i n -
f o rced  in  b oth  d ire c t i o n  s. Th e ra f t
con tain s som e 8,000 cubic yards of
c o n  c re te  an d  approxim ate ly 380
tons of re i n  f o rcing steel, m ostly of 1
3/ 8-in ch  d iam eter. Co n  s t ru  c t i o n
was in  four lifts, with each  lift divid-
ed in to bays, p lacin g proceeding al-
t e rn ately in  checkerboard  p attern  .
To allow for sh rin kage n o con cre t e
was p laced  against old concrete un-
til th ree days had elapsed.

The con crete in  a ll the  sh ie ld in g
walls an d  roof slab  has an  ave ra g e
d e n  s i t y, when com pletely dry, of not
less than 140 poun ds per cubic foot.
Crush in g st ren gth  is n o t less than
3,500 psi at 28 days. Placing for the
walls p roceeded  in  sm all lifts again
with  alternate bay construction  an d
a 3-day delay. Th is techn ique d oes
m uch to reduce both  shrinkage and
t h  e rm al st resses to the m in im um .
Fo rm  w o rk con sisted  o f 5- by 81⁄2 o f
11⁄2 -inch  board  on stee l-an gle  sup -
p  o rt s. Th e 111⁄2-foot  thick roof slab
was p laced  in  5 lifts, the form  w o rk

bein g suspen ded  from  stee l gird e r s
wh ich  spa n n ed  between  the sec-
o n  d a ry walls. Du r in g p lacin g of a ll
th e  walls, tem pora ry floors, su s-
pen ded  with in  the re a c t o r, p rov i d-
ed  access an d working p latform s at
d i f f e ren t leve l s.

All con crete p lacin g fo r re a c t o r
s t ru  c t u  res m ust  be subject to ri g o r-
ous control. Whatever the thickness
of the shield or the type of aggre g a t e
used , th e con cre te  m ust be  com -
p let ely hom ogen eous. The sa fety
p  rovided  to the p ower sta tion  staff
will be on ly as good as the we a k e s t
section  of th e con cre t e. Ho n  e y-
com bin g or segregation  du ri n  g
p lacing m ean s that the in tensity of
th e  rad iat ion  p assin g th rough the
fau lty sect ion  will exceed  the  lim it
im p osed  by th e d esign . Obv i o u  s l y
s h  rin kage cra cks m ust also be
a void ed , an d  con struction  join ts
m ust be m ade with care if there is to
be a com pletely hom ogenous bon d
b e t ween two lifts.

The p roblem  of in su r in g corre c t
p lacin g an d  com p act ion  is gre a t l y
com plicated by the large num ber of
op en in gs n ee ded  in  th e  wa lls for
o p  e ra tion a l an d  testin g p u rp oses.
These ducts an d  in stru m ent chan -
n els  a re  o f m an y sizes  an d  sh ap es
an d are widely scattered . On  sm all
p  rojects an  a ttem pt  is often  m ad e
d u  rin g design  to keep  all openin gs
with in  two wall section s only, thus
sim plifyin g p lacin g. At large  sta -
t ion s th is is ra rely p oss ib le . Ha n  d
p lacin g an d  com pa ct ion  are  stan -
d a rd  practice aroun d all open in gs.
Poker vibrators are used at all other
poin ts and a wetting agen t is usual-
ly add ed  to  avo id  excess water
which  m ay cause shri n  k a g e. The in -
troduction  of large num bers of del-
icate therm ocouples in to the sh ield
p  resen ts a fur ther d ifficu lty. These
s e n  s i t i ve  an d  easily-d am aged  in -
s t rum en ts m u st b e loca ted  accu-
rat ely an d  m ust rem ain  un dis-
tu rbed during placin g if they are to
m  e a s u  re accurately the rate of heat
rise with in  the  sh ield  as a  resu lt o f
neutron  absorption .

Ac c u  racy is a m u st in  n uclea r
c o n  c re t in g. At  the  first Brit ish sta -
tion , at Calder Hall, lim its of within

p lus o r m in us 1⁄1 0 of an  in ch we re
specified for both ve rtical and hori-
zontal dimen sions. Such  a sm all d e-
g ree o f t oleran ce had  n ever before
been  attem pted in  a re i n  f o rced  con-
c re te stru  c t u  re. The p roblem  was
s o l ved  by fabr ica tin g a com plete
steel tem plate gauge. Su b s e q u  e n  t
e x p  e rien ce  h as shown  th at  su ch
ve ry close lim its are n ot sign ificant,
and  at Hinkley Point they have been
red uced  to with in  plu s 1⁄4 in ch  an d
m inus 1⁄8 in ch  for the in n er su rf a c e s
of the re a c t o r. Thicknesses are  sim -
p ly specified to be not less than the
n om in al size. In  t e rn al accu racy is
i m  p  o rtan t because it has a m ajor ef-
fect on  the efficiency of the re a c t o r
o p  e ration . For this reason the loca-
tion  o f all m eta l in serts fo r eq u ip -
m en t supp ort m ust  be  with in  1⁄4
i n  c h  .

site cast ing of components
A re a c t o r. n eeds a therm al lin in g,

or a su rface to take the first shock of
the  h igh  tem pera t u  res gen era t e d  ,
an d behin d  which the p ri m  a ry cool-
in g m edium  can  circ u  l a t e. So l i d
steel panels, welded together, have
p roved exc e s s i vely expen sive, so at
Hin kley Point this therm al shield  is
bu ilt  up  of con crete pan els p re c a s t
at  the site. Each  panel has a re c t a n -
gu lar fram e of 9-in ch  stee l chan n el
which  acted  as a p erm an ent  fo rm  .
The 14 castin g beds (9 under cove r
an d  5 in  the open) we re sim ply a flat
steel p late laid over a con crete slab.
The plates we re oiled and the fra m  e,
with a layer of m esh  re i n  f o rc e m  e n  t
welded with in  it, was laid on the bed
an d filled  with  con cre t e. Fi n  i s h  i n  g
was by hand-trowe l i n  g .

The pan els we re steam -cured un-
der tem pora ry covers an d  a fter 24
h o u  r s, when  the crushin g stre n  g t h
was n ot  less than  2,500 psi, t hey
we re re m  oved  an d  p laced  on  edge
in  the op en  to  m atu re. The p an els
a re of va rious sizes an d the m ajori t y
of th em  weigh  abou t  3 ton s each .
Hand ling was by eye-bolts scre we d
in to the fra m  e.

At  m an y sta tion s site  cast  slabs,
u sually 4 fee t squ are  an d  4 in ch es
th ick, a re  also used  as perm  a n  e n  t
f o rm  w o rk for t he  walls of re a c t o r,



t u  r b  i n  e, serv i c e, and adm inistra t i o n
b u  i l d  i n  g s. Over 3,000 such  slabs
we re  used  at  the Bra d well St a t i o n  ,
Essex. Cast in g was again  on  stee l
p  l a t e s, laid  d irec tly on  gra d e, an d
s e p  a rated  by tim b er b a tten s to
wh ich  the wood en  sid es o f th e
m olds we re  n ailed . Re i n  f o rc e m  e n  t
was la id  in  th e m old  an d  n orm  a l
1:2:4 con crete was p laced  to within
1⁄2 in ch of the top. An exposed aggre-
gate toppin g was then p rovided  by
s c a t t e r in g 11⁄2- in ch  n om in al size
roun ded flin t gra vel on  th e su rf a c e
of th e  wet  con cre t e. Open  spaces
we re filled by han d-p lacin g of m ore
s t o n  e s. The whole surface was then
f i rm ly tam ped and  leveled. After the
in itial se t th e facin g was care f u  l l y
h osed  off with  water an d  bru  s h  e d
with a soft broom  to expose the su r-
face of the aggregate cleanly without
loosen in g th e bon d of th e ston es.
After 48 hours the sides of the m old
we re  re m  oved  an d  the slabs we re
stacked on en d to m ature.

Re i n  f o rcem en t fo r th ese form -
w o rk slabs, wh ich  weigh  abou t 800
poun ds each, con sisted  of a sin gle
sheet of 6-inch square welded m esh
of h igh  tensile wire weigh in g abou t
6 pounds per square yard. Join ts are
f o rm ed by an  overlapping step, half
the th ickn ess of the slab. The re i n -
f o rcem ent extends in to the step  and
two m ild-steel lin ks we re in cluded
for lifting and m ountin g purposes.

The op portun ities for using p re-
cast com pon en ts in  n uc lea r con -
c retin g are otherwise lim ited, since
the  fea r o f rad iat ion  loss ru les ou t
s t ru  c t u  ral applications alm ost com -
p l e t e l y. Placing the concrete for the
roof slab is always a m ajor p ro b l e m  ;
the weigh t of a 10- to 12-foot th ick-
ness of re i n  f o rced  con crete an d the
high  degree  of accuracy needed in -
vo l ve  fo rm s an d  falsework wh ich
m ust be, to say the least, substantial.
Th e heigh t  o f th e  slab  from  gra d e

(100 to 120 feet) increases the pro b-
lem . At Hin kley Po in t the  p ro b l e m
was so lved , as already m en tion ed ,
by suspen din g the form s from  steel
g i rders (actua lly war-t im e Ba i l e y
b ridging). These girders span  acro s s
the secon d ary sh ield in g walls. The
f o rm s a re  th en  str ip ped  an d  re-
m  oved  through  openin gs within  the
re a c t o r.

Auxiliary structures
Many subsidiary stru  c t u  res of re-

i n  f o rced  con crete are n eeded  a t a
n uclear power station . The tu rb in e
hall, where the electricity is gen era t-
ed , re q u  i res a  sizable q uan tit y o f
c o n  c re t e . At  Hin kley Poin t  abou t
35,000 cu bic yards of con crete was
p laced  for the  hall an d  related  cu l-
ve r t  syst em . The basem en t  o f the
hall is around 750 feet long, 130 feet
w i d  e, an d 30 feet  deep. The heigh t of
th e  bu ild in g is 94 feet . Co m  p  l e x
foun dat ion s fo r the  m ach in ery in -
t roduced  m an y p roblem s in  form
d e s i g n  .

Water is needed at any power sta-
tion; for nuclear en ergy the dem and
is particularly great -35 m illion  gal-
lon s an  h ou r at  Hin kley Poin t . Fo r
th is reason m ost  British  stations are
loca ted  n ear th e  coast  where  sea
water is ava i l a b  l e. At Hin kley Po i n  t
the in take com prises a ve rtical shaft
abou t 2,000 fee t offshore, with  two
12-foot d iam eter tunnels to con ve y
th e wa ter from  the  shaft to th e
p um p-h ouse on  shore. Th e outfall
was built as two 2,000-foot long re c-
tan gu la r re i n  f o rced  con crete cu l-
ve rt s. At  m an y sta t ion s th ese cu l-
ve rts are con structed  usin g p re c a s t
p ipe as perm anent form  w o rk .

The in take  shaft at Hin kley Po i n  t
is an  in terestin g stru  c t u  re. It has the
f o rm  of a re i n  f o rced  concrete cylin-
der 60 feet high  and  90 feet in  diam -
e t e r, weigh in g 3,900 ton s. In  t e rn  a l
b  racin g is also  of re i n  f o rced  con -

c re t e. The cylin d er, with  two  su r-
rou nding rin gs of sheet-stee l piles,
was constructed  in  a dry d ock an d
float ed  in to  p osit ion . For th is pu r-
p ose a false floor of tim ber h eld  in
p lace by steel lattice girders was fit-
ted . The opera t ion s of floatin g th e
cylinder out of the dock, towing, po-
sition in g an d  groun din g re q u  i re d
p  a rticu larly deep water an d had  to
be carried  ou t in  4 hours on  the day
of the year when the h ighest  tide (35
feet—th e secon d highest in  th e
world) was known  to occur. Dre d g-
ing of a channel was necessary n ear
s h  o re an d  the total distan ce towe d
was two-thirds of a m ile.

Groun ding was accom plished by
l owe rin g 8 steel legs d own  to sea -
bed. When support was established
s a t i s f a c t o rily the cylinder was flood-
ed  to give it stab ility at all states of
the tide. The next stage was to dri ve
hom e the sheet piling to form  a cof-
f e rd am  aroun d the cylinder. In  s i d  e
th is cofferdam  a shaft was exc a va t e d
to con n ect with  the in take tun n els
bein g dri ven  from  offshore. Co n -
c re te for th is shaft was con ve ye d
over th e water by a ro p  e w a y, su p -
p  o rted on  4 in term ediate towe r s.

Co n  c re te is dest in ed  to p la y a
m ajor  ro le  in  the  con stru ction  o f
the  n u clear power sta t ion s wh ich
a re certain  to b e  bu ilt  in  th e n ext
few ye a r s. Co n  t ra c t o r s, en gin ee rs
an d  arch itects will a ll h ave an  im -
p  o rtant share in  these pro j e c t s. Th is
a rticle  has at tem pted  to  give som e
h elp fu l in form ation  on  con stru  c-
t ion  d eta ils. A sub sequ en t a rt i c l e
will dea l with  th e pro p  e rt i e s, va l u  e
an d  use  of heavy con crete  for ra d i-
ation  sh ielding. 
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