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N o . L - 2  EXPERIMENTAL ROAD FOR HEAVY TRA FFIC ON A VERY COM PRESSIBLE S O IL  (PEAT-BOG-GROUND)

J ,  A .  R o y e r ,  C i v i l - E n g i n e e r  o f  t h e  " P r o v i n o i a l e  W a t e r s t a a t  i n  Z u i d - H o l l a n d " ,  t h e  H ague,-'

I n  a  p a r t  o f  t h e  P r o v i n c e  Z u i d - H o l l a n d  w i t h  a  v e r y  c o m p r e s s i b l e  s o i l ,  c o n s i s t i n g  o f  p e a t - b o g - g r o u n d  

o f  a  d e p t h  o f  8 t o  10 m a n d  w h e r e  t h e  f i r m  f o u n d a t i o n  i s  s i t u a t e d  a b o u t  10 t o  12  m b e l o w  t h e  g r o u n d -  

s u r f a o e  ( f i g .  3^ ) ,  a  n u m b e r o f  n ew  r o a d s  f o r  h e a v y  t r a f f i o  m u s t  b e  b u i l t .

T i l l  n o w  t h e  u s u a l  o o n s t r u o t i o n  o f  e a r t h - w o r k s  i n  t h i s  s o r t  o f  s o i l - e o n d i t i o n  h a s  b e e n  t h e  t i p p i n g  

o f  s a n d  o n  t h e  p e a t - b o g - g r o u n d ,  w h io h  i s  p r e s s e d  a w a y  b y  t h e  w e i g h t  o f  t h e  s a n d ,  u n t i l  t h e  l a t t e r  h a d  

r e a c h e d  t h e  f i r m  f o u n d a t i o n .  I n  t h i s  w a y  t h e  r a i l r o a d  o n  F i g .  1  w a s  c o n s t r u c t e d .

A p a r t  f r o m  t h e  d a m a g e  o a u s e d  t o  t h e  s u r r o u n d i n g s  b y  t h e  p e a t - b o g  p r e s s e d  a s i d e ,  t h i s  c o n s t r u c t i o n  

h a s  t h e  d r a w b a c k ,  t h a t  i n  t h i s  c a s e ,  w h e r e  t h e  f i r m  f o u n d a t i o n  i s  s i t u a t e d  v e r y  l o w ,  a  h u g e  q u a n t i t y  o f  

s a n d  h a s  t o  b e  u s e d  f o r  t h e  l a y i n g - d o w n  o f  t h e  r o a d - e m b a n k m e n t ,  w h i c h  i s  v e r y  e x p e n s i v e .

A s  t h e  p r o j e o t e d  r o a d s  a r e  t o  h a v e  a n  em b a n k m en t o f  a b o u t  1 8  m (2 0  y a r d s )  w i d e ,  s o  t h a t  e a o h  m 

l e n g t h  o f  t h e  r o a d  w o u ld  r e q u i r e  150  t o  200 m3 (5000 t o  7000 o u b i o  f e e t )  s a n d  f o r  t h e  b u i l d i n g  o f  t h e  

e m b a n k m e n t, t h e  c o n B t r u o t i o n - o o s t s  w o u ld  b e  t o o  h i g h .  H e n c e  t h e  p o s s i b i l i t y  w a s  f a o e d  t o  g e t  t o  a  l e s s  

e x p e n s i v e  o o n s t r u o t i o n ,  w i t h o u t  e x p o s i n g  t h e  s t a b i l i t y  o f  t h e  e m b an k m en t t o  d a n g e r .

T h e r e f o r e  w a s  l o o k e d  f o r  a  c o n s t r u c t i o n ,  w h io h  w o u ld  m ake i t  p o s s i b l e ,  t h a t  t h e  p e a t - b o g  w a s  o n l y  

o o m p r e s s e d  a n d  n o t  p r e s e e d  a w a y .  I n  t h i s  c a s e  t h e  s a n d - b o d y  p e n e t r a t e s  m uoh s l o w e r  i n t o  t h e  p e a t - b o g  

a n d  e v e n  i f  t h e  p e a t  w o u ld  b e  c o m p r e s s e d  a t  t h e  e n d  t o  a  t h i n  l a y e r  o n  t h e  f i r m  f o u n d a t i o n ,  t h e  s a n d f i l l  

w i l l  b e  d i v i d e d  o v e r  s o  m an y y e a r s ,  t h a t  a l r e a d y  b y  t h a t  m e a n s o n l y  i s  s a v e d  c o n s i d e r a b l y  o n  t h e  

b u i l d i n g - e x p  e n s  e s .

A s  a  m e th o d  t o  a t t a i n  t h i s  ( s l o w )  c o m p r e s s i o n  o f  t h e  p e a t  vre.s c h o s e n  a  l a y e r  o f  f a s c i n e  ( f a s o i n e  

m a t t r e s s ) ,  b u i l t  o n  t h e  t o p  o f  t h e  p e a t  a s  f o u n d a t i o n  f o r  t h e  s a n d - b o d y ,  w h io h  w a s  g r a d u a l l y  t i p p e d  o n  

t h e  m a t t r e s s  a f t e r  i t  w a s  c o n s t r u c t e d .

F o r  i n v e s t i g a t i o n  p u r p o s e s  a  r o a d  o f  a b o u t  20 0  m o f  t h i s  s y s t e m  w a s  c o n s t r u c t e d .  I t  w a s  l a y e d  o u t  

a l o n g s i d e  o f  a  r a t h e r  n a r r o w  m an y o e n t u r i e s  o l d  r o a d  a n d  a f t e r  c o m p l e t i o n  t r a f f i o  h a s  b e e n  d i r e c t e d  o v e r  

i t .  ( F i g .  1 )

A s  a t  t h e  b e g i n n i n g  t h e r e  w e r e  n o  i n d i c a t i o n s  ho w  f a r  w i t h i n  a  c e r t a i n  t i m e  t h e  m a t t r e s s  w o u ld  

s e t t l e  i n  o o n s e q u e n o e  o f  t h e  w e i g h t  o f  t h e  r o a d -e m b a n k m e n t a n d  t h e  t r a f f i c  a n d  a s  f o r  t h e  p r e s e r v a t i o n  

o f  t h e  f a s c i n a g e  i t  i s  n e c e s s a r y ,  t h a t  w i t h i n  a  f e w  y e a r s  t h e  t o p  o f  t h e  m a t t r e s s  i s  l y i n g  b e n e a t h  t h e  

u n d e r g r o u n d  w a t e r - l e v e l ,  t h e  p e a t  w a s  d u g  o u t  o v e r  a  d e p t h  o f  1  m ( F i g .  i+a & 5 & )»  On t h a t  l e v e l  t h e  

f a s o i n e  m a t t r e s s  w a s  c o n s t r u c t e d ,  s o  t h a t  t h e  t o p  cam e t i l l  0 .10  m a b o v e  t h e  w a t e r - l e v e l .

The f a s o i n e  m a t t r e s s  ( F i g .  2, I4. ic 5 a ) i s  m ade e n t i r e l y  o f  f a s c i n e s  o r  b r u s h w o o d  a n d  c o n s i s t s  o f  3 

m a in  p a r t s ,  t o  w i t i
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6ENERALPLAN OF THE EXPERIMENTAL ROAD 
SITUATION VON DER PROBESTRASSE
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1 . one grating constructed by means of "wieps" at a distanoe of 0.80 m c . to  o. (with meshes of 
about one square yard), which forms the bottom part;

2. a f i l l i n g  of brush-bundles, applied in  3 la y ers, orossing each other, each layer th ick  about
0.15 m (5 ")j

3. one grating, sim ilar to  the bottom one, which is  placed on the top of the f i l l i n g .
Bottom and top grating are firm ly  conneoted by means of ropes (lashings) a t each point of in ter­

secting of the "wieps" of the bottom and those of the top grating. For th is  reason the in tersectin g  
points of the "wieps" at bottom and top must oorrespond, that is  to  say, they must be plaoed in  the same 
perpendicular. In th is  way the entire  structure beoomes one strojig m attress, which has considerable 
te n s ile  and oompressive strength.

"Wieps" are best oompared w ith heavy hawsers. They are made of branches of brushwood, which are 
placed together in such a way, that they overlop each other. To obtain the necessary strength the 
branches are pressed together by means of bonds. Bonds are applied at in tervals of about 0.15 m (6") 
and are made of osier tw igs.

The "wieps" have a ciroumference of 0,!l0 m ( l 6" ) ,  except the cross "wieps" of the bottom grating, 
which have a circumference of 0.55 ® (22") .

The cross "wieps" are made in  one piece w ith a length of 17 m. The longitudinal "wieps" are made 
in lengths of 50 m and these lengths are connected by tyin g the ends together w ith osier twigs a t a 
distance of about 2.50 m.

The brush-bundles of the intermediate layer of the f i l l i n g ,  suoh in  oontradistinotion to  the bottom 
and top la y e r , are loosened and spread.

The f&soine mattress has a thickness of 0.80 m (32") including the bottom and top gratin g .
As the peat was so s o ft , that the workmen were sinking away in  i t  beyond th e ir  knees, a th in  

layer of reed was spread before s ta rtin g  the construction of the mattress (F ig . J4) .
Before tipping the sand fo r  the road-embankment on the m attress, the fascinage was penetrated with 

sand by soaking i t  with sand and water (F ig . 5a ).
The sand fo r  the road-enbankment was f i l l e d  in  with layers th ick  0.30 m. The f i r s t  two layers were 

brought in  place by wheel-barrows, the others by tru cks. Continually the sand was spread uniformly a l l  
over the surface to  a to ta l  amount of 2.20 m on the top of the m attress. The tipping of the sand took 
about 2 months.

A fter completion nothing was done to  the sand-body during I4. months. Then the surface was brought to  
one le v e l ,  rammed by an explosion-rammer w ith a dead-weight of 500 kg (F ig. 5b), a fte r  whioh a brick 
pavement, 6 m wide between concrete curbs, was la id . The top of the pavement was then ly in g  1.20 m above 
the underground w a te r-lev e l.

As soon as the laying of the pavement is  fin ish ed , the t r a f f io  is  direoted over the new
road*

U ntil now the applied construction did not give any disappointment. The fascine-work forms a con­
tinuous base without any jo in ts , eith er in  length or w idth. I t  has a low dead-weight and d istrib u tes  the 
pressure, excercised by the weight of the road-embankment and the t r a f f i c .  Embankment and fascinage to­
gether are able to  r e s is t  te n s ile  and compressive stresses in  case of d efleo tio n . This makes i t  p ossib le , 
that parts of the s o il  with le ss  resistan ce than the surrounding are bridged over and so lo c a l s e t t le ­
ments are prevented.

I t  is  noted, that the surroundings of the experimental road do not p artic ip a te  in  the settlem ent.
The ramming with the explosion-rammer did not influence the settlem ent of the fascin age. The embankment 
i t s e l f  and perhaps the mattress too se ttle d  together about 0.10 m (U") in  the la s t  lg  years.

How during 2 years the settlem ent of the bottom of the fasoine mattress has been observed every week . 
a t lL  points. The settlem ent of those points did not show much d ifferen ce . The average of those llj. 
records of the settlem ent of the m attress, caused by the load, has been given in  a time-settlemerrt- 
diagram (Fig. 3a ).

This diagram proves c le a r ly , that the settlem ent has decreased considerably. But as i t  is  necessary 
to get surety about the fu rth er path of the diagram, a lso  in  order to derive the most economical le v e l on 
which the fasoine mattress has to be b u ilt ,  the diagram has been compared w ith the re su lts  of the 
lab orato ry-tests of undisturbed soil-sam ples. These te s ts  were made by the Laboratory fo r  S o il Meohanios 
at D e lft .

For further information can be referred to the Paper of Professor A. S. Keverling Buisman, giving 
indications which seem favorably fo r  the settlement in  the fu tu re .

No. L-3 VERTICAL AND LATERAL DISPLACEMENTS OF A REINFORCED
CONCRETE CULVERT UNDER A HIGH EARTH EMBANKMENT 
M. G. Spangler, Associate Structural Engineer,

Iowa Engineering Experiment Station , Iowa State College, Ames, lavra

In the development of Harston's Theory of Loads on Underground Conduits, (B u lletins 31» hi 1 57» 76, 
79* 80, 93» 99* 10i+, 108, 112, and esp eo ia lly  96 of the Iowa Engineering Experiment Station) i t  has been 
shown that the v e r t ic a l settlem ent of the top of a cu lvert in  re la tio n  to  certa in  elements of the en­
veloping earth embankment has a very important influenoe upon the magnitude of the load whioh the em­
bankment imposes upon the struoture. This paper is  a report of the measurements of both v e r tio a l and 
la te r a l displacements of a reinforced conorete horseshoe aroh oulvert under the action  of an earth 
enbankment whioh is  6J4 fe e t  high above the top of the cu lve rt.


