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PREFACE 

This  r e p o r t  has been prepared f o r  record purposes f o r  t hose  

immediately concerned wi th  t h e  t e s t  i n s t a l l a t i o n .  It is  

planned t o  pub l i sh  t h e  informat ion  a s  soon a s  s u f f i c i e n t  

readings  have been obta ined  t o  a l low some conclus ive  

evidence about t h e  performance of t h e  t e s t  i n s t a l l a t i o n ,  

probably w i t h i n  two yea r s  t ime. 



POCK MCEOPS TO COHTROL €WAVE OF SEALE AT CISTI BUILDIUG: 

A DESCRIPTIOU OF TEXIR PEPPORHM~ FROM MAY 1982 TO 1983 

W.J. Eden 

The 8-storey CISTI Building i s  founded p a r t i a l l y  on l imestone and 
p a r t i a l l y  on black s h a l e  a t  t h e  Montreal Road Labora to r i e s  of t h e  Nat ional  

Research Council Canada (NRCC). Because t h e  basement i s  founded on rock 
a t  3 d i s t i n c t  l e v e l s ,  t h e r e  was a  p o s s i b i l i t y  of s h a l e  heave. Seve ra l  
l e v e l  po in t s  were t h e r e f o r e  i n s t a l l e d  i n  t h e  f l o o r  s l a b  dur ing  t h e  

c o n s t r u c t i o n  phase and have been monitored s i n c e  1973. 

One a r e a  of t he  basement began t o  heave almost immediately; a f t e r  
10 yea r s ,  i t s  maximm measured heave has  exceeded 10 cm. An exper imenta l  

f l o o r  was planned i n  1981 and completed under c o n t r a c t  i n  Apr i l  1982. 
A 6 x 8 f t  (1.8 x 2.4 m) s e c t i o n  of t h e  f l o o r  was i s o l a t e d  and anchored by 

4 rock anchors,  and load c e l l s  were i n s t a l l e d  i n  i t  t o  measure t h e  f o r c e s  
on t h e  rock anchors.  A t  presen t ,  l oad  i s  cont inuing  t o  build-up on t h e  
anchors.  This  r epor t  desc r ibes  t h e  s i t e ,  p re sen t s  t he  r e s u l t s  of t h e  

l e v e l  surveys ,  desc r ibes  t h e  anchored s l a b  i n s t a l l a t i o n  and g i v e s  t h e  

r e s u l t s  of t h e  f i r s t  year  of measurements. 

SITE DBSCRIPTION 

The bu i ld ing  c o n s i s t s  of a  r ec t angu la r  8-storey tower supported by 
4 L-shaped s h e a r  w a l l s  which rest on d r i l l e d - i n  ca issons .  Surrounding 
the  tower i s  a 2-storey s t r u c t u r e  founded on spread f o o t i n g s  on bedrock. 
There a r e  4 l e v e l s  of basement f l o o r s .  About one q u a r t e r  of t h e  n o r t h  

s i d e  of the bui ld ing  r e s t s  on l imestone,  wi th  the  r e s t  of t h e  bu i ld ing  
on sha le .  Figure 1 i s  a ske tch  p l a n  (no t  t o  e x a c t  s c a l e )  of t h e  b u i l d i n g  

which shows the  l o c a t i o n  of t h e  shea r  w a l l s ,  t h e  f a u l t  zone between t h e  

s h a l e  and t h e  l imestone,  t h e  va r ious  l e v e l s  of t h e  foundat ion,  and t h e  
s e r v i c e  tunnel .  The lowest l e v e l  is t h e  s e r v i c e  tunnel  which runs through 

t h e  bu i ld ing  from n o r t h  t o  south. The sou theas t  co rne r  of t h e  b u i l d i n g  
beyond t h e  shea r  w a l l  is a t  t he  s e r v i c e  tunnel  l e v e l .  The next  l e v e l ,  
about 8 f t  (2.4 m) above t h e  s e r v i c e  tunne l ,  i s  a machine room l o c a t e d  

i n  t h e  northwest quadrant  of t he  bui lding.  The remainder of t he  bu i ld ing ,  
except  f o r  t h e  extreme nor the rn  po r t ion ,  i s  l o c a t e d  about 4 f t  (1.2 m) 
above the  machine room. The extreme n o r t h  po r t ion  of t h e  bu i ld ing  i s  
l o c a t e d  one f l o o r  above t h i s ,  and i s  founded on t h e  limestone. 

The bedrock c o n s i s t s  of l imestone of t h e  Ottawa formation n o r t h  of 
t h e  f a u l t .  The l imestone has  numerous f r a c t u r e s ,  but  t h e  bedding i s  
genera l ly  massive. South of t h e  f a u l t  is  t h e  B i l l i n g s  s h a l e  formation. 
The s h a l e  next t o  t h e  f a u l t  i s  badly d i s t o r t e d  and f r a c t u r e d ,  but  i s  
reasonably sound i n  t h e  southeas t  corner.  I n  the  f r a c t u r e d  zone t h e r e  
were numerous v i s i b l e  i n c l u s i o n s  of p y r i t e  c r y s t a l s .  F igures  2 and 3 show 



the  f a u l t  zone and the  d i s t o r t e d  s h a l e  s t r a t a  seen  i n  t h e  e a s t  f a c e  of t h e  
excavat ion  f o r  t h e  s e r v i c e  tunnel .  

Since the  bedrock conta ins  many f r a c t u r e s ,  water moves f r e e l y  through 
it. The water  l e v e l  i s  c o n t r o l l e d  by an  underf loor  d ra inage  system 
leading  t o  sump pump s t a t i o n s  loca ted  i n  t h e  s e r v i c e  tunne l  and i n  t h e  

s o u t h e a s t  co rne r  of t h e  bui lding.  

LEVEL SURVEYS 

During excavat ion ,  an a s p h a l t  membrane was sprayed on t h e  bedrock 
s u r f a c e s  t o  c o n t r o l  weathering of t h e  sha le .  Because of t h e  f r a c t u r e s  i n  

the  bedrock, it was probable t h a t  t h e  a s p h a l t  membrane would have l i t t l e  
e f f e c t  and t h a t  s h a l e  heaving would occur. Accordingly, 12 r e fe rence  
po in t s  were placed i n  t h e  f l o o r  s l a b  on both s i d e s  of t he  excavat ion  f o r  
t h e  s e r v i c e  tunne l  i n  January 1973. These were p o i n t s  93A t o  93F i n  t h e  
machine room and po in t s  17A t o  17F i n  a  c o r r i d o r  on t h e  ground f l o o r  
l e v e l .  Floor  surveys  were conducted p e r i o d i c a l l y  beginning i n  January 
1973 wi th  a p r e c i s e  l e v e l  us ing  a s  r e fe rence  bench marks s e t  i n  t h e  s h e a r  

wa l l s .  

Within one yea r ,  it was ev iden t  t h a t  t h e  f l o o r  i n  t h e  machine room 
was heaving. No movement was ev iden t  i n  t h e  c o r r i d o r ,  probably because 

the  r e fe rence  po in t s  i n  it were a l l  l oca ted  next  t o  a  masonry w a l l  which 
would r e s t r a i n  heave. S i x  new p o i n t s  17A' t o  17F' were i n s t a l l e d  i n  t h e  
middle of t he  co r r ido r .  Measurements a t  t hese  p o i n t s  have been made every  
3 months s i n c e  March 1974. 

I n  June 1975, 54 a d d i t i o n a l  re ference  p o i n t s ,  l oca ted  a s  shown i n  
F igure  4, were i n s t a l l e d  throughout t h e  p a r t  of t h e  bu i ld ing  u n d e r l a i n  by 

sha le .  Since June 1975, surveys have been conducted every 3 months. 

According t o  the  surveys ,  t he  heave has been confined t o  Room 93 ( t h e  
machine room). F igure  5 is  a record  of heave w i t h  time f o r  s e v e r a l  p o i n t s  
i n  Room 93. Po in t s  93F and 835 have shown t h e  h ighes t  r a t e  of heave, 

about  1 cm p e r  year.  Po in t  F has heaved more than  10 cm, bu t  i s  now 

r e s t r a i n e d  by the  rock anchor i n s t a l l a t i o n .  

Very minor movements have been recorded ou t s ide  Room 93. Some 
movement h a s  been observed i n  Corr idor  17, but  i s  l e s s  t han  0.5 cm. 

ROCK MCBORED SLAB 

One poss ib l e  method of c o n t r o l l i n g  heave over  a  l i m i t e d  a r e a  is t o  
anchor a  f o o t i n g  t o  underlying unweathered rock. Such a method could  be 
u s e f u l  i n  c o n t r o l l i n g  heave under machine foundat ions.  To t e s t  t h e  
method, and t o  o b t a i n  a n  i n d i c a t i o n  of t h e  f o r c e s  t h a t  t h e  anchors  would 
have t o  r e s i s t ,  t he  experimental  s l a b  was i n s t a l l e d  t o  cover a  6 x 8 f t  
(1.8 x 2.4 m) a r e a  inc lud ing  p o i n t  93F. The c o n t r a c t o r ,  G.C. McRostie, 



desc r ibes  t h i s  i n s t a l l a t i o n  i n  cons iderable  d e t a i l  i n  h i s  r e p o r t  
No. SF-2322 t o  NRCC da ted  March 31, 1982. 

B r i e f l y ,  t h e  i n s t a l l a t i o n  c o n s i s t s  of :  

( 1 )  a 6 x 8 f t  (1.8 x 2.4 m) panel  of f l o o r  s l a b  c u t  f r e e  of r e s t r a i n t  
from t h e  remaining f l o o r  s l a b  w i t h  a concre te  saw; 

(2 )  fou r  2 1/8 in .  (54 mm) BW rock anchors ,  17 f t  (5.2 m) long and 
grouted  f o r  t h e  lower 8 1/2 f t  (2.6 m), i n s t a l l e d  i n  t h e  co rne r s  of 

t h e  s l a b ;  

( 3 )  a s t e e l  g r i l l a g e  app l i ed  t o  t h e  s u r f a c e  t o  make i t  r i g i d ;  and 

(4 )  fou r  IRAD load c e l l s  i n s t a l l e d  between t h e  g r i l l a g e  and t h e  anchors  
t o  measure t h e  load  imposed on each  anchor. 

Figure 6 is  a photograph of t h e  completed i n s t a l l a t i o n  t aken  i n  May 1982. 
Survey po in t  93F, l o c a t e d  about  t h e  middle of t h e  anchor s l a b ,  was n o t  

d i s tu rbed  dur ing  the  i n s t a l l a t i o n .  

IRAD v i b r a t i n g - w i r e  load c e l l s  wi th  a capac i ty  of 75 t o n s  each  
(747 kN) were chosen because of t h e i r  compa t ib i l i t y  w i t h  e x i s t i n g  readout  
equipment. Each c e l l  conta ins  3 v i b r a t i n g  wire  s t r a i n  gauges t o  account 
f o r  any e c c e n t r i c i t y  i n  loading. A f t e r  t h e  i n s t a l l a t i o n  w a s  completed, 

a small  preload of less than  1000 lb/anchor (4.448 N) w a s  induced by 
t i g h t e n i n g  t h e  jam n u t s  on t h e  anchors.  

From t h e  fol lowing t a b l e ,  which g ives  t h e  r e s u l t s  of t h e  readings  f o r  
t h e  f i r s t  year ,  i t  i s  ev iden t  t h a t  load  i s  accumulating on t h e  anchors.  

The CISTI bu i ld ing  has been subjec ted  t o  apprec iab le  s h a l e  heave. 
To da te ,  t h e  most a c t i v e  heave i s  confined t o  a n  a r e a  e a s t  and sou th  of 
the  northwest shea r  wal l .  The r a t e  of heave has been nea r ly  cons tant  over  
a l o y e a r  period. 

During the  f i r s t  year  of opera t ion ,  t h e  anchored s l a b  has performed 
a s  envisaged, wi th  load accumulating on t h e  anchors.  It may t a k e  ano the r  
5 yea r s  t o  determine whether t h e  des ign  capac i ty  of t h e  anchors i s  
s u f f i c i e n t .  

Since o t h e r  a r e a s  of t h e  bu i ld ing  could,  i n  t i m e ,  be a f f e c t e d  by 
heave, p e r i o d i c  l e v e l  surveys  should be continued. 



TABLE 1: MEASURED LOAD ON ANCHORS, l b  (kN) 

May 3 May 3 May 11 J u n e 8  Ju ly  15 Sept.28 Dec.15 Mar.3 

Date  1982 1982 1982 1982 1982 1982 1982 1983 

( P r e s t r e s s )  

C e l l  No. 1 0 970 

(435)  

C e l l  No. 4  0 841 

(377)  

TOTAL, l b  0 3142  

(kN) (1 408) 
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F I G U R E  1 

P L A N  O F  B U I L D I N G  S H O W I N G  . L O C A T I O N  O F  F A U L T  Z O N E  



Figure 2 V i e w  of f a u l t  zone i n  bedrock 



Figure 3 Disturbed shale strata next to fault 

(Hammer at fault contact) 
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Figure  6 View of anchored s l a b  i n s t a l l a t i o n  


