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A B S T R A C T

T h is  c o n trib u tio n  d is c u s e s  th e  im p o rta n c e  o f  p ro p e rly  d e f in in g  th e  s c o p e  o f  a m o n ito r in g  p ro g ram  an d  h o w  n e c e s s a ry  it is  th at th is  is 

w e ll u n d e rsto o d  b y  a ll  p a rtie s  in v o lv e d . It a ls o  ra is e s  q u e stio n s  ab o u t o u r a b il ity  to  f o re s e e  an  im p e d in g  fa ilu re  b a se d  o n  m o n ito rin g  

re su lts . T h e  p o in ts  m a d e  a re  illu s tra te d  b y  th e  c o lla p s e  o f  a tu n n e l in  N o rw ay .

R É S U M É

C e tte  c o n trib u tio n  d is c u te  l ’ im p o rta n c e  d e d é f in ir  d e  f a ç o n  a d é q u a te  le  b u t e t l ’ é te n d u e  d ’ u n  p ro g ra m m e  d ’ a u s c u lta tio n  e t la  n é c e s s ité  

p o u r q u e  le  p ro g ra m m e  e t so n  e n v e rg u re  so ie n t b ie n  a s s im ilé s  p ar c h a c u n  d e s a c te u rs  d an s le  p ro je t. L a  p ré se n ta tio n  se  p e n c h e  au ssi su r 

n o tre  h a b ilité  à p ré v o ir  u n e  ru p tu re  im m in e n te  su r la  b a s e  d e s ré su lta ts  d ’ a u s c u lta tio n . L e s  a sp e c ts  so u le v é s  so n t illu s tré s  a v e c  

l ’ e f f o n d re m e n t d ’ u n  tu n n e l e n  N o rv è g e .

IN T R O D U C T IO N

P e rf o rm a n c e  m o n ito r in g  se rv e s  an  im p o rta n t ro le  in  m a n y  c o n ­

s tru c tio n  p ro je c ts  an d  is  o f te n  a  p art o f  a " d e s ig n - a s - y o u - g o "  o r 

" o b s e rv a tio n a l"  a p p ro a c h . It is , h o w e v e r , im p o rta n t to  p ro p e rly  

d e f in e  th e  s c o p e  o f  th e  m o n ito r in g  p ro g ra m  and  th e  ro le  o f  th e  

d if f e re n t p a rtie s  in v o lv e d  ( o w n e r , c o n s u lta n t an d  c o n tra c to r )  in  

d e a lin g  w ith  th e  re s u lts  o f  th e  m o n ito r in g  d u rin g  c o n s tru c tio n .

K E Y  T O  T H E  S U C C E S S  O F  A  M O N IT O R IN G  P R O G R A M

M a n y  p e r fo rm a n c e  m o n ito r in g  p ro g ra m s d o  n o t liv e  u p  to  th e 

e x p e c ta tio n s  o f  th e  in te n d e d  u s e rs  o f  th e  re s u lts , o r  to  th o se  th at 

f in a lly  p ay  th e  b i l l ,  b e c a u s e  o f  la c k  o f  a c le a r ly  d e f in e d  p u rp o se  

o r s c o p e  o f  w o rk . T h e  s c o p e  o r p u rp o se  m ay  b e  b ro a d ly  d e f in e d  

b y  th e  f o l lo w in g  7  le v e ls , p a rtly  a d o p te d  f ro m  P e c k  ( 1 9 6 9 )  an d  

K a rlsru d  ( 1 9 8 6 ) :

L e v e l  A : V e r i f i c a tio n  o f  th e  d e s ig n  b a s is  an d  so u n d n e ss  o f  

th e  d e s ig n . T h is  m a y  b e  w arran te d  w h e n  th e re  are  s ig n if ic a n t 

u n c e rta in tie s  ab o u t th e  in te rp re ta tio n  o f  g ro u n d  c o n d itio n s , 

e x te rn a l lo a d in g  c o n d itio n s  o r d e s ig n  m e th o d s  ad o p te d .

L e v e l  B :  D e te c tio n  o f  u n a c c e p ta b le  p e r f o rm a n c e  th at m ay  

le a d  to  f a ilu re  o r h av e  o th e r  s e r io u s  c o n s e q u e n c e s , in  d u e tim e  

f o r  re m e d ia l m e a su re s  to  b e  u n d e rtak e n .

L e v e l  C : T o  h e lp  o p tim iz e  th e  d e s ig n  d u rin g  c o n s tru c tio n  o r 

in  o th e r  w o rd s , d e lib e ra te  u se  o f  " d e s ig n - a s - y o u  g o "  o r " o b s e r ­

v a tio n a l"  m e th o d .

L e v e l  D : D o c u m e n ta tio n  o f  p o s s ib le  in f lu e n c e  o n  su rro u n d in g  

s tru c tu re s . T o d a y  th is  h a s  b e c o m e  a m u st in  a lm o s t e v e ry  

c o n s tru c tio n  p ro je c t to  a v o id  u n n e c e ssa ry  c la im s  an d  l itig a tio n s  

f ro m  th ird  p artie s .

L e v e l  E: D o c u m e n ta tio n  o f  th e  q u a lity  o f  c o n s tru c tio n . In  th is  

re s p e c t it is  m y  e x p e r ie n c e  th at w h e n  a c o n tra c to r  k n o w s  th at h is  

w o rk s  w ill  b e  c lo s e ly  f o l lo w e d  b y  p e r fo rm a n c e  m o n ito r in g , it 

w ill  im p ro v e  th e q u a lity  o f  h is  w o rk s .

L e v e l  F : P ro v id e  d ata  to  h e lp  im p ro v e  d e s ig n  p ro c e d u re s  fo r 

fu tu re  w o rk s  o f  a s im ila r  n atu re .

L e v e l  G : T o  e n h a n c e  o u r g e n e ra l u n d e rsta n d in g  o f  g ro u n d  

re s p o n se  an d  b a s ic  m e c h a n is m s . T h is  is  in  o th e r w o rd s  m o re  

g e n e ra l and  lo n g - te rm  R & D  re la te d .

In  m o s t c a s e s , th e  s c o p e  w ill  b e  a c o m b in a tio n  o f  tw o  o r m o re  

o f  th e  le v e ls  q u o te d  a b o v e . In  a n y  c a s e , it is  a ls o  v ita l to  th e  

s u c c e s s  o f  a p e r fo rm a n c e  m o n ito r in g  p ro g ra m  th at it's s c o p e  an d  

p u rp o se  is  w e ll u n d e rsto o d  b y  a ll p a rtie s  in v o lv e d , in c lu d in g  th e  

c l ie n t, th e  d e s ig n e r  an d  th e  c o n tra c to r . T h is  m a y  b e  an  o b v io u s  

p o in t, b u t it an  a s p e c t w h ic h  sh o u ld  b e  g iv e n  m o re  a tte n tio n . In 

N o rw a y  as w e ll as  in te rn a tio n a lly , th e re  s e e m s  to  b e  a te n d e n c y  

f o r  le s s e r  i f  an y , in v o lv e m e n t b y  th e  c o n su lta n t o r th e  d e s ig n e r 

a f te r  th e  c o n tra c t d o c u m e n ts  are  c o m p le te d . Fu rth e rm o re , th e 

c l ie n t an d  th e  c o n tra c to rs  s e e m  fa r m o re  c o n c e rn e d - , an d  h az e l 

a b o u t,-  f in a n c ia l  an d  c o n tra c tu a l a s p e c ts , th an  th e y  are  c o n ­

c e rn e d  a b o u t th e  q u a lity  an d  s a f e ty  o f  c o n s tru c tio n .

T o  b e  s u c c e s s f u l , a p e r fo rm a n c e  m o n ito r in g  p ro g ra m  at 

L e v e ls  A , B  an d  C , w h ic h  is  s tro n g ly  d ire c te d  to w ard s th e  s a f e ty  

o f  th e  w o rk s , a ls o  re q u ire s  th at th e  f o l lo w in g  c o n d itio n s  are  

fu lf i l le d :

1. T h e  d e s ig n e r  h as a p rio ri m ad e  a re a l is tic  p re d ic tio n  o f  th e  

e x p e c te d  p e r fo rm a n c e

2 . S im ila r ly , th at th e  d e s ig n e r h as c o n s id e re d  c o n s e q u e n c e s  o f  

le s s  f a v o u ra b le  g ro u n d  c o n d itio n s  o n  p re d ic te d  p e r fo rm a n c e , 

an d  c a re f u lly , an d  w ith  an  o p e n  m in d , stu d ie d  w h a t f a c to rs  

th at are  re a lly  im p o rta n t to  th e  s a f e ty  o f  th e  w o rk s . T h is  

sh o u ld  in c lu d e  g ro u n d  p a ra m e te rs  as  w e ll a s  w e ll  as 

u n e x p e c te d  d e f e c ts  th at c o u ld  a ris e  d u rin g  c o n stru c tio n .

3. T h e  d e s ig n e r, o r s o m e o n e  e ls e  h ire d  b y  th e  c l ie n t w h o  h as 

b e e n  m a d e  th o ro u g h ly  f a m ilia r  w ith  a ll re le v a n t a s p e c ts  o f  th e  

d e s ig n  an d  p e r fo rm a n c e  m o n ito r in g  p ro g ra m , is  g iv e n  

c o n tin u o s  a c c e s s  to  th e  d ata  c o l le c te d , in s p e c ts  th e  s ite  o n  a 

re g u la r b a s is , an d  h a s  th e  au th o rity  to  a c t i f  u n a c c e p ta b le  

p e r fo rm a n c e  is  d e te c te d .

4 . P o s s ib le  a c tio n s  to  p re v e n t fa ilu re  o r  c r i tic a l  s itu a tio n s  h av e  

b e e n  c a re f u lly  th o u g h t o f  in  ad v a n c e .

5. I f  o n e  d e lib e ra te ly  w o rk  w ith  a la rg e  ris k  o f  f a ilu re , o n e  

sh o u ld  a lso  h av e  th e  e q u ip m e n t f o r  u n d e rta k in g  p re v e n tiv e  

m e a su re s  re ad y  at h an d . T h e  sa m e  a p p lie s  to  u se  o f  th e  

" d e s ig n - a s - y o u - g o "  o r " o b s e rv a tio n a l"  m e th o d s.
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F ig u re  1 I l lu s tra t io n  o fg ro u n d  con d itio ns  a lo n g  the E id s v o ll tunne l

T o  w h at e x te n t w e  a c tu a lly  c a n  f o re s e e  a c a ta s tro p h ic  fa ilu re  

b a s e d  o n  m o n ito r in g  d ata  is  a q u e s tio n  th at w e  as  a p ro f e s s io n  

sh o u ld  p a y  m o re  a tte n tio n  to . W e  m a y  te n d  to  b e  to o  o p tim is tic . 

It is  su rp ris in g  h o w  m a n y  f a ilu re s  h a v e  o c c u rre d  v e ry  a b ru p tly  

an d  w ith  e s s e n tia lly  n o  w a rn in g  in  te rm s  o f  f o r  in s ta n c e  

m a g n itu d e s  o r  ra te s  o f  d is p la c e m e n ts . O n  th e  c o n tra ry , th e re  

h a v e  b e e n  m a n y  f a ilu re s  w h e re  m e asu re d  d is p la c e m e n ts  p rio r  to  

fa ilu re  w e re  q u ite  s ta b le  an d  ju d g e d  to  b e  at an  a c c e p ta b le  le v e l . 

R e f e r e n c e  is  f o r  in s ta n c e  m a d e  to  th e  n u m e ro u s  f a ilu re s  w h ic h  

h av e  b e e n  su m m a riz e d  b y  H S E  ( 1 9 9 6 )  in  re la tio n  to  u se  o f  th e  

N e w  A u s tr ia n  T u n n e ll in g  M e th o d  ( N A T M ) .

O n e  m a y  th e re f o re , q u e s tio n  w h e th e r w e  f u l ly  a p p re c ia te  th e  

" b r ittle n e s s "  o f  th e  o v e ra ll  s y s te m , an d  th at rap id  " b r ittle "  

f a ilu re s  m a y  o c c u r , n o t o n ly  as  a  re s u lt o f  th e  b r ittle n e s s  o r s tra in  

s o f te n in g  n atu re  o f  s o i ls  o r  ro c k  m a s s e s  in v o lv e d , b u t a ls o  d u e  to  

" b r ittle n e s s "  o f  th e  su p p o rt sy s te m  an d  th e  p o s s ib i l i ty  o f  su d d e n  

c h a n g e s  in  g ro u n d  c o n d itio n s  o r lo a d in g  c o n d itio n s .

T H E  E ID S V O L L  T U N N E L  E X P E R IE N C E

A  y e a r a g o  th e re  w a s  a d ra m a tic  c o l la p s e  in  a s o f t g ro u n d  tu n n e l 

in  N o rw a y , w h ic h  w ill  b e  u se d  to  illu stra te  s o m e  o f  th e  p o in ts  

m a d e  a b o v e .

T h e  E id s v o ll  tu n n e l as  it is  c a l le d , is  a 4 4 0  m  lo n g  s in g le  

tra c k  ra il  tu n n e l ( F ig . 1) . T h e  d e p th  f ro m  th e  g ro u n d  s u r f a c e  to  

th e  tu n n e l c ro w n  is  13 to  17  m , ap art f ro m  n e a r th e  e n tra n c e  and  

e x i t  p o in ts . T h e  g ro u n d  c o n d itio n s  a t th e  s ite  a re  illu s tra te d  in  

F ig . 1. B r ie f l y  d e s c rib e d  it c o n s is ts  o f  a m e d iu m  s t i f f  m a rin e  c la y  

d e p o s it w ith  m e te r -  th ic k  in c lu s io n s  o f  n o n - c o h e s iv e  f in e  san d y  

s ilt. T h e s e  s i lt in c lu s io n s  sh o w e d  a v e ry  e rra tic  d is tr ib u tio n  b o th  

h o r iz o n ta lly  an d  v e rtic a lly , b u t m a d e  o n  a v e ra g e  u p  a b o u t 2 5  %  

o f  th e  to ta l s o i l  v o lu m e  a lo n g  th e  tu n n e l. T h e  g ro u n d  w a te r  ta b le  

w a s  4  to  7  m  b e lo w  th e  s u r f a c e , b u t th e re  w as an  u n d e rp re ssu re  

c o m p a re d  to  a  h y d ro s ta tic  d is tr ib u tio n  w ith  d e p th , w h ic h  

c o rre s p o n d e d  to  a b o u t 3 to  5 m  o f  h e ad  w a te r at th e  tu n n e l le v e l . 

T h e  m a rin e  c la y  h as an  u n d ra in e d  s h e a r stre n g th  w h ic h  in c re a s e  

f ro m  ty p ic a lly  5 0 - 6 0  k P a  at th e  c ro w n  to  8 0 - 9 0  k P a  at th e  in v e rt 

o f  th e  tu n n e l.

N G I w a s  e n g a g e d  b y  th e  c l ie n t to  u n d e rta k e  th e  f e a s ib i l ity  

s tu d y  f o r  th e  tu n n e l. A s  p art o f  th at stu d y , it w a s  c o n s id e re d  a 

w id e  ra n g e  o f  tu n n e ll in g  c o n c e p ts , ra n g in g  f ro m  u se  o f  v a rio u s  

f o rm s  o f  tu n n e ll in g  sh ie ld s , c o n c e p ts  b a s e d  o n  e s ta b lis h in g  a

F ig u re  2 Tunnel cross section w ith  cons truc tion  sequence

su p p o rt rin g  b y  m ic ro - tu n n e ls , g ro u n d  f re e z in g  o r  je t -  g ro u tin g , 

a s  w e ll as  th e  s o - c a lle d  N A T M  c o n c e p t. N G I e n d e d  u p  r e c o m ­

m e n d in g  u se  o f  an  o p e n  g a te  sh ie ld , b u t se v e ra l o f  th e  o th e r  c o n ­

c e p ts  c o u ld  a ls o  b e  te c h n ic a lly  an d  e c o n o m ic a l ly  f e a s ib le . O n e  

c o n c e p t th at w as s p e c i f i c a l ly  tu rn e d  d o w n , h o w e v e r , an d  re ­

g ard e d  as  n o t f e a s ib le  u n d e r th e  p re v a il in g  g ro u n d  c o n d itio n s , 

w as u se  o f  th e  N A T M  c o n c e p t. W ith o u t g o in g  in to  d e ta ils , th is  

c o n c lu s io n  re g a rd in g  th e  f e a s ib i l ity  o f  N A T M  w as n o t s o  m u c h  

b a s e d  o n  ra tio n a l a n a ly s e s , b u t m o re  o n  " e n g in e e r in g  ju d g e ­

m e n t" . It w as f e lt th at th e  c o m b in a tio n  o f  re la tiv e ly  s o f t c la y  an d  

w a te rb e a r in g  s i lt w as n o t a  g o o d  c a s e  f o r  a tra d itio n a l N A T M  

a p p ro ac h , an d  f a c e  s ta b i l i ty  as  w e ll  as o v e ra ll  s ta b i l i ty  p ro b le m s  

w e re  f o re s e e n .

F o l lo w in g  th is  f e a s ib i l ity  stu d y , th e  c l ie n t d e c id e d  to  le t th e  

c o n tra c t o u t o n  a tu m - k e y  b a s is , b u t th e  c o n tra c to r 's  h ad  to  

s p e c if y  th e ir  c h o ic e  o f  tu n n e llin g  m e th o d . T h a t w as a ls o  th e  e n d  

o f  N G I's  e n g a g e m e n t f o r  th e  c l ie n t. T h e  lo w e s t b id  c a m e  f ro m  a

2 4 1 4
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Figure 3 Ground improvement and collapse along the Eidsvoll tunnel

g ro u p  w h ic h  b a s e d  i ts e l f  o n  u s e  o f  th e  N A T M  c o n c e p t, w h ic h  

w a s  a c c e p te d  b y  th e  c l ie n t.

T h e  c h o s e n  c o n c e p t im p lie d  d iv id in g  th e  tu n n e l e x c a v a tio n  

in to  a to p  an d  b o tto m  h e a d in g , b u t th e  to p  h e a d in g  w a s  a lso  

d iv id e d  in  tw o  ( F ig . 2 ) .  T h e  tu n n e l w a s  to  b e  te m p o ra ry  

su p p o rte d  b y  a  3 0  c m  th ic k  m e s h - re in fo rc e d  sp ray e d  c o n c re te  

lin in g  w ith  s te e l  a rc h e s . E x c a v a tio n  an d  te m p o ra ry  l in in g  w as 

c a rr ie d  o u t in  s e q u e n c e s  o f  8 0  c m  at a tim e .

V e ry  sh o rtly  a f te r  th e y  s tarte d  d riv in g  th e  p i lo t an d  to p  

h e a d in g , c o l la p s e s  o c c u rre d  in  th e  u n su p p o rte d  c ro w n  a re a  b y  

in tru s io n  o f  w a te r -b e a r in g  s ilt. T h e  c o l la p s e s  e v e n tu a lly  

e x te n d e d  rig h t to  th e  g ro u n d  su rf a c e . V a r io u s  s ta b il iz in g  

s c h e m e s  w e re  trie d  an d  im p le m e n te d  d u rin g  th e  su b s e q u e n t 

d riv in g  o f  th e  to p  h e a d in g  ( F ig . 3 ) . F irs t g ro u n d  f re e z in g  an  

u m b re lla  f ro m  th e  s u r f a c e , th e n  s ta b il iz a tio n  b y  th e  d e e p  c e m e n t 

m ix in g  m e th o d , a ls o  f ro m  g ro u n d  s u r f a c e , an d  f in a l ly  b y  

in s ta ll in g  v a c u u m  p u m p in g  w e lls  e v e ry  8  m  a lo n g  e a c h  s id e  o f  

th e  tu n n e l. T h e s e  w e l ls  w e re  p u t s u c c e s s iv e ly  in  o p e ra tio n  o v e r  a 

d is ta n c e  15 m  a h e a d  o f  th e  tu n n e l f a c e  an d  1 0  m  b e h in d , an d  

tu rn e d  o u t to  b e  q u ite  s u c c e s s f u l  in  re l ie v in g  th e  p o re  p re ssu re  in  

th e  s i l t la y e rs  an d  p re v e n tin g  c o lla p s e  b e f o re  th e  te m p o ra ry  

lin in g  w as in  p la c e .

T h e  re a l d is a s te r  o c c u rre d , h o w e v e r , ab o u t o n e  m o n th  a f te r  

th e  to p  h e a d in g  w a s  c o m p le te d  a lo n g  th e  e n tire  tu n n e l le n g th . 

F irs t, o n  18  A u g u st, 1 9 9 6 , th e  to p  h e a d in g  c o lla p s e d  o v e r  a 

le n g th  o f  8 0  m , th e n  tw o  d a y s  a n o th e r 5 0  m  c o lla p s e d  ( F ig . 3 ) .

T h e  c o l la p s e s  se e m e d  to  o c c u r  w ith o u t a n y  w a rn in g  f ro m  th e  

p e r fo rm a n c e  m o n ito r in g  sy s te m . T h is  sy s te m  c o n s is te d  p rim a rily  

o f  c o n v e rg e n c e  m e a su re m e n ts  in  th e  r o o f  an d  w a lls  o f  th e  

te m p o rary  l in in g  ( F ig . 2 ) ,  w h ic h  h a v e  b e e n  re p o rte d  to  sh o w  that 

d is p la c e m e n ts  h ad  s ta b il iz e d  c o m p le te ly  o n e  to  tw o  w e e k s  a f te r 

th e  tu n n e l h ad  a d v a n c e d  b e y o n d  a  g iv e n  p o in t ( F ig . 3 ) . T h e re  

w e re  a ls o  o th e r  m e a su re m e n ts  ta k e n , l ik e  s u r f a c e  s e ttle m e n t and  

p o re  p re ssu re s , b u t th e  e x te n t an d  re s u lts  h a v e  n o t b e e n  re p o rte d  

so  far.

T h e  c l ie n t, c o n tra c to r  an d  in s u ra n c e  c o m p a n ie s  h av e  o f  

c o u rs e  in itia te d  s o m e  stu d ie s  as to  th e  c a u s e s  o f  th e  c o lla p s e . N o  

o f f ic ia l  e x p la n a tio n s  h av e  b e e n  g iv e n  so  f a r, b u t th e  c o n tra c to rs  

c o n su lta n t re p o rte d  at an  o p e n  m e e tin g  th a t th e y  b e lie v e d  that 

th e  fa ilu re  p r im a rily  w as a re su lt o f  th e  in v e rt o f  th e  tu n n e l b e in g  

f la tte r  th an  in te n d e d , an d  th e  c u rv a tu re  in  th e  tra n s itio n  b e tw e e n  

in v e rt an d  w a lls  to  sh arp . T h is  c o n c lu s io n  w a s  b a s e d  o n  e x te n ­

s iv e  p a ra m e tric  f in ite  e le m e n t a n a ly se s  c a rr ie d  o u t a f te r  th e  

c o l la p s e  an d  w h ic h  re v e a le d  th at th e  b e n d in g  s tre s s e s  in  th e  m id  

sp an  o f  th e  in v e rt an d  th e  tra n s itio n  to  th e  w a lls  w e re  v e ry  

s e n s itiv e  to  th e  e x a c t g e o m e tr ic  sh a p e  in  th o se  a re a s . T h e  o b s e r ­

v a tio n s  a f te r  th e  fa ilu re  th at th e  to p  p art o f  th e  tu n n e l w a s  m o re  

o r le s s  in ta c t, te n d s  to  su p p o rt th e  c o n c lu s io n  th a t it w as th e 

b o tto m  in v e rt th at a c tu a lly  f a ile d  f irst.

W ith o u t s p e c u la tin g  f u rth e r a b o u t th e  p o s s ib le  c a u se s  o f  th é  

c o l la p s e , th is  c a s e  e m p h a s iz e s  th e  f o l lo w in g  a s p e c ts , a ls o  se e n  in  

l ig h t o f  th e  e a r lie r  c o m m e n ts  o n  u se  o f  p e r fo rm a n c e  m o n ito rin g :

• T h e  p o te n tia l f o r  a c o l la p s e  o f  th e  f o rm  th at a c tu a lly  

o c c u rre d  w as ap p a re n tly  n o t e n v is a g e d , as  e v id e n c e d  b y  la c k  

o f  m e a su re m e n ts  o f  d is p la c e m e n ts  and / o r o th e r  m e a s u re ­

m e n ts  in  th e  to p  h e ad in g  in v e rt are a . In  o th e r  w o rd s , th e  

d e s ig n  te am  h ad  n o t f o u n d  in  a d v a n c e  th at th is  c o u ld  b e  a 

c r i ti c a l  fa ilu re  m e c h a n is m .

• I f  th e  d e s ig n  w a s  v e ry  s e n s itiv e  to  th e  e x a c t sh ap e  o f  th e  

in v e rt, th a t a s p e c t sh o u ld  h a v e  b e e n  g iv e n  sp e c ia l  a tte n tio n  

d u rin g  d e s ig n , and  n o t le a s t, d u rin g  c o n stru c tio n .

• T h e  c o lla p s e  s e e m s  to  h a v e  b e e n  o f  th e  v e ry  f a s t an d  " b r ittle "  

k in d , w h ic h  in  g e n e ra l sh o u ld  re q u ire  re la tiv e ly  la rg e  s a f e ty  

m a rg in s , e s p e c ia l ly  o n  c r i tic a l  e le m e n ts , l ik e  in  th is  c a s e - ,  th e  

te m p o ra ry  lin in g . A s  a s id e  re m a rk , th e  te m p o ra ry  lin in g  

n e e d e d  to  stan d  u p  f o r  m a n y  m o n th s , an d  th u s m a y  b e  

c o n s id e re d  p e rm a n e n t in  re la tio n  to  s a f e ty  a sp e c ts .

W h e n  o r i f  a ll  d ata  b e c o m e s  p u b l ic a lly  a v a ila b le , th e re  m a y  a ls o  

b e  q u ite  a  f e w  o th e r  le s s o n s  to  le a m  f ro m  th is  c o lla p s e . It w as 

in d e e d  g o o d  f o rtu n e  th at th e  c o l la p s e  o c c u rre d  o n  a Su n d ay , w ith  

n o b o d y  in  th e  tu n n e l.
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