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Correspondence. 

Mr. H. P. BOULNOIS agreed  with Mr. Wood that  the  foundation Nr. Boulnoi?. 
of the carriageway  was of primary  importance,  and  many  failures 
had occarred  through  improper  foundations.  Sub-drainage  was 
also imperative  where  water was encountered ; it was well  known 
that  mater was even  more  destructive  to a road  than traffic. The 
Telford  foundation of hand-pitched  large  stones was scientificnlly 
correct, as it drained  the  water  from  the  surface  construction of the 
road,  whereas an  impervious foundzrtion  could not do this.  The 
tests  carried  out  by  Mr.  Wood  to show the  movements of a vehicle 
when pnssing over  obstructions or depressions  on the  surface  of a 
road were  interesting,  as  they showed that   an absolutely  smooth 
surface was  most  desirable if it could be constructed  and  maintained 
in  such  perfection,  and was quite  ideal  for  self-propelled  traffic, 
though possibly slippery for  horse traffic. Mr. Wood  gave  some  useful 
data  with  regard to the  construction of axtificial asphalt  surfaces, 
but  in practice it was  questionable  whether  such  accuracy of grading 
and  percentages could  be msintained. It would appear  from  these 
experiments  that  the  nearer  the composition of some of the  best 
natural rock  asphalts could  be approached  the  better. H e  was of 
opinion that  for some  unexplainable  cause  these  rocks  did  not 
appear to make  such good  road surfaces as formeriy. H e  had some 
considerable  experience  about 47 years  ago  with compressed 
nspllalt  roads  abroad, and  they  made  excellent  and  durable 
surfaces, and  in  this  country it was the  same ; but he  had observed 
for  the  last  few  years  that  this class of road-work  appeared  to  have 
deteriorated ; the  asphalt seems to  disintegrate  and  give way under 
the  traffic  more  quickly  than  formerly.  This could not be due  to 
the  change  in  the traffic, which  should  be in  i ts  favour.  Whether 
the  character of the  rocks now  employed had  changed or  whether 
alterations  had  been  made  in  the  methods of “ cooking ” he  did not 
know, but  the  results !id not seem to be so satisfactory  as  formerly. 

With reference  to Mr. Leeming’s Paper,  the  question of road- 
corrugation, or the  formation of waves on  the  surface,  had  been a 
matter of investigation  and  contention  for some time past, and  no 
very  satisfactory  conclusions  had  been  arrived at, though  the 
consensus of opinion  appeared  to  be  that waves  were started by the 
process of rolling and continued  and  increased by the tmffic, and 
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Xr. Boulnois. tha t  if the  surface of a road could be punned” or beaten  into 
place, this  deformation would not occur to such an  extent as it did 
at present.  This  contention W:LS confirmed to some extent by the 
fact  that in compressed nsp11;tlt and other road formations  where 
rollers were not used there was very  little  sign of any  such 
deformation. It seemed  impossible,  however, to  prevent  the 
formation of waves where  unstabIe,  and  resilient,  materials  were 
used in  the Construction of roads,  and  unless some more  rigid 
construction was  employed wnves would sooner or  later  appear. 
Under  these  circumstances a more  rigid  construction seemed to  be 
desirable,  and  consequently a properly-constructed  concrete  road- 
surface would not move and  no waves would appear,  though possibly 
slight  corrugation  might occur in process of time,  as it did  even  on 
the  surface of steel rails. Unfortunately  very few trials of un- 
surfaced  concrete  roads  had been made in this  country so that  this 
contention could not  be  proved,  although in the  United  States of 
America,  many  million  square  yards of such  roads  had been laid 
without  the  appearance of any waves in  their  surface. 

Mr. Bower’s Paper  dealt  with  ordinary  waterbound macadam roads 
which  had  served  their  purpose in  the  past,  and  probably  in some 
localities  would  have to  be constructed  in  the  future,  but  with  tar- 
treated  surfaces.  The  Author’s  experiences of road  repairs  appeared 
to  have  been’rather  unusual as he  mentioned.holes,  in a road of greater 
depth  than 18 inches,  and  even 4 feet  to 8 feet in depth ! Such 
holes  could only  have been  caused by bombs or shells so that  one 
must  assume  that  the  Author  had  been  repairing  roads at the  front. 
This  might also be  the  reason  why  he  gave a description of the 
method  he  adopted  for  supporting  the  haunches of a road  with 
timber, a practice that  did  not recommend  itself where  permanent 
work was required,  although  he was quite  right in drawing  attention 
to  the  necessity  for  strengthening  the  haunches of all roads. 

Mr.  Boulnois was of opinion that  the best  road  construction could 
not  be  settled  “on  paper”;  every  caseshould be carefully  investigated: 
climate,  gradients,  surroundings, class of traffic, necessity for 
drainage, local materials,  and  many  more  conditions affected the 
question. I t  was  evident, however, that   the road of the  future 
would be  built on much  more scientific lines  than  had prevailed in 
the  past,  and  that  many  roads would have  to  be designed to  carry 
traffic vastly increased in  quantity,  weight,  and speed. 

more. nr.B*i~rllt-  Dr.  A. W. BRIGHTNOBE considered that one of the chief  causes of 
the cross corrugation of road  surfaces  subjected  to  fast heavy motor 
t raEc  was the  fact  that  the  rigidity of the  frames of heavy motors 
ordinarily  prevented  more  than  three wheels of the vehicle from  being 
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in  effective  contact  with  the  road at a time,  The  springs did not  act Dr. 
quickly  enough  to  ensure  all  the  four wheels being  always in contact 
with  an  uneven  road,  and  even if they were in  contact,  there would 
often be little load on the  fourth wheel. If one of the  driving-wheels 
were free,  that wheel would tend  to be driven a t  a greater  rate,  and 
when it again came in  conhct  with  the road, dama.ge was done  to 
hot11 wheel and road. Longitudinal  corrugations  appeared  to be 
produced largely  owing  to  the  fact  that  rear-axle  driving  tended  to 
move the vehicle parallel  to  its  frame, so tlmt the  front ~vheelx, wheu 
twisted  for  steering, exertet1 :L force on  the road at right  angles  to 
the  direction of motion of the vehicle. 

It was theoretically possible, by means of suit:hle  articulation,  to 
design a motor road-vehicle so that all four wheels would always be 
in effective contact  with  the  road  and  take  their  due  proportion of 
the load,  however uneven  the  road  might  be;  also so that  both 
axles would always be driven in the  direction of motion at the 
instant.  The scheme by wllich this coultl be efyectecl, was to  have 
a motor  on  the forecarri:lge, to  artica1:ate the  forecarriage  to  the 
body by a ball-and-socket or equivalent  joint  over  the  front  axle, 
the back of the  forecarriage  being connected to  a  slider  by a pin  radi- 
ating  (in  the  central  position of the  forecarriagc) from the  centre 
of the  ball  to  the  point  on  the  road midway  between the back wheels. 
The  slider would work on  a  circular  segment fixed under  the body of 
the vehicle, and  steering would take place by  driving  the  slider, 
through  self-locking gear-wheels, round  the  circular  segment, so 
that  the  forecarriage would be locked to  the body in  the ho~izo/ttctZ 
plane in every  position in which it was placed for  steering purposes. 
This  method of articulation  had  previously been referred  to  in  the 
Proceedings,’ but  more  recent  investigations  had proved that 
in  order  to  provide  in  an  exact  manner  for  the  relative  rota- 
tion  between  the  forecarriage  and body, the  pin P, instead 
of being placed horizontally  as  there  shown,  should  radiate to  
the  centre of the  ball-and-socket  joint as above  described. 
The back :hxle could also be driven by tranzmitting  through 
the  ball-joint, e.g., by electric  drive, if  :m electric  or  petrol-drive 
electric  motor were used. In this  manner each wheel would always 
be in  effective cont:wt with  the  road  and  the  weight on  each would 
be approximately  constant, because the  two  axles would always be 
free to  take 111) :my :tngles re1:ttively to each other  in  the vertical 
plane;  and each :axle would be driven  in  the  direction  in which i t  
was moving at the  instant,  and so all tendency  to force the wheels 

1 Minutes of Proceedings Inst. C.E., rol. ulxix, p. S9. 
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Bright- sideways would be obviated. H e  ventured  to  suggest  that  the ~ 0 1 ~ -  
tion of the  corrugation difficulty lay in articulation, so as  to  maintain 
an  equal load on each  wheel, and in driving  through  both axles. 

Nr.Chepman. Mr. H. T. CHAPMAN remarked  that  road-corrugation was-and 
would become still  more so-an interesting  factor  in  the  life of 
roads  and of the vehicles  passing over  them. He  had supervision 
over large milexges of set-paved  roads of various kinds,  both  with 
and  without  concrete  foundations,  and could not  quite  agree  with 
Mr. Leeming as to  the  extent of corrugations on this class of road. 
In Lancashire Ltt one  time  very  large  sets  were  favoured,  but  they 
were discarded when  the  heavy  motor-traffic came in evidence,  owing 
to  the  tilting  and  movement of the  sets  under it. H e  was of opinion 
that  the  best  type of granite-set  paving consisted of 4-inch  cubes 
on  concrete wit,h a mnd bed or cushion, and if this were well laid, 
grouted  and  racked,  he  ventured  to  say  that  very  little  corrugation 
would appear  even  under  intense traffic. H e  had  not experienced 
rnuch corrugation of Durax  paving.  The  Sidcup  section of this 
paving which was  not  on  concrete  had now  been in  existence 
7 3  years,  and  had  carried  more  than 9,000,000 tons of traffic, including 
frequent  motor-bus services, but  he could not see much  sign of 
corrugation,  although some of the  cubes  were  splintered  and 
shattered. Tar macadam, if properly  mixed  with  suitable  materials, 
did  not  corrugate  much  unless  laid  too  thick  and  over-rolled  in  the 
attempt  to  obtain  quick  consolidation,  and  this conclusion  was borne 
out  by  the  Sidcup  sections.  Asphalt or bitumen  surfacing  corru- 
gated  very  slightly if laid  on :I bituminous base  coat, or in  what was 
termed “ two-coat work.’’ Wllen it was laid  on a smooth  concrete 
surftwe, there was  a tendency  to  creep  and cause waviness  as  seen  in 
Victoria  Street  (Westminster)  and elsewhere. It was  his  practice 
to cross-roll asphalt  carpeting  work  with a hand  roller  while  hot 
tmd not  to  roll it longitudinally  until  the  material  had cooled. H e  
had experienced no difficulty in rolling  the base  coat longitudinally 
with a heavy  roller. Colonel Crompton’s  three-axle  roller was 
certainly a step  in  the  right  direction.  Mr.  Chapman  had  under 
observation some sections of bitumen  two-coat work laid 3 years 
ago,  which became slightly wavy within 3 months of being  laid, 
but  he could not see that  the  corrugations  had become accentuated 
under  the trafCic. The  surface wns marked  by  the traffic when  the 
temperature exceeded 70”, but  these  indentations were smoothed  out 
by  the traffic. If concrete  snrfacing was to  be successful. it must 1)e 
of fine concrete  and  perfectly  eren,  otherwise it would disintegrate 
under  the  hammering  and  abrading  action of the  steel-tired  trafiic, 
and,  even a t   the  expense of slight  corrugation, some  resilience was 

more. 
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essential if the  surface of any " cemented " road was to  withstand Mr. C~LL~JIIXUI.  
quick  heavy traffic. 

All  highway-engineers,  2nd  others  responsible  for  the  construction 
and maintenance of roads,  were  indebted  to  Mr.  Wood  for  the 
valuable  results of his  practical  and  theoretical  investigatiors. 
Mr.  Chapman also had  contended  that so-called inferior  and 
unsuitable  materials, at one  time  almost  waste  products,  could, if 
properly  treated  and  applied, be made  to  give  infinitely  better 
results than  the best  known  road  stones, if the  latter were not 
treated  and applied in  a scientific  manner. For example, untreated 
Kentish  ragstone would carry  very  little traffic without becoming 
pulverized and  disintegrated,  and it was also  greatly  affected  by 
climatic  conditions, but i f  properly  treated  with tar it formed quite 
a good surfoxing  material,  and would carry  moderate traffic for as 
much as 7 or 8 years if surface-tarred  annually.  This  had  been 
demonsbrated on  the  London-Folkestone  and  London-Hastings 
roads in  Kent.  The  same  had been  proved to an even  greater 
extent  in  the case of tarred  slag  macadam, which  was  now  acknow- 
ledged to be among the best  surfacing  materials i n  existence. 
Experimental  sections of tarred  slag macadam  laid a t  Sidcup in  191 1 
which  had  carried  more than 85 million tons of traffic in  7 years, 
were  still  in  first-class  condition. I n  addition  to  the  actual  saving 
in  tractive  and  haulage  effort  by  the  provision  and  mdintenance of 
even  running-surfaces,  and  the  convenience of thepsers,  the  life of 
the  roads was extended  proportionately,  and  the  saving  to  the 
owners  and  users of vehicles in  repair  and  upkeep  costs,  and  the 
consequent  extended  life of the  machines was  incalculable.  This 
latter  fact was not,  he  thought, sufficiently  recognized. Far too 
little  attention  had previously  been  given to  the provision of 
:Idequate and  suitable  foundations  and  drainage,  and  the  recon- 
struction  bill would  be vastly  increased in  consequence. A certain 
degree of elasticity or resiliency  was just as necessary in  surfaces 
and foundations of roads as in  other  structures,  and  that WAS why 
he favoured a bituminous base coat or bituminous  concrete  rather 
than a cement  concrete  to  support  and  carry a bituminous  surface. 
Further,  the  strong adhesion  between the  two  in  the  former 
case greatly  diminished  the  corrugation or creeping  action. 
Mr. Wood's diagrammatic  demonstration of the blows of a wheel 
passing Over an irreguhr  surface proved the necessity  of  nlaintaining 
even s11rf:bces for f:bst t r l x~c ,  so as to  havens  perfect a rolling  motion 
as possiMe. Mr. Wood  showed tllat the  greatest care  was  required 
in griLding tile aggregat,es and  proportioning  the  matrix  in  the 
preparation of ;LILY bituminous  nixtures,  and  the  relation of thg 
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Mr. Ch~tl'man. voids to  the  percentage of bitumen,  having  regard  to  the specific 
par i t ies  of the  materials, was a very  important  factor. It would 
add  interest  to  Mr.  Wood's  Paper if the  Author would state  the 
temperatures of the  bitumen  and  aggregates necessary to  obtain  the 
results  he  indimtetl. Mr. (%apman  quite  agreed  that  artificially- 
made  asphalt  concrete  and  surfacing of roads,  or  what was corn- 
monly  termed  two-coat  work, opened out  vast  probabilities  for  the 
reconstruction  and upkeep of roads, owing to  the fact  that  tile 
bitumen  only  needed  to be imported,  practically  all  the  other 
ingredients  being close to  hand  in  any  part of the  country.  Mr. 
Wood did not  refer  to  the  necessity  for  lateral  support for the 
surface  and base coats of roads,  but  perhaps  this  important  factor 
did  not affect him so closely, as  probably  most of his roads  were 
curbed  and  channelled,  which was not  the case with  most  rural 
roads. All  road-work  must be done scientifically and  systemati- 
cally,  and  not  by  rule of thumb as road-work was executed  in 
former  days. 

Referring  to  Mr. Bower's Paper,  for  ordinary  civilian traffic pavB 
roads were to  his  mind  an  abomination on which neither  man 
nor beast would travel if they could be avoided. About 20 years 
ago  there were in  Lancashire, chiefly in  the  Pylde  district,  many 
miles of rond the  centre  width of which (about 12  feet) was  paved 
with cobbles (mostly  brought  over as ballast  from  Ireland),  with 
3 to 6 feet of ashed  roadway  on each  side. These  roads were very 
uncomfortable  for wheeled traffic. It came within Mr. Chapman's 
duties  to  reconstruct  many miles of these roads, which was  done 
by taking  up  the cobbles, halving  or  quartering  them  according  to 
their size, using  the  material  for  foundation  as far as it went,  and 
surfacing  the  full  width of the  road  with  granite macadam. The 
greater  portion of the  Preston-Blackpool  road  formerly consisted of 
pace' cobbles. Again, a long  length of the  Preston-Southport  and 
Preston-Liverpool  main  roads consisted of grit  set-paving,  without 
foundation  for  part  or  all of the  width;  and  these were  recon- 
structed,  utilizing  the  broken-up  sets  for  foundation  and  surfacing 
with  granite macadam. Chalk, of which there is SO much in  Kent 
and Sussex, was a very  treacherous  material  in  roads,  and unless it 
was  kept  from  the  action of  wet and frost it was liable to cause 
considemble  trouble. 1Ze had seen flint-surfaced  roads blow up  
after  frost and the ch:dk " spue up"  like  porridge.  1)uring tlle 
war  one of the  important co:lst ro:~cIs in  Kent became absolutely 
impassable owing  to  the nction of frost  and  thaw, ill consequence 
of the  surface  having  been  cut  through  to  the  chalk  by trafiic. 
H e  was a t  issue with Mr. Bower in  regard  to  mud  not  rising to  
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the  surface of a road  by  pressure ; his  experience was the  reverse. hir. Chapmnn. 
H e  had  stripped a road  crust of good metalling 9 to 1 2  inches 
thick  on X clay  subsoil and  found clay intermingled  with  the  stone 
right  to  the  surface.  This  assuredly  had worked up ; i t  hat1 not 
been  placed near  the  surface. H e  had also in  mind a newly- 
constructed  road  consisting of 4 inches of ashes, 9 inches of 
llartl core, 3 inches of slag, and 3 inches of granite macadam, e x h  
1:Lyer consolidated  separately,  on a soft  yielding clay slibsoil. Almlt 
1 2  months  after  the  road  began  to  be used for traffic the  wet cl:ry 
worked up  to  the surface in places and port.ions of the r o d  had to 
be reconstructed.  The chief  cause of any class of subsoil working 
upwards was lack of sub-  and  surface-water  drilinage; if the clay, 
chalk, or other  material were dry  and compact it would not move. 
H e  had  constructed  many  lengths of road  on brushwood snd  fagots, 
but  fortunately  had  not so far  had t,o carry  out " pigstye '' work  on 
roads in England. 

propriety of considering  the vehicle and  the  road  conjointly. 
Unreasonable  damage was done  to  the  roads by reason of the  fact 
that  builders  and  users of heavy  motor-vehicles  paid  little or no 
attention  to  their effect on  the  roads,  with  the  result  that it was 
impossible with  the  sums at disposal to  make  or  maintain  roads  to 
withstand  the  action of those vehicles. Great  damage was  done by 
using wheels too  small in  diameter;  adding  to  the  width beyond, 
say, 7 inches to  9 inches,  was of no  service  on good roads if the 
wheels  were not  mounted  in such a way  as t o  adapt themselves to 
the  roads  by  bearing  with all their  widths  thereon.  Rubber  tires 
met  the  difficulty  to some extent,  but  they  brought  other  destructive 
influences  into play, due  to  the  spreading of the  rubber as each 
part of the  tire  rested  on  the  road,  and  to  the  reverse  action  and 
suction  as it left  the  surface.  Again,  the  higher speeds  allowed to 
rubber-tired as compared with  steel-tired  rehicles  contributed  to 
destruction  due  to shock. Legislation was required  embracing  not 
only  roads  and vehioles but also the  methods of providing  funds  for 
adapting  roads  to  increasingly  heavy traffic. It was obviously 
unfair  for  the  increased cost of road  construction  and  maintenance 
due  to  the  introduction of heavy  motor-vehicles on roads, not 
ordinarily  wanted  therefor,  to  fall  upon  the  rates of a small  high- 
way district. At  the  same  time,  if  this new  traffic was  carried  on 
in accordance with  the lam, these  charges  onght  not to fall  upon  the 
users of heavy motor-vehicles. H e  was of opinion that where  the 
necessity arose  for  altering a road  and  its  maintenance  to  enable it 
to  carry such  traffic, the  increased  charge  should be a natlonal one. 

Mr. ARTHUR E. COLLINS wished to  redirect  attention  to  the NK C'olliln. 
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3h. Cotterell. Mr. A. P. I. COTTERELL fully a,greed with  many of the   s tde-  
nmlts made by t,lle AuUlorx. Others were open  to discussion a11d 
to  some possible diKerence of conclusion. Mr. Leeming  did  not 
seem to  hare  given sufficient  n-eight to  the  eEect of self-propulsion 
through  the  rolling  surface  (the wheels) on  the  surface rolled upon. 
H e  brought  forward  the  analogy of the  steam  road-roller,  and 
because he  found some loose material was pushed forward  by  the 
rollers, he c:Lme to the conclusion that  the  action of self-propelled 
traffic tended  to  form :t road-wave in  front of such  tmtfc.  The 
etlkct  upon the road through  the  propelling re:w wheels in  the 
I):dmartl  direction was not so e;~sily  noticed,  but  Mr. Cottercall 
s u h i t t e t l   t h a t  it wns of greater  importnnce  than  the  forwwd 
motion noticed by Mr. Leeming. It was obvious that  the  horizontal 
backward pressure exercised upon  the  road-surface by a self- 
propelled  vehicle was greater  than  any  forward  pressure  cmsed by 
the  6:me  motion. Nr. Leeming realized its  importance when the 
driving-wheel,  after  leaving  the  ground,  returned to  it once 
more  (p. 130), but   i t  was there  all  the  time  the vehicle was being 
propelled. On p. 126, in describing  the  rolling  action  and  driving 
action of wheels, Mr. Leeming  again  noticed  the  importance of 
this backward pressure,  but came to  the  curious conclusion in Fig. 3 
that  the  paving  sets developed a  morement  in  the  direction of the 
traffic. Mr. Cotterell was not prepared  to say that  such movement 
could not be found,  but  in  the  instance  given  by  Mr.  Leeming 
on p. 134, ht the  bottom of hills, where Mr. Cotterell llad certainly 
noticed the  curving of wood blocks, especially on  the up-traffic side 
in  the  direction of the traffic, he  thougilt  the  movement could be 
explained  in a diKerent 1%-ay. When  approaching  a  hill  the  motor 
was speded  up on top  gear in order,  as Mr. Leeming said, t o  go 
up  without  changing  gear if possible. The  driving-wheels  therefore 
struck  the  gradient  with  considerable  impact,  and  it was this 
pressure  that, caused the  surface  to  lie down in  the  direction of the 
traffic for  a  short  distance.  On  the  other  hand,  when  descending 
the hill  there WYRS very  lit,tle, if n,ny, driving  pressure  exerted, 
whilst  the  momentum of the  motor had it all  its own way, and 
there was thus :I corresponding  tendency  to  make  the  road  material 
lie down in  the  direction of the  down-coming traffic. Tle had  not, 
however,  noticed so much  change  in  the  surface  on  the down as on 
the  up  side at the  foot of a hill.  This  factor of the  horizontal 
pressure  on  the  road caused by self-propelled. 1-ehicles was, he fully 
rltllnitted, not by any  means overlooked by  Mr.  Leeming, but   i t  
would have  considerably  illuminated Mr. Leeming’s conclusions if 
i t  had been taken  more  fully  into  account. For instance,  the 
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action  described  by  him at  the foot of p. 129 would  be  seen to become ,Nr. Cotterell. 
much  more  like that of a horse  galloping, and its effect upon  the 
road-surface  would  correspond  with that produced not  by  one  horse, 
but  by  many, each striking  its hoofs a t  or near  the  same  spot  and 
kicking  up  the  ground  behind it. A self-propelled  motor  did, in 
fact,  exercise  upon the road  surface,  whilst it was being  propelled,  a 
constant  pressure  throughout  the whole  circle of rotation  instead of 
intermittently  as  in  the case of horse-drawn  traffic. It would, he 
believed,  be  a  profitable  study  to follow up  the  relation  between  the 
different  kinds of traffic  and  the  harmonic wave that  might be 
caused  by  them.  Most  public  roads  were  used  by  different  types of 
traffic, and  the effect of any  particular  type was therefore  likely  to 
be lost. That  road-corrugation was due  to  the  pushing  up of a 
heap  or ridge-as Mr.  Cotterell  submitted-by  the  propulsive  action 
of the vehicle, until  it  reached a dimension  sufficient to  resist 
further  movement,  seemed  to  him  to be quite  true.  That it had 
some  relation  to  the  kind of traffic, and  that it might be  caused 
by  other  forms of t r a 6 c  beside  self-propelled  rolling  surfaces 
appeared  also  to be the case.  On a  gravelled  footpath that 
he  used  on  his  way  to  a  station,  the  surface  worked  into  corruga- 
tions  with a pitch of about 5 feet. It was constantly  doing  this 
after  every  repair  and  recoating.  There was nothing to  account 
particularly  for  the  formation,  and  the  impression was therefore 
left  that  there was  some  connection  between  these  corrugations 
and  the special  use to  which  the  footpath was put.  He  appre- 
ciated the  Paper,  and would like  to  add  that Mr. Leeming  had 
brought  forward  a  subject  that would  become of increasing  impor- 
tance  as  self-propelled  heavy  motor-traffic  came  more  and  more 
into use. 

that  the  nomenclature of bituminous  and  asphaltic  products  should be 
rigidly  enforced, in  order  to  prevent  mistakes  in  specifications  and  to 
avoid  tautology.  Thus,  asphalt was pure  carbonate of lime  naturally 
impregnated  with  pure  mineral  bitumen. It was not  bitumen, it 
was  not  pitch,  nor  gas-tar,  nor  petroleum  residue.  Bitumen was 
mineral  pitch. It was not  gas-tar,  whether  soft  or  inspissated, 
nor was it tar,  or  pitch,  from  the  residue of distillation of crude 
petroleum,  shale or fats. In  its  pure  state it was found  in  asphalt 
rock ; in  an  impure  state  in  Trinidad, Venezuela,  etc.  Thus,  gas- 
tar  and  bituminous  pavements  were  not  the  same  thing.  The 
residue  from the distillation of crude  petroleum,  shale  and  Trinidad 
bituminous  oils, was  used for consolidating the  surface of macadam 
chiefly in  the  United  States ; its  binding  effect was greater  and 

Mr. W. H. DELANO, as  a  veteran  natural-asphalt  expert,  suggested ~ r .  Delano. 
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Mr. Dclnno. more  lasting  than  that of gas-tar.  With  regard  to waves or 
corrugations in compressed asphalt roadways, his  experience  was 
that  they  generally occurred owing  to  solar  heat on too  rich  asphalt 
surf?”ces and could be overcome by blending  the  rock  and  grinding it 
fine. It had  been  found that depressions would occur even  where 
8- or 9-inch Portland-cement  concretes  were  the  foundation,  the 

’ rause  being  deep  subterranean  streams or springs  causing a sligllt 
flow  of the  superjacent solids. 

l f r ,  WlfinCl. Mr. ALFRED DRYLAND considered that Mr. Leeming’s Paper servetl 
a very  useful  purpose in  directing  attention  to  what  he hatl for l011g 
felt  to be the  most  important  phase of the  road  question,  namely, 
the  deforming  action of vehicles upon road-surfaces. The fignres 
given  by Mr. Wood,  showing  the wear of wood paving  under a large 
tr:&c to  amount  to  only 1 inch in 35 years,  illustrated a view Ire 
had frequently expressed that  the  deterioration of road-surfaces by 
simple  attrition  was  not  the  most  serio~~s  factor  in  the case. I f  
destruction came only  from  attritional  wear  there would be no  reason 
why wood paving should not  last  for 35 years ; yet  the  normal  life 
was only  about  oce-third of that  period.  The  fact was that 
deformation of snrfaces, in  the  shape of trench-openings, waves, and 
corrugations,  and  consequent  destructive blows, reduced  the  life 
by  more  thnn  one-half. I n  Mr.  Dryland’s experience i t  had been 
a very  rare  event  in  recent  years  to  have  to  resurface a road because 
of a surface  worn  out  by  attrition;  it was always because the 
irregularities  had become so great as to  render  the  travel of vehicles 
uneven,  and  therefore  both  uncomfortable  and  destructive. For  
these  reasons  he  did  not  attach  great  importance  to  mere 
measurements of wear  in  thickness of coatings. Measurements on 
the  Sidcup  trial  lengths  had  proved  that  temperature-changes  must 
he taken  into  account;  in some instances  it was found  that  the 
road-surface hatl grown  by an inch  after some months wear. It 
was  obvious that  any me:tsnrements of wear could only be compara- 
tive if taken at the  same  temperature,  bat  the  (lata  obtained also 
showed that  surface  movements  both  trnnsversely  and  longitudinnllj 
vitiated  the  results as recortling  any  definite wear. Mr. Leeming’s 
investigations  into  the  movements of self-propelletl  vehicles and  the 
effect of the  present  method of springing opened up possibilities in 
the  direction of the discovery of improvements mhich Mr. Dryland 
thonght  might be pursued with advantage. H e  suggested an exhnus- 
tive scientific investigation  into  the effect of methods of propulsion 
and  springing of vehicles on  the  action of wlreels upon all  kinds of 
road surfaces, under all conditions of weather  and  temperature.  Such 
an  investigation, if snfficiently thorough  and prolonged, migilt leatl 
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to discoveries  which would save  very  large  sums of money in road- Mr. Dryland. 
maintenance. 

With  regard  to Mr. Wood’s theories  as  to  the  thickness of film- 
coatings,  and  the conclusions he  drew  from comparisons  between 
“ synthetic ” and  natural  asphalt, Mr. Dryland  suggested  that 
Mr. Wood’s inferences  should  not be accepted  without  much  more 
conclusive reasons  than  were  furnished.  The  method of computing 
swface  areas  appeared  to  him  to  savour  too  much of the  nature of 
:wnmptions, which might well he  erroneous,  and if so destroy  tllc 
nrcumcy of his calculations of film-thickness.\ It also seemed to  
him  rntlrer  futile  to compare film-thickness as between an agglomera- 
tion of impregnated  particles  in  the case of natural  asphalt  and n 
surface  coating  on  particles  incapable of impregnation  by an  added 
matrix.  The  inference Mr. Wood  appeared to  suggest  was a reduction 
in  the  quantity of bitumen in “ synthetic ” mixtures-a dangerous 
suggestion,  as  almost  all  the  failures which had  been experienced 
with  this  material  arose  from insufficiency of bitumen.  When 
it was  considered that  the  aggregate of “ synthetic”  asphalt 
consisted of sand  and fine dust,  materials which by themselves 
had  little  value in road-surfacing, i t  seemed unwise  to  suggest  the 
cnrtailment of the  one  material,  the  bitumen, which gave it value 
:LS a weather- and attrition-resisting medium. The  fact  that in 
the  most successful practice it had been found  desirable  to  increase 
the  quantity of the  finest gracle of material,  in  order  to  make it 
possible to  carry a larger  proportion of bitumen, was a strong 
argument  against Mr. Wood’s  suggestions. It was noticeable, 
however, that  in  his conclusions Mr. Wood  adopted  grading whiclr 
was in  general accord with  recent  shtndard  practice. 

in  his  experience, of road-waves or corrugation  formed  by  motor- 
omnibus traffic, occurred about G years ago on  the  Harborne  Hill 
road,  Birmingham,  This  road  had been usecl many  years  by  horse 
omnibuses  and  other  horse-drawn vehicles without  showing cor- 
rugation.  Very soon after  the  motor-omnibuses  started  running 
I)ctween  ISirmingham and  Harborne,  there  appeared  two or three 
distinct ‘‘ waves,” which  started  from a hole in  the  roadway  near 
the  top of the  hill,  and  gmrlually  extended,  in  the  same  formation 
to  the  bottom of the hill 2nd even  along  the level roadway beyond. 
The  corrugations were 12 to 14 feet  apart m d  G to 8 inches  deep ; 
the  width  between  them secmed to increase  on  the  steeper  portions 
of the road. After a time  the  appearance of the  road-surface 
resembled an old logging  road  from which the skid-logs had been 
drawn,  and it was alarming  to watch a motor-bus  jolting  down 

Mr. JOHN C. FERGUSSON remarked  that one of the  clearest examples, &I]*. Fcrgnsson. 
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Mr. Fergusson. the  hill,  over  this wave formation,  often  with its front wheels in  the 
air.  Much  useful knowledge on  the  subject  might be obtained  by 
a study of the  particular vehicles  which had caused this  damage  to 
the  road, as the  swaying  and  jolting  motions of vehicles varied accord- 
ing  to  the  style of their suspension, their  loading,  and  particularly 
the  length of their wheel-base. The  famous Cobbs’ mail-coaches 
of old colonial days  were  suspended  lengthwise on leather  straps 
and  had a short  wheel-base;  these coaches with  four  or  six  horses 
attached  to  them were driven  rapidly  over  very  rough  ground  where 
a wagon with  steel  springs would not  last  long.  The first cause of 
road-corrugation  might  fairly be ascribed t o  some  hole or  break  in 
the  surface of the  road which had  arrested  the  free  motion of every 
running vehicle that passed over it, for it was at  this  point  that 
the process of corrugation  invariably  began. I n  his  opinion  the 
smooth waterproof road-surface was of greater  value  than a hard- 
core  foundation.  Some of the  roads  aronnd  Southampton,  formed 
of gravel rolled and  sprayed  with  tar,  had  lasted well under  very 
heavy  motor-lorry traffic during  the  war. With regard  to  the 
movement of the road-bed, causing a tilting of the  stone  sets  and 
wood blocks, he  had  had  to  take up miles of stone  sets  for  the 
construction of electric  tramways in the  Midlands.  These  sets had 
been  laid  for 17 years  and  had been subjected  to  very  heavy 
steam-traction traffic in  the Black Country ; yet  he  had  never 
observed a single case of tilting of stone  sets  either upon the level or 
upon inclines, although  some of the  stone  sets were worn  down t o  
half their  original  depth.  Stone  sets  were more inclined  to  rise  in 
twos  and  threes  and  small  bunches  when  they became loose. Wi th  
wood blocks, tilting  was not  uncommon. I n   t h e  Hagley Road, 
Edgbaston,  on  both sides of the  tramway  the wooden blocks had 
had to  be taken  up  and  relaid, because they  had  been  tilted  in t h e  
direction of the traffic, thus  support,ing Mr. Leeming’s statement. 
The  tilting of the  Hagley  Road wood sets  might  have been partly 
due  to  the blocks having been laid  on a very  smooth  hand-finished 
concrete  foundation.  Mr.  Leeming’s  statement  that soft-wood blocks 
lasted  longer  than  hard ones did  not a.gree with  the  general  opinion 
held  on  this  subject ; the Government allowed a grant  for 15 yea.rs 
on  the  life of hardwood blocks and  only 7 years  on  soft-wood blocks. 
The  softer  and  lighter  individual wood blocks in a paved road always 
seemed to  wear  out  before t.he others,  and  had  to be renewed. 

&fr. Hoolry. Mr. E. PURNELL HOOLET considered that kfr. Leeming’s Paper 
read  more  like  that of an observer  than of a practical  road-maker. 
H e  certainly disagreed with  the  statement  that waves were most 
noticeable in the  wear of macadam  and  tar  macadam roads. Mr. 
Leeming’s mind would be quickly  disabused of this view, could he 
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I)ut see the New Road  and  Banbury Rontl, Oxford,  constructed  with u r .  Hoolr~-. 

:I ‘’ carpet’ing ?’ of asphalb. A journey  in :t ear v i th  powerful  head- 
lights showed  waves to  perfection,  and  in  the  early da.ys of 
motoring  they  appeared  greater  even  than at the  present  time; 
this  went  far  to prove, to Mr. Hooley’s mind,  that waves were not 
entirely  t8he effect of quick or heavy self-propelled  traffic, as was 
so often  suggested. I n  his  opinion  there was litt,le  doubt that  serious 
road-waves were  but  too  often  the  result of the  unskilled  experiments 
of theorizing  road-makers. If a road were properly  constructed 
with n perfect base and  fonndation, a substantial  sub-crust  according 
to  the traffic the  road mould be called upon  to  bear,  and a minimum 
thickness of 4 inches of good permanent  wearing  surface,  the whole 
being  suitably  secured  together  and  properly  maintained  (not 
nllowing the  surface  to  wear down until it was too  thin  to  stand 
even cycle traffic), there would be no complaints as to waves or 
theorizing as to  their cause. 

With  regard  to Mr. Wood’s Paper, did the  Author  intend  to  lay 
down  generally that 6 inches of concrete \vas good in  any case Z 
Mr. Hooley’s personal  experience was that less than 9 inches 
of concrete was useless within 18 inches of any  road-surface. 
Would  the  Author recommend concrete  for  county-road  construction, 
or for  use  in colliery districts,  where  it was often necessary to  open 
roads for sewer-, gas-, water-,  and  electric-light  breakages,  in as 
many  as a hundred places per mile in the  course of l 2  months?: It 
should be made clear that  the  Paper, which was :L useful one, 
related  to  town traffic on  town  roads; if reacl as applying  to 
country  roads, it might  do  harm  to  those who had  to  labour  under 
tlificulties  unknown to  town  engineers. H e  would be glad if the 
Author would be good enough  to  state  the  full  thickness of the 
:Lrtificial asphalt  road,  mentioned  in tshe “ conclusion,” that could Le 
laid  for 4s. 6d. per  square  yard. Was it for  t,he 1 inch  to 14 inch 
mentioned,  for  “carpeting,”  or was i t  for  the  full 4 inches  or 
4a inches of tlle  two thicknesses, and  where if the  latter, could such 
be seen ? Had it been  found  that such  n surfaced  road was m ~ v y  1: 

H e  was unable  to  gather  whether Mr. Bower’s Paper  had been 
written  with  tlle  idea of helping  ordinary  road-surveyors  in  the 
management of British roads, or as a guide  to  future  campaigners. 
If the  former,  it was to be hoped the  roads would never  have 
to  carry  military traffic, and be “ relaid ”-or perhaps ‘‘ recon- 
structed ‘’ would be a more  suitable  term ? I n  England  roads  were 
constructed  for  the  ordinary  amount of traffic they were czlled upon 
to  bear,  and were of reasonable  width.  Did t,he Author  suggest 
that  an ordinary  18-foot  country  main  road  costing, say, $100 per 
annun1  per mile to  maintain,  should be widened, and  thus  cost  about 
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DIr. Hoole)r. 2.270 to  maintain, because  some day  the  country  might  be  invaded 
and  the  roads called upon to  carry  military traffic '1 Theorizing 
to  the  width of roads  too  often caused lay  members of local councils 
to cross swords  with  their  technical  advisers,  and such Papers  as 
this  were  cited,  as if adapted for  general  application. Had  the 
Arlthor  ever  tried  packing  the  foundation  stones a t   a n  angle of 
:LI)out 45" to  the  traffic,  instead of parallel  to  the traffic. If 110t, 

I I C  might  have  found a road  greatly  improved  by such a plan, f o l ,  

olwions  reasons. Mr. Hooley d i d  not  agree  that  no  water 
sl~oultl be allowed in  the hole that was to be pttched, if by this tJttt 

Author  meant  that  no  water was to  be used at all. " Dry" p:xtchw 
meant loose stone  kicking  about. H e  presumed that Figs. 4 (p. 164) 
illustrated  merely a temporary  method of holding  up a road ; surely 
tltere  should  be  additional  buttressing,  The  corduroy  road would 
be less inconvenient if the  timber were laid at an  angle of 46' to 
the traffic, which would go far  to remove the  nuisance of bumping. 
It was unfortunately  the  fact,  that an improvement  in  construction 
was rarely  appreciated at  its  real  value  by  the powers. Things 
went  on  in  the  same  happy-go-lucky  manner,  and  too  often  Papers 
read  recommended  the  same old ru t  or led to  it, while if a 
reasonable  suggestion  was offered,  which  was not designed by a 
"power," it was turned  down  without  being  experimented upon. 
The  Author's  remarks  under  the  heading " General,'' Mr. Hooley 
woultl prefer  to  put  in  the following terms :-No road  should  ever 
be constructed  without good drainage. Carelessness should  never 
he allowed. Soling  rock should always be laid at  an  angle of 45" to 
the traflic. 

3rr. SnckPon* Mr. HARRY JACKSOX considered that  The  Institution was to be 
congratulated  upon  the  receipt of these  Papers, which followed in 
sequence  the  earlier  Papers 1 on  Creep of Rails,  the  Paper on 
road  problems  by Mr. Mallock, and  earlier discussions on  the 
corrugRtion of tram-rails.  Such  Papers showed the  advantage 
accruing  to the profession by  the  expression of individual  experi- 
ence, and  it was to be hoped that, at R not  far  distant  future, 
discussion of these  and  other  Papers a t  Local  Associations of The 
Institution  might  take place. 

The chief problem dealt  with  in  the  Papers was the old one of 
a surface  subject  to a rolling load. Mr. Bower  expressed the 
opinion that  no  mud rose to  the  surface  by  pressure  from above. 
H e  said : '' The true cause of mad  formation is the poor qunlity of 
the  material used , . . which, by  attrition  through some inches of 

' Minutes of Proceedings Inst. C.E., vol. CCY, p. 227. 
Ibid., vol. rlxxviii, p. 120. 
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depth,  forms  the mud,  while destroying  the surface.” It would Mr. Jackson. 
appear  that  he  referred  there  to  surface  attrition. Mr. Wood said : 
“Internal  grinding  is responsible for  about 80 per  cent. of the 
cost  of road-maintenance ”; and  on page 149 : “ It was found  later 
that,  altllough  the  granite of the  mixture  had  not  worn,  for some 
reason  the  m:rkrial  had  disintegrated, especially where  the traffic 
was concentrated.” It was clear that  there were two  distinct 
operations of wear  taking place : (U) httrition  due  to  the  frictional 
resistance  between  the wheel and  the  road-surface. ( b )  Internal 
attrition  between  the  particles  forming  the body of the  road- 
structure.  The  relative  magnitudes of these  two  actions could be 
gauged  by  the  particulars  given  in Mr. Wood’s Paper as to  material 
scavenged from  the  streets.  Taking  the  attrition of soft-wood 
pavements  as being 0.007 inch,  comparing it with  the  mud  formed 
on the  roads in Fulham  during 1906-7, and  assuming  that  this 
mud was  produced out of 6-inch macadam, i t  would be seen that 

Atud due  to  attrition of surface 0.007 1 
Mud  due  to  internal  grinding 0.083 - 12 

~~ ~ ~- - __ -_ - 

111 earlier discussions a t  the  Institution Mr. Jackson had  referred 
to  the wave action which was transmitted  along  any  surface  subject 
to a rolling load. In   t he  case of a  ntilway of sleeper construction, 
the velocity of the wave along  the  road  appeared  to  be such that 
the  crest of the wave advanced in  front of the rolling load. 
Corrugation was but  rarely produced, whilst  there was invariably 
a creep of the  rails. I n   t h e  case of tramways,  the wave did  not 
travel a t  such a rate  as  to  cause  the  crest  to be always in  front 
of the  rolling load. The wheel jumped  the  crest,  and  when  the 
periodic time of the  wheel-jump  approximated  to  the periodic time 
of the wave, corrugation of the  surface  ensued. In   t he  case of road- 
surfaces,  such as those discussed in  the  three  Papers  before  the 
meeting,  this wave-action evidently proceeded. The  energy of the 
wave-motion was  destroyed  by  disintegration of the  granite, etc., 
forming  the  top  layer of the  road.  That  this wave-action  was of 
considerable  amount  was proved by the  fact  that  the  mud produced 
by its action  was  twelve  times  that produced by  attrition on the 
surface. It seemed clear,  therefore,  that,  given  first of all :L 

structure which  would distribute  the  load coming upon it, over  the 
snrface of the  ground, in such :L w:~y :LS not  to cause fracture of the 
structure  or  l’ermanent  displwomentm o f  its  constituent  parts,  there 
would be this wave-action, whicll must be provided for. It was 
pm-ticularly interesting to note  that  the  effects of creep  and  corn- 
gation  were  both evidenced in a road  subject  to  heavy  fast-running 
tmiiic. It might be well to  set  out  a  statement of the  particular 
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ur.J;Lckson. kinds of roads  mentioned  by &h. Leemirlg in the  ordor of their 
tendency  to  corrugate :- 

(U) Water-bound  macadam roads . . . .  
( b )  Tar macadan1 roads . . . . . .  
(c) Granite sets on yieldiug fou~ldaeion . . 
( r l )  Dunv paving . . . . . . . .  
(c) Hardwood bluoka . . . . . . .  
(f) Granite sets 011 sand cuahion . . . .  

Cement-grouted  granite  set 011 uoncretu 
Soft wood 011 concrete . . . . .  

. . * . Il l  

. . . .  148 

. . . .  110 

. . . .  140 

. . . .  140 

. . . .  110 

. . . .  1.10 

. . . .  1-10 

Page. 

It would be observed that  soft wood came in  the  last  batch.  The 
reason  for  this would appear  to  be  that,  in  the  first place, the 
concrete  foundation  was  quite suflicient to  take up all  the loads, 
apart  from  the  wave-action ; and in the second place, that  the 
wood, as laid, was able  to  damp down the wave-action by  elastic 
tleformation  rather  than by disintegration  and  attrition of its  parts. 
It could not be too  strongly emphasized that  any  road-formation 
which  had  to  carry  heavy  fast-running t raec   mus t  provide  for 
tllese two  requirements-static  support  and  transformation of wave- 
energy. It would appear  that a road-formation which  confincd 
the  wave-action  to a definite  upper  part of the  structure was the 
most  satisfactory. 

Mr. Wood’s Paper  dealt  most  with  the  effort  to  produce  an  upper 
portion of the  road-formation. His experiments led him  in  the 
direction of a material devoid of plasticity which, whilst sufticiently 
rigid  to  prevent  deformation of this  surface  under  the  static  load, 
was  yet  elastic  or  resilient  enough  to  take up wave-action without 
attrition of its  constituents  parts. J t  appeared  from Mr. Wood’a 
Paper  that  natural  asphalt, of the  Val  de  Travers  type, was best 
fitted  for  this. H e  was to  be  congratulated  on  the  near  approximn- 
tion of his  artificial  asphalt to  the  ideal  material. 

From Mr. Leeming’s  very  ingenious  analysis (pp. 127-129) of 
tlw  action  and  reaction  between  the wheel and  road  surface, it 
would appear  that  the  acceleration  he  had  introduced in the 
expression 

W 
G P = - X acceleration 

was not  in  the  same  direction as the velocity V  given on the  previous 
line. It was possible that hid assumption in paragraph (a), that  
1 1 / r  was n. definite  relationship  might  be  tested by examinntion of :L 

number of tramways which had wheels of different  diameters 
running on them,  the  diameter  for  any  one  system  being  constant. 
Unfortunately Mr. Leeming  did  not  indicate  anywhere  in  his 
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material, even if the 
blow  caused by the 
wheel  was  small, the 
cumulativeeffect  might 
be  large. If the blow 
occurred a t  regular  in- 
tervals  coinciding wit11 
the periodic time of 
the wave in  the  road- 
materia1,theamplitude 
of the wave in  the  road- 
substance  (that  was 
the  up  and down  move- 
ments of the  particles) 
would  be gradually  in- 
creased, as was the 
case in  the  sympathetic 
vibrations of piano 
strings.  When,  in  an 
elastic  material  this 
amount of deformation 
(strain) exceeded the 
strain  at   the elastic 
limit of the  material, 
permanent  corrugation 
would result.  The  de- 
termining  factors  in 
this mere : the velo- 
city of the traffic i t  

Paper  the  pitch of the  corrugations of the  particular  kind of road- Mr. Jackson. 
ways, nor  did  he  differentiate  between  corrugation  proper  and 
irregularity of surface caused  by the  heaping up of plastic  material, 
particularly a t  stop- 
ping-places of motor- _.-- 

omnibuses. the 
5 c a s  e  of corrugations 

Q H n 9  4 0  1803 __ 
, 

proper,  as  distinct  from , 

h e a p i n g s  of  plastic j 

of translnission of nn impulse  through  the  material.  The  experi- 
mental determin:Ltion of these  two  factors would, in Mr. Jackson's 
judgment,  lead  to  a scientific solution of the  road-corrugation 
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Xr, Jockso~.  problem. It very  often  happened  in  natural  phenomena of a very 
diverse order, that  the  same  physical cause  was producing widely 
different  results.  The  rolling of road  surfwes was a case in  point. 
Only  by  careful  survey  and  investigation of all the  different  kinds 
of surface r o l h g  action  were engirlecrs likely  to solve the problem 
of a good road-surface  for  heavy motor-traftic. 

111. Julim. Mr. JULIAN  JULIAK, of Cambridge,  submitted :t drawing (Fig. 2 )  
representing  the  actual  movement of  wood paving  in a Cambridge 
street,  noted by him  in 1915. The ro:~d had no  longitudinal 
gradient,  the camber was slight,  and  the  paving  ml~s of hardwood 
3 inches deep on  about 8 inches of concrete. H e  had  no census of 
the  trafic,  but  imagined it would be  about G00 motors and horse- 
drawn vehicles in 12 hours. It would be noticed that  the move- 
ment was almost  entirely  in  one  direction, while the traftic must be 
about  equal in the  two  directions.  IJe was of opinion that  where 
the  movement was mainly influenced by  the  direction of traffic, it 
was in  the opposite direction  to  that  shown  in Mr. Leeming's 
diagram. I n  other words, the  sets moved in  the  direction of the 
lower l d f  of the wheels, but  in  many cases, especially with wood 
blocks, the  movement was influenced by other causes than  the 
direction of the trnHic. I n  mood paving,  expansion produced  severe 
stress,  and  then a very  slight  accidentd  condition,  it  might be 
gradient,  or traftic, or  even a manhole-cover, was sufficient to 
determine which way the  stressed blocks would move. 

11~.  Lcitcll. Mr. L). C. LEITCH remarked  that  the figures  given by Mr. Wood 
regarding  loads on foundations, pp. 144, 145, appeared  to  require 
some further  explanation. K O  doubt cases could be cited  where weak 
subsoils had  carried loads, in deep  foundations,  equal  to  or  greater 
than the ton  per  square  inch  referred to  by the  Author.  But 
the  foundations now in  question were of trifling  depth, SO that  
displacement of the  ground,  under  very  moderate  lressures,  readily 
occurred. The  width of track of a  10-ton  roller was usually 
about 6 feet;  the  Author  said  that  the  intensity of pressure 
was much  more  than  ton  per  square  inch.  But, even this  corre- 
sponded to  a  length of bearing on the subsoil of about 2a inches, 
and a compression of about 2" inch. With a load of 4 tons  per 
foot of supljort-about :LS much as any subsoil not rock  could be 
especterl to  support 011 its surface-- the  length of bearing would be 
5 inches, and  the compression about A inch. This  method of testing 
subsoil secnled not veyy re1i:Ll)le ; a small difference in compression 
under  the  tires, which  could hardly be measured with accuracy, 
corresponded with a large difference in  intensity of load. It \VR.S 

also  hardly possible to  measure  the  length of the  prints  made by 
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the tires, as t.he roller was 1’1111 into  position  for  the  test, !CLe >II.. I.citcll. 

rclntion of blle 11ypotllctic:tl loucl 01 5 tous per squ:lrc inch (p. 144) to 
conditions  such as occurred i r l  1)r:xctice TCRS not  very apparent;‘;  such 
a load woldd destroy  any road surfacr, except p e r h p  one of 
grnltit,e \ ,locks. Tbt‘ ~listxiilut,ioli c ~ f  ilf%vy w h w 1  I~,ntls was offecttltl, 
in  the c:tse of uIure or less elastic r ~ : x ~ l - ~ u r f a ~ e s ,  l ~ y  conll)re$siun UII<IHI’  
tlle wheel as  i t  passed. Iligitl  road-surfaces s11ch as granite 
consisted of blocks  which were  usually  about 4 inches  in  width, antl 
sorvrtl t o  distribute the load. In the case taken by the  Author, 
:I. 10-ton 1.011er, the weiglit on a  granite pavement, molrld 
tlist,ril)ntetl over nllont G fect by 4 inches or 2 square feet. ‘l‘i1is 

gave .5 tons  per sc1rl:u-e foot on the  concrete 1)elow. Wit,’itll thc rol1t.r 
011 : l11 chstic  surface, snch a s  asphalt on concrete, or m:wntl:tnl 
4 illul1es thick, n.nd allowing f o r  a length of bearing, 1)elow tires, 
o f  3 inches only,  the load would be distributed over G fcet by 10 
inches, or 5 square  feet. In this case the  intensity of the  pressure 
on  the subsoil  would be 2 tons  per  square  foot.  These figures, like 
the  Quthor’s,  made  no allowance for  the  very considerable stresses 
clue to  impact,  which could hardly be estimated. It was sug- 
gested that 2 tons per  square foot, static load, was as much as 
m y  subsoil, not being  rock, could be expected  to  support  in roatl 
foundations.  The  Author’s conclusion that  bitumen  expanded B:,u 

of its  bulk,  per 10” F., was noteworthy, because there was no  other 
SIIIxdance, solid a t  ordinary  temperatures, which had a coeEcient of 
ex1)ansion approaching  this.  Accepting  this figure, i t  was evident 
tlla.t, the  linear  not  the cubical expansion was in question,  antl t,lIis 
W:LS only  about T ~ ~ o B  per loo, so that  the  increase  in  thickness o f  n 
2 inch layer, due to  n change of 8YF. in  temperature, was not ,  ,! incl), 

h l t  = 0.0023 inch. From this  should he deducted 

thc expnnsion of the  aggregnte,  say, 0.00065 inch,  leaving 0.001F5 
inch. This would equal  only  three  bituminous films of 0.0006 
inch which the  Author considered a moderate  thickness. It was 
not  clear  why  the  difference  in coeflicient of expansion,  between 
the  bitumen  and  the  aggregate, should cause  disintegration.  The 
mixture  when  laid was much hotter  than  zt  any  subsequent  time;  and 
the  pissage of trafic  tended to consoliclate it and to  close any minute 
fissures  due t o  unequal  expansion.  Was it not possible that  the 
tlisintegration observed was due  to  deterioration of the bitumerl ’? 

llerlucing  the size of the  aggregate,  as recommended by the  Author, 
might be in some respects beneficial ; but   i t  had  the  disadvantage 
of increasing  the  percentage of voids to be filled with  bitumen, ant1 
rendered  the  road-surface more likely t o  sustain injnry from  tllc 

8 .2  X 2 X 0.21 
1600 

[TIIE  INBT. C.E. VOL. CCVl1.1 P 
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Jr,. 1,eituh. I~loms of iron  tires  and  the  suction of rubber ones. Stones of 
nlctliunl size were less easily I~lr1clicci ont. 0 1 ’  lxwcltctl out 1’11:ln n c w  
the small ones recommended. 

NL bInrriutt. Mr. T. G .  MA~LRIOTT considered tint Mr. \Vood’s Paper was of 
interest as being an  eft’ort to  direct  att,ention  to  the  technical  side of 
asphalt construcbion. Some of the  Author’s conclusions were clearly 
open to  objection. His theory  as  to  the  failure of asphalt macadam 
mixtures  being caused by  the  contraction of the  bitumen was not 
f:lirly supported by the  extreme  range of temperature whiclr 11t> 

citetl,  namely, a difference of 82” P. Such n range m : ~  rare in  tllis 
cormtry  and could only occur during  the  summer. It was :~gl.ccvl 
t11nt f:Lilure in  this class of vork only occurred during  the  winter 
months,  when no  such vari;ttion  took p lxe .   Sss~uning   tha t  snch 
contrltction  as Mr. Wood  mentioned  did occur-and this could only 
be in summel--the “ coeficient of restitution” of tile  bitumen 
would be ample t o  allow the  pnvement  to recover,  especially having 
regard  to  the  soft consistency of the  bitumen used, and  the eff’ect of 
subsequent  trafic  during  warm  weather. I n  Mr. Afnrriott’s opinion 
the  muse of this  pnrticnlnr  failure was to be found  in  the  fact Cl1n.t 
the  Author  had exposed a mixture  containing  large  particles such a.s 
l$-inch  granite  to a clensit,y of traflic  which was beyond the capacity 
of this  form of construction. It had been clearly proved in America, 
where  this  mixture was laid  extensively,  that  it was only successful 
under  light trafic. H.eavy  traffic in cold weat,her set up vibration  in 
t,l!e larger  fragments  and  resulted  in  the  admission of water  to  the 
pavement ancl consequent  disintegration. Mr. Wood’s mathemxtic:tl 
tleductions as to  film-thickness were untenable,  seeing  that  he based 
them upon an impossible assumption,  namely, that   the particles in 
paving  mixtures were  cubes.  Obviously this was not  the case where 
sand  and pulverized materials  formed  the  aggregate. His corn- 
parison of the  film-thickness of sand  mixtures  with t’hose of natural 
rock  asphalt was inadmissihls  seeing  that  the latter was composed 
of rock  saturated or impregnated wit’h 1)itnmen.  There was there- 
fore no true  analogy  between  the t x o  forms of mixtnre.  The 
suggestion that  the artificially  prepared composition  should or conld 
be  adapted by improved  machinery, so a s  to follow the  lines of the 
natural rock,  was ynite  extravagant  when it was remembered  that 
the  rock  asphdt  fornmtiuns resnlt,ecl fwrn upheavals of  hTntu1,e 
during  early geological eras, :tnd thousands of years llad elapsed 
since  the  bitumen was forced into  the rock-probably in the  form 
of vapour-while modern  artificially-mixed  asphalt  was  obtained 
by mechnnicnlly imparting n film of  bitnrnen to  imperviols sand 
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particles at   the  rate of 20 or 30 tons per hour.  Any  attempt to  ?.h. Narriott. 
reduce  the  percentage of bitumen  in  this  type of asphalt  to  that of 
rock a s p l d t  mould be doomed to  failure.  The  theory of artificial 
nsphalt  was  to  reinforce by means of " filler " or " dust " the  natural 
bitumens,  such as Trinidad,  and by this meitns form an  elastic 
cushion between  each of the  sand-particles of the  aggregate. It 
mould be seen from  the figures  which Mr. Wood quoted that his 
statement  t,hat  rock  asplglt employed only half the  amount of 
bitumen which was used in  artificial  asphalt  was  untrue, nnd 
WLS based on  the  assumption  that  both  mixtures consisted of 
f i lm  of bitumen  surrounding  particles, which was only  strictly 
correct  in  the case of machine-mixed asphalts.  There were many 
other  points  in Mr. Wood's Paper which Mr. Marriott would have 
liked  to challenge had space permitted. A protest, however, must 
be entered  against  the  statcment on p. 156 that  practically  any 
aggregate could be used in  asphalt  construction.  Frequent  failures 
occurred as the  result of this  supposition  that  any  inorgtnic  rubbish 
could be used in  asphalt processes. The technology of building 
stones was probably  the most useful  study which engineers could 
pursue  in  connection  with  this  question. Briefly, his view, based 
on considerable  experience, was that  the  modern  asphalt  mixture 
was the  result of many  factors  and causes, the  absence of any  one 
of which might  be  the  cause of failure,  though  all  the  others 
were present. 

transport'had been very  much  to  the  fore,  and  probably would be 
even  more so ; therefore  road  construction  and  maintenance called 
for  the  earnest  attention of engineers.  After  the  able  manner in 
which the  subject  had been dealt  with by the  Authors, it would 
almost seem as if there was little  to  be  said ; but  there  were  one or 
two  matters which appeared to  be worthy of further  consideration. 

Mr. Bower said that  no  road  should  be less than 24 feet wide, 
and if possible it should  be 30 feet wide. That was the  width of 
the  roads in the  days of the  grandfathers of the  present  generation, 
since  which time  trafic  had  increased a hundredfold,  but  the  roads 
had  remained  the  same,  the consequence beinglthat  certain  parts of a 
road got  more than  their  fair  shnrc of traffic. It might  sound  out 
of all  reason, but he believed the  day was sure  to come when all 
main  roads would be GO feet wide, and  the  sooner  that  day came 
the  better it would be for the  roads.  The  first cost, of course, 
would be heavy, but  the  maintenance,  if  the  roads w r e  properly 
con;;t,rncted in the  first  instnnce, would he lighter. AS to  drainage, 

Mr. W. 0. E. MEADE-KING observed tha t  owing  to  the  War,  road bIr. l\leadz- 

P 2  
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Mr. Meade. and its necessity, probably a11 \!-ere agreed,  but  the  camber of a 
King. road  should be no more than was just suflicient to  carry off the 

surface  water ; it was a coulmon thing  to see it 2i-foot  road  with R 

camber of about l in 20, the  result being that vehicles of all  sorts 
used the  centre of the  road  except  when  two vehicles  were actually 
passing  one  another. A camber of 1 in 50 would he sufficient fo r  
drainage,  and  there would not  then be this  tendency  to use one  pnrt of 
the road only. Agnin,  rolling by steam roller, could be, and  often WIR, 

overtlone, both  in  regard  to  the weigllt of the roller nntl the  extent 
f;o wllich it was used. A 10-ton  roller was proba1)ly the heaviest t,lr:tt 
sllollltl l x  nsetl, ant1 it was n question  mlletl~cr :m 8-ton roller w o ~ t l t l  

not, \,e hotter ; as i t  wns, rontls meye t o  be seen,  ~n:ule of all sorts o f  
rnnt,erinl, instentl of gmnite, ns they sho111d be, rollrtl : ~ n t l  w:Ltertvl till 
tilt: surface resern1)led pen.-soup, all of wlricll aftter a fcw days o f  ii11c: 

~ve:~,tlter resolved  itself into  dust.  The mholc substance of td~e 
r o d  had been destroyed  in  the  making.  As  in a11 other work, the 
foundations  were  the  most  important  pmt,  and in his opinion 
nothing could bent  the  usual  hand-packed  stone,  set on  edge ; this 
was generally  steam  rolled,  and  then  the  next  layer of materi:11 
was put  on  and rolled, and so on ; but if the  hand-packed  foundation, 
1)efore  being rolled,  were  blinded and  grouted  either  with  tnr or 
cement antl then rolled before  the  grouting  had begun to  set, a 
much  better  foundation would be obtnined, on which the weiglrt of 
1):wsinng vehicles  would be more  evenly  distributed.  These rem:wl+ 
were intended to apply to  the  main  country  roads,  and not to  
streets  in  towns  where wood pnving, granitesets, etc.,  were in nsc. 

firr R m ' l .  A l l . .  11. R E A D ,  after GO years of busy professional life in JAon(1(lII, 

Mnncllester, Salford,  antl  Glouccster,  during  which, nmong otlrt.1. 
\vork, he 1l:ttl 11:~d :I good (led  to do with ro:d construction :1nt1 
maintenance, was still  strongly of opinion that Telford's ~ I : L Y ~ I I I ,  

:trrivetl a t  rlming  the  construction of the  main rontl from Chestt.1. 
to Holyheacl, still held good, namely, " The  real  strength of : l ,  

road  is  in  its  foundation."  Telford  invariably  strengthened ;l11 
weak  places,  especially those  having  a clay subsoil,  with a han(j- 
pitched  foundation of rough block stone  to  distribute  the  weight of 
the traffic. Unfortunately  his  contemporaries  and successors (ex- 
cepting  McNiell  in  Scotland)  did  not  follow  this  excellent  example, 
and  hundreds of miles  of roads  in  England were constrllcte(i 
hy ing  down successive coats of macadam from  the  nearest qu3rrit.s 
011 thc n n t u r l  foundntions,  whntever t h y  might he. 'This w ~ S  

proha1)ly (lone  to save first cost, bnt as a roatl from  one t,o\vn t,o 
:\~tntllcI* lnsst"t1 over r:n.iolls gpolngic:11 formations  antl ltinrls of ~ 1 1 1 ) -  
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soil, every clmnge in  the  strengtll o f  the  foundation provided a ~ 1 ~ .  ILeat1. 

starting-point for corruption of tlle road-surf:Lce. Until  about 
1875 these  layers of mac:tdam had to be consolidated by the traf€ic 
itself,  but  the  advent of the  steam-roller  about  that  date  brought 
:tbout an immense  iurpruvement. 111 1878 Mr. Itead introduced 
t l ~ e  ste:tnl-roller into  Gloucester,  antl :~lm  the use of the Clee Hill 
J) l1r t  stone  (basalt)  in  preference to  10c:tl limestone  from Chepstow 
m d  Bristol,  thereby  reducing  the sc;tvenging to  one-third of its 
previous  quantity.  The  great cause of corrug""tio11 in  town  roads 
wns that,  in  addition  to  the  variations of the  nntuml  foundations, 
every road had 1ongitndin:tlly a sewer, a water-main,  and a gas-  
main,  not to mention  electric cables: etc.,  running  through it, and 
trmsversely  the house  services to a.nd from  all of them. The 
trcnches  for all these pipes were sources of weakness to  the roi~d, 
so tlmt  it  was almost impossible to  get a uniform  strength of found:L- 
tion ; consequently  corrugation was  bound to occur with heavy loatls 
and fmt  traffic, because  however well a trench was filled in and 
r:tmmed-and the  ordinary  workman was not  fond of the rammer-- 
any  trench was  a source of weakness  for 20 years or more. 

Mr. Leeming's  calculations  and  experiments  on  the  dynamic effects, 
both  on  the  road  and on the self-propelled  vehicles, of passing  over 
corrug;rtions a t  various speeds  were very  useful  and  interesting, 
antl the  same  remark  applied  to  Mr.Wood's  diagrams of the  erects 
o f  :L car passing over a depression a t  various speeds. Unfortunately, 
t l ~ c  better a, road was for self-propelled  vehicles, the worse foothold 
it, gnve for horses ; but it appeared  to be quite  probable that tllosc 
:minlals would in the  near  future be crowded out of towns.  Mr. 
\brood's experiments  showing  the  diEerences  in  percentage by weight 
:t11(1 by volume, and  the  expansion of bitwnen by heating,  were 
very  useful ant1 instructive,  and seemed to sllow that gr:Lnite  ant1 
Icts:Llt rctluired and absorl)ed ruuch less bitumen th:m  slag ; this 
;tccotmtcd for tile apparent f d u r e   i n  S O I I I ~  GLSW of tarrctl  grmito 
as comp:trcd with  tarred  slag whcrr eclu;tl quantities of tin* were usetl. 
nlr. Read was afraid Mr. TVood's e1:hor:tte calculations, to  five 
lllaces of decimals of the 1.llickness of the film of bitumen  on :t,ggre- 
gates, were rather ;L waste of time,ancl i t  W;LS also somewhat diflicult to 
understand  from  the figures given in his  experiments on the 
6' BEect of grading on weight  and  solidity " (p. 154), how he arrived 
a t   the  conclusion that these  tests  brought  out  the  fact  that  the 
smaller  the  aggregate  the  greater  the roids. So much  depended  on 
the way  tlle gauge-boxes n-ere filled ancl the  amount of ramming, if 
any,  in each case, Mr. Road was certainly  under  tlle impression 
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Itcad. that  the  smaller  the  aggregate  (other  things  being  equal)  the less 
the voids. 

Mr. Bower’s Paper shoived the difficulties the  Royal En,’ wneers 
had l ~ a d   t o  deal  with  in  repairing  the  roads of France  during  the 
War with  any  materials  they could lay hands  upon. As the 
corduroy  road mns in  two  sections, if a s l d l  dropped on one side of 
the  road  there was still a c h n c e  of the  other half remaining  intn,ct. 

Mr.\vnIters. Mr. R. C. Sarnrsc; WALTEES observed, with  reference  to 
Mr. Eowcr’s l%per, that   i t  w : t s  certain t h t  carelessly-formed 
bottoms were t l ~ e  cRuse of erltlless trouble. As nu example,  he 
might  mention a l-inch  tarmac floor, covering 1 acre,  laid on 
6 inches of sla,g concrete.  This was put dowz on a works “ t i p ”  
consisting of 29 feet of ashes, made  up  during  the  previous 10 years. 
The whole was well rolled .with a 10-ton  roller,  and it subsided by 
r a r y h g  amounts up to 2 feet.  The 6 inches of concrete was l’ut, 
tlown, :tnd within a fortnight heavy goods-traffic (railway) ancl 
other  heavy loads,  such as a crane  weighing 20 tons, passed over 
the  site for constructional purposes. Only  one or two  slight cr:Lcks 
appeared in  the  virtually  green  concrete. With regard to  the 
packing of soling pieces transverse  to  the  direction of traffic, there 
should be no  objection  to  this  method if t,he packing were done 
tightly on fu rolled bottom of uniform  bearing-capacity ; the  laying 
of the long side in  the  direction of the  trafic seemed to  present 
difliculties (not  the  least  being  the objections of the  English  navvy 
ganger) for country  roads,  where  there were no  rigid  curbs  to  work 
on, t o  keep  the  stone  upright.  Presumably  the  soling was started 
from  the  centre of the road, and was worked t o  each side sirnul- 
taneottsly. With regard to  &fr. Bower’s view that  mud-formation 
\V;LS clue entirely  to  athition,  this  certaidy seemed to  be  borne  out 
at Yate,  Gloucestershire,  where  there wits to be seen  Carboniferous 
limestone  giving n grey  mud,  adjoining p;ttches of soft  Pennant 
xtndstone giving a red  mud  (identical  with  wetted  dust f rom 
crusher),  the  sub-soil in b o t l ~  cases being an orange yellow clny. 

&. WOOCL. Mr. E’RANCIS W O O D ,  referring  to Mr. Leeming’s Paper,  remarked 
that,  whatever  the  theory of the cause of corrugations  or wit\7es, 
they were undoubtedly  the  result of two  agents,  the vehicle and  the 
road structure.  There mm little  likelihood  that  the vehicle would 
be or  could be altered  to reduce seriously  the  effect, and with regard 
to  the  strmture, it nmst be aclmitted that wnves appeared mom 
prominent,ly on water-bound macndam roads.  This form of roa.ci 
strncture was admittedly weak, unstable, a n d  nnsatisfnctory, :mcl if 
it  could be put nsicle tile  question  of road-corrug,ztion ~voulcl not 
call for  serious  attention, as in ot,her forms of road structures it was 
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of minor  importance. Mr. Leeming  mentioned  set  paving as being ur.  woocl. 
subjected  to  corrugations,  and  it  might bs gathered  from  the  Paper 
that  they were serious: Mr. Wood had  not been  impressed by tile 
colbrugations  in  set  paving, nor had  he noticed the S curves or 
tilting of the  sets. Mr. Leeming seemed to  ho!d the  opinion  that 
set  paving ill general (p. 139) was laid  on R yielding bed ; if 
sot pnving vere SO laid, one ~v0111tl naturally  expect peculiar 
results.  Set  paving was almost  invariably  laid  on a stable  and 
unyielding  foundation,  and  as  no  movement was noticeable (as 
R h .  Leeming  admitted)  on such :x foundation,  there  did  not 
appear  to be any  necessity  for :I change in  the  form of the  sets. 
The S curve was noticeable. in wood-block pving ,   bu t  only 
where  the blocks had been laid  direct  on  concrete  without  any 
irltervening tar or  pitch.  The  extent of the  movement was vcry 
limited, and the blocks were not  tilte,d,  the  movement ceasing after 
the  first 9 or 3 yenrs, 2nd  these fncta, together  with  the  one  that no 
movement occurred in N O O ~  pnving  which was so grouted  with 
pitch  that i t  got  right down to  the  concrete,  indicated  that  the 
force exerted  by  the trafEc was esceedingly  smali  and could be 
easily  counterncted. I n  bituminous  surfaces  there were sligllt 
wxves and  corrugations.  They  did  not occur in t.he winter,  but 
were apparently  formed  in  the  hot  temperatures of the  summer. 
The heat  softened  the  bit’umen  in the top  thicknesses of the  surface 
layer,  and  the force  which WLLS suficient  to push the wood blocks 
forward I V : ~  just suiticient to  push  the 1:Lyer or layers  from  their 
original positions. As the  hot  temperatures  lasted only for a short 
t i x e  in  the  day,  the progress forward was limited,  but it was sufficient 
to cause these  slight  irregularities.  The  same  bitumen, of different 
consistency, used with a similar. aggregate  after 4 to  7 years  had 
not developed wayes or corrugations  except t o  an infinitesimal 
ext.ent, ancl hence it seemed to be merely n mattcr o f  ndjwtment of 
the consistency of the  bitunlen employed. Contr:wy ta  &l 1 ’ .  

I,veuling’s view, there scemcd to  Lc evidence illat tllc 1i)itulllell 

bIrould11e i:lcre;:sc;d, not di~~linished, or i t  nligllt I J ~  illat i t  slwultl 1 ~ :  
iilletl to >L gretrter extent  with filler c11.lst wllich, in ell‘ect,,  nle;Lntt :LII 
increase in tlle  bitumen  contents.  The  corrugations would nut 
appear as tlle  road  structure  improved ; but  he  did  not  attribute 
corrugntions to  motor-buses as such,  and  he l ~ n d  alreatly pointed 
occt (p. 189) the  relntivc effects of motor-buses ant1 otlccr I ~ t v y  
Inotor traffic in damaging thc r o d s .  In   Fulhxn~ ,zhout 500 to GO0 
tnsicnb:< running tlaily to :m(! froilk :I garage on three  waterbound 
roads quickly caused corrllgntions  similar t o  those complained of 
elscwllcre ibs duc to  otlwr vehicles. 
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WWXLII, Mr. ~ ~ S E S T  W O ~ U ~ A L L ,  while in general  agreement  with  most 
tllat Mr. Leeming  submitted  in  his  Etper,  pointed  out  that at  p. 12G, 
under “ Trx t ion  ” the  measure  rather  than  the  “value ” of that  
resistance t o  trailic n-ould, p e r h : ~ ~ ) ~ ,  better express  what was 
intended ; a d  t h t  M-hile ~ ~ n t l e r  low temperatures  waterbonnd 
macadam  required R higher tr:lctive effort  tllnn  tar nlacaciarn, somc 
experilnents  carried  out by Mr. J. 11,’alker Smitll, M .  Inst. C.E., and 
tabulated  in llis book on Tar M E ~ L C : L ~ R ~ I , “   p b l i s l ~ e d   i n  1909, 
showed that  with  heavier vehicles and higher  temperatures  the 
tractive eff’ort on  tar  nucad;lm was considerably  higher  than  on 
wvnterbound ro:Ld-metal. There would appear  to be some incon- 
sistcncy between tlle  Author’s belief in  the absence of corrugation  in 
granite  sets  on  concrete  with a sand cushion and  in wood blocks 
hit1  under  the  mme  conditione.  The  greater  durability of soft- 
woocl :G compnrecl with  hard-mood Lloclrs was fwther  evidemc of 
the import:mce of resilience in  en:~bling  recovery  from  the stl.:tius 
o f  he:zvy traftic, mentioned at  the  foot of p. 142. 

1111.. Lcmuiug. 3rr. LL&EhIIP;(:, in  reply, rema.rked that  he  was .glad t o  note thc 
general  agreement as to  the  necessity of considering  the  subject 
from the  points of view of both  the  design of vehicles and  tlle con- 
slruction of roads. Concrete roads, as mentioned by Mr. Bonlnois, 
ccrtainly oRered possibilities in  the  direction of a rigid  and wave- 
losist.ing  surface. 

H e  was lmticularly  interested  in  the  suggestions of Dr. lirigllt- 
more, and was in  entjire  agreement  with  him  that  the princip:tl 
solution of the wave trouble  lay  in  driving  through  both axles, and 
maintaining so f:tr :\S possible equal  loading  on  the wheels. Mora- 
over,  by  electric  driving it \vas possible to  have  trailer wheels, 
also driven  independently by electric  motors, so tlmt  there would be 
I(KS objection  to  this class of vehicle 011 tlle road. Some c:xI)cri- 
Illents, :LS suggested by &h. Cotterell, lb. l)ryland,  and n[r. JacIcson, 
with :L view to  determine  tllo  ldnt,ive  erect of back-axle d r i v i ~ ~ g  
n l ~ t l  two-:txle driving, atit1 :LISO of obt;tining  hettcr  suspension of thc: 
vcl~iclu, \\-odd be of very  great v:tlue. 

Wit11 reg:zrtl to Mr. Jaclcson’s point as to  the  pitch of the n’av(:s, 
there \vas 110 doubt  that it could be deterulincd if speed, type, : m d  
wheel-base of vellicle, diameter of wlleels, and  direction a . u d  depth 
of the wire  compared wit’h  pitch, were considered : the  variation of 
the  pitch  even a.t short  intervals on :L r0a.d was sufficient to show 
the difficulty of obtaining :I s:Ltisf:tctory rcs111t in practice. 

Hc (lid n u t  ngrec. wit,ll Rlr. Wood in i,he opinion that tllero WIS 

little lil<elihootl of \Tellicles being  altored  seriously t o  reduce  the 
cfiect 011 tllc r o : d  Tlle cl;Lrrl;qe clone by  motor-buses was certninly 
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due  to  repetition of the t,ype of vehicle and wheel-b;lce, and 11.11.. Lccmint.. 
particularly  to  back-axle clriviug ; antl  owing  to  the  preponderance 
of the  motor-bus  over any other  type of vehicle on the  road, 
corrugation w:~s rxpidiy  set up. 

Mr.  Worrall  raised :m interesting  point i n  meutioning  the cliEer- 
ence of tractive  eEort in winter and summer on macadam : ~ 1 1 d  

t:u-macndam roads. As other  u-riters hnve pointed  out,  this was 
important :LS it proved that wtLviness, on tar-macadanl for example, 
was more likely  to occur in  the  summer  than  in  the  winter. 

were  in  apparent  agreement  that  tlle  theories were futile  and 
untenable,  and  that  there was no true  analogy  between U impreg- 
nated " particles in the case of natural  asphalt and the artifically- 
m:de  sand  mixtures. It had been customary in the  past  to  think 
of 1latura.l asphalt as carbonate of lime  impregnated  with  bitumen, 
I)ut  just as it was impossible to  impregnate a piece of quartz for 
the  reason  that  it was a solid (free  from voids) so it was similarly 
impossible to  impregnate  particles of 1imest.one in  their Gnitc 
state.  Even if i t  mere  possible, the  bitumen  impregnated  into  the 
interior of the  particle  lost  its  value as a  binding-agent ; i t  \vas  
only the  bitumen on the  exterior face  which had such a value. It 
nligllt be possible to  impregnate n rock, because i t  w'as made 111) 
of particles  and  the  interstitid spaces permited  the  Iitumen to 
penetrate by capillary  attraction  or by pressure. The  bituminous 
rock which was mined,  and which & f r .  Wood had  seen  in I'Irmce, 
W:LS nothing  like  tlle n:Ltural :tsphalt as laid  in  the  streets ; i t  wits 
cornposed of :I mass of fine particles  and  the  bitumen  appurently 
11xs penetr;Lted at  some  time  in  horizontal  layers. In certain c:lses 
the layers  were  very close together ancl appeared as a d:trk-lron.rl 
stre;Lk about g inch  to irlcll deep,  above a r d  1)clow wllicll tlle 
hye r  were not so close, with  the  grey colour of the  lime cluitc: 
cvident.  His  inquiries  furtller  indicatetl  tllat t l ~ c  inlpregnntctl. 
rock iu some cases only corlt;tinetl S per  cent. of bitullwn ; in i l l ( :  
Illajority of cases it was 6 per  cent. t o  6 per  cent. ; in r u e  :LII(I 
isolated a s u s  (antl in coxnptratively s ~ n d l  qwntitieh) did it c o n t l i ~ l  
H l~er cent.  or more. Yet  the  mtural  rock asphdt  f o u d  laid i n  
the  st.reets  contained  not less than 10 per  ccnt.  and  more  ncarly 
IS  per  cent. of bitumen ! How did  the  natural  aspllalt  containing 
only 2 per  cent.  to 5 per  cent.  or F per  cent.  eventually  when  laid 
contain  the  higher  percentages  mentioned? I t  w a s  obvious that, 
either rock containing a very  high  percentage of bitumen,  or sucl~ 
bitumen its Trinidad pnre, or pure  bitumen  from some other 
source, w t w  adcled, What happened WM illustrated by :LII evcryd:ty 

Mr. WOOD, in  reply,  remarked  that Mr. Ilrylmd and  Mr.  hfarriott m .  Jvood. 
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Mr. wood. example. When a mixture of sand  and  cement was to be mztde 
into mort,ar, it was placed in a heap  and a hol!ow was made  in  the 
centre  into which a quantity of water was poured; if left t o  it,self 
for a short  time  the  water  apparently disappeared-it flowed through 
the  air-spaces  between  the  particles  to  its own level, and  attained 
a  higher  level  in  the mn.ss by capillary nttrxtion,  but  the higher p r t s  
of the  heap  remained  dry. As soon as a shovel was applied t o  the 
mass, and  i t  vas turned over a few times,  every  particle acquirecl by 
surface  tension  its  required  quantity-the who!e  of the  water was 
held  and  evenly  distributed by the  individual  particles. It was 
exactly  the  same  with  rock  impregnated  with  bitumen.  The 
rock was taken  to a mill  and  thoroughly  ground  and  disintegrilted, 
heat WAS applied, and all  the  particles became separaked, and  those 
that had  only a small  percentage  took  up  by  surface  tension,  after 
mixing,  the  required q1uantit8y of bittlmen,  whether i t  was frolxl 
heavily  impregnated rock or  from  imported  bitumen,  until t11u 
whole  mass was so even in composition that  an analysis of ally 
portion  would  give  the  proportion  that was sought  for. If >L 

quantity of compressed asphalt  from a street,  showing  by  analysis 
78 per  cent. of 200-mesh material mere taken  as a standard,  and 
then  an equal  volume of 200-mesh cement was treated  with  bitumen 
to  the  extent  that it gave a " medium " pat  paper  impression  (the 
usual  test  in  artificial  mixtures),  it would be found (as he. had  found) 
that it required  just  about  twice  the  quantity of bitumen that  there 
was in  the compressed asphalt.  One  was forced t o  conclude that   i t  
was therefore a fair  assumptioa  that  the  bitumen was held in  both 
cases tllrough  surface  tension,  and  that  although cubes  were taken 
as a nle:ms of measuring  the  surfaces  they were  only used because tlle 
results were similar to  those  that would be given if the  actual 
superficial  faces of the  particles  had been  used. Taking  the  example 
of natural  asphalt, which showed that only Ilnlf t,l~e  bitumen was 
required  to  secure good results, lie maintained t,ll:tt it  might bc: 
1)ossihlc, wl~en full scientific knowledge of  t,l1c effects of scufaco 
tc1lsion 11;d bccn obhined,  to employ less bitunen, ant1 ygt SDCIII'U 

cqually p o t 1  rcsults. It was admittetl  that  with  the 1l:atcrids used 
in these  mixtures  and  present  methods of mixing,  the  bitumen 
should  not be reduced;  and  with  reference  to  the use of any 
material he had not  intended  to  include  materials of organic  origin 
--t,l1ough desiccated  wood-fibre had been used with success. Mr. 
Houlnois would perhap?  gather from the  foregoing horn there might, 
e:xily I)cx Ilns:wces.<ful naturnl :tspl~a!ts. nlr. C11a.pmnn rightly 
mentioned  the omission of 1ater:tl support to  botll tile base cant 
and  wearing  surface  coat;  lateral sup1)ort by u e m s  of a curb of 
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concrete or granite was very desirable. In reply t o  Mr. Hooley, m .  wood. 
G inches of concrete  under wood-paving had  withstood  for  many 
years a very  large  number of motor-:and steam-lorries  and buses- 
more than were to be found  on  main  roads  in  the country-with 
no detrimental  effect;  and in regard  to  Mr. Hooley’s second 
question, that  gentleman would be hard-pressed  to find  a foundation 
that would be  satisfactory  for  the  conditions he laid  down. I n  
E’nlham several  miles of the  full  thickness of 4 inches had  been laid 
for 4s. &l. per  square  ynrd, and Mr.  IIooley would find i t  had been 
done elsewhere for  the  same  (pre-war) figure. Mr. Leitch’s 
suggest,ion that  the cause of failure  in  the one-coat surfacing was 
not  due  to  expansion  and  contraction,  but  to  deterioration of t,he 
bitumen, was worth  consideration;  but  where  bitumen  had been 
employed in a mixture of fine particles it hnd not noticeably 
cleteriornted after 10 or 15 years,  whereas  the  failure  in  the c a ~ e  
under  notice  occurred  in 4 to 5 years.  The  theory  tlrat  thu 
bitumen was subjected  to much more  severe  conditions  when  large 
stone was used in  the  mixture, which prevented  equal  expansion  in 
the mass, still  appeared  to Mr. Wood to  be a more  feasible cause  of 
the defects. 

IXscussion and  Correspondence on the  Papers would mut,erially 
help  the  solution of the difficulties met  with  in  road  construction 
under  present-day traflic-conditions. I n  ,211 probability traffic would 
increase  very snhsLzntizlly on  main highways, so that  increase  in 
road-widths mould have to  he  considered and  new  main  highways 
to be construct.ed. 

His Paper had been written  more  with  reference  to  country 
roads t h m   t o  large  town  roads, his observations  having been made 
in  countries  where  waterbound macadam roads were mostly in use, 
and on road  construction  in  France  during  the  war.  The  prime 
factor of road  construction was the  foundation. For this concrete, 
in  his  opinion,  stood first ; :L very good second to  it was hard solillg 
htOxle scient.ific;dly packed  so as t o  Form a perfectly solid bi~se  that 
would not  mwe on receiving  the 1o:d  above. Any  movement of 
t,he  foundation n igh t  cause moisture  to  enter  the crevices, when 
the  foundation would sink  by  the  mud filling the crevices, and holes 
or corruptions mould appear  on  the  surface of the  road.  Under 
these  circumstances-the  result of bad nTorkmanship--mud ~ o u l d  
probnbiy, as Mr. Chnpmnn said,  then come to t,he surface  from 
Gelom. A hard soling scientifically packed and  hard  soling pzcked 
;~nylrow were t.wo different  things  As Sir G. Scott-Moncrieff’  had 
pointed  out, ronds fdecl t u  11e capable of standing excessive 

Mr. BOWYER EOJVEIL, in reply,  remarked  that  he  thought  the 3ir. nower. 
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31r. I : ~ ~ ~ ~ ~ .  weathr   and  trafiic conditions if they were not construct,ed for 
those  conditions. 

H e  agreed  with Mr. Hooley's suggestion as t u  packing  the 
soling at an  angle of 45" to the tr:Ltfic, but  as soling stone W ~ S  

of every conceivable shape antl size, an  expert at the work would be 
required, ant1 i t  was a cluestion whether  he could keep a uniform 
mgle of 4.5' at  the s:Lme specd :M X m : t n  packing  longitudinnlly. 
With rega,rd to  Mr. Hooley's attitude totv:Lrds those xvho ~ e r e  
striving to improve roads on scientific lines,  trafic since the w:~r 
1 1 ~ 1  surpassed  expectations  and  in  all  probability  it would incre:w 
:LS mechanical  engineers made further  improvements in mechanical 
transport. The road-engineer  must keep pxce with  requirements ; 
so that if Mr. Hooley's  18-foot road was a main  highway  with 
increasing traffic, it would have  to be widened and  probably 
cuncreted as well. The day was not  far  distant when cnginec1.s 
would see  the  great  value of concrete  in road construction on ~ O : L ~ S  

with  constant mechanical transport. As &fr. BIeade-King renmketl, 
it mould be a happy  day  when :l11 main  roads  were 60 feet wicle. 
llle cost of maintenance of a wide road would be mucll less per 
scluare yard  than  that of a narrow road, as the trafiic would be more 
e ~ e n l y  distributed. 

During  the period of his  observations  the  wuse of waving : l ~ d  
corrugxtion 11ad been faulty  foundations.  Given a good solid 
found:ztion,  lie agreed  with Colonel (,kompton :tnd others tll:Lt the 
stone of the  sub-crust  ought  never  to be l:mger th:m I f  inch, wit11 
:W little tar mixture  as would suffice to w u s e  it to  bind, tlllts 
:tvoitling :m excessive cushion of tar-mixture  between  the StoIIfs, 
whicll, during  hot  weather, would become soft, antl : L ~ ~ O W  :L 

nlovernent in the  sub-crust  when  trafiic passed over. The constructiorl 
of ro:~tls in accordance with  these  conditions would v t ~ y  c o u s i c l ~ r ~ ~ l ~ l y  
reduce waving ancl corrugation, if i t  (lid llot eli1uin:Lte t,helll. 
1 I I  the  laying of the  sub-crust, if some bettor nle:Lnj  of distlibuting 
i t  L ~ I : I . I I  by :L fork and rake were devised, he felt  sure tll:Lt, much o f  
t l ~ t r  primary waving and  corrupting caused by tile roller would IX 
ohvi:ltccl. Kven distribution of t:Lr-nlacdrrn was very tlifiicult ; 
only :m cxpert II:LVVY could properly 1;ty dry Iuncadarn. Wl1en :L 

forkful of sticky t a r - m a d a m  was cast dowm in a mass, tlle ceutre 
of the mass, from  the force of the  fall, became more consolidated 
than the edges. Such masses were  generally  cast sido by side and 
then  raked over to  the  required  tllickness : the  result WLS that   the 
edges of each mass never becitnle as solid as the  centre of it, and 
never received the  same  consolidating  pressure  from  the  roller : 
hencc  depressions,  which had to be filled by the CtLrpet 1 : t p  above. 

,( 
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This, again, cawed the  carpet  layer  to be of varying  thicknesses  in ur nowe?'. 
patches  and  resulted in waves and  corrugations at the final rolling. 
H e  considered that every  care should be taken  in  laying  the sub- 
crust  and  carpet  layer  with as uniform  thickness  and  texture  as 
possible. If some mechanical  process could be devised to attain 
thiz  he  thought  waving  and  corrupting would disappear, especially 
if each layer were rammed  or  punned  instead of being rolled. His 
oxperimce in l7rance showed that rammed or punned  sections 
:~ lmnys had a mnre  even  surface  and stood the traffic best. Ilnntl 
r:ttnming on :I 1;~rgo scale wonltl he nut of the  question, o f  (Y)IIIW, 

Ib l l t ,  I I ~  S:LW no wlsnn why mccll:l.nic~:~l r:m1ning sllonltl n o t .  1 w  
l~ossil , l~~, 

__ 

I T  I )ecembcr, I 9 1 8. 

Sir JOHX h. P. ASPINALL, M.Eng., President, 
in the Chair. 

The discussion upon the  Papers by Messrs. Leeming, Wood nnd 
Rower on  Rontl C'onstrxction ant1 Mnintennnce occupied the 
cvrniyg. 
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