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SYNOPSIS: C o n s tru c tio n  o f  a  p a ir  o f b u s  tu n n e ls  b e n e a th  a  m a in  s tree t In d o w n to w n  S eattle , W a s h in g to n  p ro v id e d  a n  o p p o r tu n ity  to 

ob serve  in situ  ch aracteristics of tiebacks th a t h ad  been  in sta lled  u p  to 9 years  p re v io u sly  fo r th e  co n s tru c tio n  o f h ig h -rise  b u ild in g s  a lo n g  th e  

stree t. T he geo m etry  o f tiebacks th a t in te rsec ted  th e  tu n n e l's  a lig n m en t w as o b se rv ed  a n d  is co m p ared  h e re  w ith  b o th  the  d e s ig n  a n d  as-bu ilt 

geom etries. A  sim p le  sta tis tica l an a ly s is  is u se d  to p ro v id e  an  in d ica tio n  o f th e  a m o u n t o f  "w an d erin g " o f th e  au g e rs  u se d  to  co n stru c t the 

tiebacks. T he w a n d e r in g  w as o b se rv ed  to b e  sign ifican t in bo th  th e  h o rizo n ta l a n d  vertica l d irec tio n s. Im p lica tio n s of a u g e r  w an d e rin g  on  

tieback capac ity  a n d  avo idance  o f b u ried  o b structions a re  d iscussed .

INTRODUCTION

T h e  u se  o f g ro u n d  a n c h o rs  has p ro v e n  to be  a n  effective 

a n d  e c o n o m ic a l m e a n s  fo r s u p p o r t  o f te m p o ra ry  e x c a v a tio n  

b rac in g  a n d  a re  in c re a s in g ly  b e in g  u se d  in  p e rm a n e n t s u p p o r t  

ap p lica tio n s. T iebacks, w h ich  invo lve  co n s tru c tio n  o f an ch o rs  th a t 

a re  stre ssed  b y  the  ap p lica tio n  o f tensile  lo ad s to a tie ro d  a t the  face 

o f a w a ll, h a v e  b e e n  u s e d  su c cess fu lly  fo r m an y  y ea rs . M ore  

recen tly , th e  u s e  o f so il na ils , w h ic h  co n s is t o f c lose ly  sp a ced , 

sm a lle r  d ia m e te r  in c lu sio n s th a t a re  n o t s tre ssed  a t  th e  face o f the 

w all, has increased . B oth m e th o d s invo lve  co n s tru c tio n  o f g ro u ted  

inc lu sio n s in  ho les a u g e re d  in  the  so il th a t is to be  re ta in ed . T hese 

in c lu sio n s a re  o ften  in sta lled  a t so m e  re la tiv e ly  re g u la r  p a tte rn  an d  

in c lin a tio n , a n d  th e ir  d e s ig n  a ssu m es th a t th ey  re ta in  th e  sa m e 

sp a c in g  a n d  in c lin a tio n  o v e r  th e ir  e n tire  le n g th . T h is  p a p e r  

p re sen ts  th e  re su lts  o f field  o b se rv a tio n s  of the  in situ  g eo m etry  o f 

p re v io u s ly  in s ta lle d  tieb ack s w h ich  w ere  e n c o u n te re d  b e lo w  the  

g ro u n d  su rface  d u r in g  co n s tru c tio n  o f th e  M ETRO b u s  tu n n e ls  in 

S eattle , W ash in g to n .

Fig. 1. S ite p lan show ing location o f  3rd Avenue, bus tunnels and 
F irs t Interstate Center.

BACKGROUND

D u rin g  1987-88, Seattle METRO co n s tru c ted  tw o p ara lle l b u s 

tu n n e ls  as p a r t  of a d o w n to w n  tran sit project. T he m ain  p o rtio n  of 

the  6 .1 m  ( 20  ft) d ia m e te r  tu n n e ls  ru n s  in a n o r th -so u th  d irec tio n  

below  3 rd  A v en u e  as sh o w n  in  the s ite  p lan  in F igu re  1. T he 1982 

co n s tru c tio n  of th e  F irst In te rs ta te  C en te r, a 44-story  s tru c tu re  w ith  

six levels o f u n d e rg ro u n d  p ark in g  located  im m ed ia te ly  w est o f 3 rd  

A v en u e  b e tw een  M ad iso n  a n d  M arion  stree ts , req u ired  te m p o ra ry  

su p p o rt o f a 25.3 m (83-ft) d e e p  excavation  a lo n g  3 rd  A venue. This 

excavation  w as su p p o rte d  by  a so ld ie r p ile  w all w ith  tiebacks w hich  

ra n g e d  fro m  a p p ro x im a te ly  15.3 m to 24.4 m  (50 to 80 feet) in 

leng th . B etw een  M ad iso n  a n d  M arion  stree ts , the  M ETRO  tu n n e l 

in v e rts  a re  a t a d e p th  o f a p p ro x im a te ly  20.7 m  (6 8  ft), w ith  the  

cen te rlin es o f the  eas t a n d  w est tu n n e ls  located  ab o u t 18.3 a n d  6.1 

m  (60 an d  20 feet), respec tive ly , from  the ed g e  of the  F irst In te rs ta te  

C e n te r  excava tion . T here fo re , the  a lig n m en t o f th e  b o th  th e  east 

a n d  w est tu n n e ls  in te rsec ted  the  F irst In te rs ta te  C e n te r  tiebacks as 

sh o w n  in F igu re  2.

SOIL CONDITIONS AND TIEBACKS

M uch of d o w n to w n  S eattle, in c lu d in g  the genera l s ite  area , 

is u n d e r la in  b y  g lac ia lly  o v e rc o n s o lid a te d  so ils . S u b su rface  

in v e s tig a tio n s  fo r th e  F irs t In te rs ta te  C e n te r  a n d  for th e  tu n n e l 

in d ica ted  th a t th e  so ils a t the  s ite  co n sisted  o f a g lac io -lacustrine  

d e p o s it  o f in te rb e d d e d , very  s tif f  to h a rd  clays a n d  s ilts  w ith  

in te rb e d d e d  fine sa n d , a n d  a  h ig h ly  v a riab le  g lac io -m arin e  d rift 

co n ta in in g  clay, silt, sa n d , a n d  gravel. C obbles a n d  b o u ld e rs  have  

been  o b se rv e d  in  these  m ate ria ls  in  p re v io u s  co n s tru c tio n  in  the  

area , b u t w ere  n o t specifically  n o ted  to to h av e  cau sed  sign ifican t 

p ro b le m s d u r in g  tieback  in sta lla tio n . A so il p ro file  a t the  F irst 

In te rs ta te  C e n te r  site  is sh o w n  in F igure  3.

T h e  F irs t I n te rs ta te  C e n te r  tie b a c k s  w e re  in s ta l le d  a t  

ap p ro x im ate ly  1.5 m  (5 ft) in te rv a ls  h o rizo n ta lly  a n d  1.5 to 3.1 m  (5- 

to 10-ft) in te rv a ls  vertically . T he b o u n d a ry  of the  n o -load  zo n e  w as 

g iven  by a  60 d eg ree  env e lo p e  p assin g  th ro u g h  a po in t located  one- 

fo u rth  o f th e  w all h e ig h t b e h in d  th e  base  o f the  w all. A n ch o r
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l in g th s  b ey o n d  th e  no -load  zo n e  w ere  genera lly  b e tw een  ab o u t 5.8 

a n d  9.2 m  (19 an d  30 ft), p ro d u c in g  tiebacks of to tal len g th  u p  to 

ab o u t 24.4 m  (80 ft). O f th e  166 tiebacks p ro jec ted  to in tersec t the  

e a s t tu n n e l on  th e  bas is  o f a s -b u ilt in c lin a tio n , 118 w e re  to be

3rd  A venue

in s ta lle d  a lo n g  th e  en tire  3 rd  A v en u e  w all) w e re  a b a n d o n e d  a n d  

rep laced  w ith  n ew  tiebacks in sta lled  nearby.

F ig . 2 . T yp ica l p ro file  showing intersection o f tiebacks w ith  bus 

tunnels at F irs t Interstate Center.

inc lined  a t  15 d eg rees , 28 w ere  to be  inc lined  a t  20 deg rees , a n d  20 

w ere  to be  inc lined  a t  25 d eg rees from  h orizon ta l. A h is to g ram  of 

d e s ig n  tieback  in c lin a tio n s  is sh o w n  in F ig u re  4. T ieback  ho les 

w ere  d r ille d  w ith  a c ra n e -su p p o rte d , 45.7 cm  d iam eter, c o n tin u o u s  

fligh t, h o llo w  stem  a u g e r  a t th e  des ign  inc lina tions of 15, 20 , a n d  25

F ig . 3 . Soil profile along tunnel alignm ent adjacent to First Interstate 

C enter.

d eg rees. T he an ch o rs w ere  co n s tru c ted  b y  p lac in g  20.4 M Pa (3,000 

psi) g ro u t a ro u n d  2.54 cm  ( 1 in) a n d  3.49 cm  (1 -3 /8  in) D yw idag  bars 

c e n te re d  in  th e  a u g e r  ho les. T ieback  in s ta lla tio n  w a s  m o n ito re d  

d u r in g  c o n s tru c tio n  b y  the  p ro jec t g eo tech n ica l en g in eer. E ach 

tieback  w as  p ro o f tes ted  an d  th o se  failing  (10 o u t o f m o re  th an  320
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F ig . 4 . H istogram  o f  design tieback inclinations.

TIEBACK OBSERVATIONS

D e ta ile d  e x a m in a t io n  o f  th e  t ie b a c k s  c o u ld  n o t  b e  

a c c o m p lis h e d  w ith o u t  im p e d in g  th e  tu n n e l l in g  c o n tr a c to r 's  

p ro g ress . A ccess to th e  w o rk in g  face o f th e  tu n n e l w as  o b ta in e d  

d u r in g  occasional p a u se s  in th e  w o rk  cycle b u t, in  genera l, tieback  

o b s e rv a tio n s  w e re  m a d e  f ro m  th e  w o rk in g  p la tfo rm  o f th e  

tu n n e llin g  m ach ine , ap p ro x im a te ly  6 .1 m  ( 20  ft) from  the  face.

T he m o st a ccu ra te  o b se rv a tio n s  th a t co u ld  b e  m a d e  u n d e r  

these  c ircu m stan ces w ere  tho se  o f tieback  geom etry , p a rticu la rly  of 

the  in c lina tions o f the  tiebacks as they  w ere  en co u n te red  a t th e  face 

o f th e  tu n n e l. T h ese  o b se rv a tio n s  w e re  m a d e  b y  sk e tc h in g  the  

o b se rv ed  tieback  o rien ta tio n  w ith in  a  3.1 cm  (2 in) d ia m e te r  circle 

(rep resen tin g  th e  face o f the  tu n n e l) on  a  d a ta  shee t a n d  b y  tak ing  

p h o to g ra p h s . O b se rv e d  tieb ack  in c lin a tio n s  w e re  s u b s e q u e n tly  

m e a su re d  fro m  these reco rd s. C o m p ariso n  of tieback  in c lin a tio n s 

o b ta in e d  fro m  th e  d a ta  sh e e t sk e tch es a n d  p h o to g ra p h s  in d ic a te d  

v e ry  g o o d  a g re e m e n t, a n d  th e  re c o rd e d  in c lin a tio n  d a ta  a re  

c o n s id e re d  to  b e  w ith in  a  few  d e g re e s  o f  th e  a c tu a l  t ieb ack  

in c lin a tio n s .

TIEBACK INCLINATIONS

D u rin g  tieback  in s ta lla tio n , th e  ac tu a l, a s -b u ilt in c lin a tio n s 

o f a ll tiebacks w ere  m easu red  w ith  a  B run ton  com pass a t th e  face of 

th e  w all. T h ese  in c lin a tio n s  w e re  o b se rv e d  to v a ry  so m e w h a t 

f ro m  th e  d e s ig n  in c lin a tio n  v a lu es . W h ile  th e  m a jo rity  o f  th e  

tiebacks w ere  in s ta lled  a t th e ir  d es ig n  inc lina tions, th e re  w as som e 

v a riab ility  in  tieback  in c lina tion . O f tho se  tiebacks no t in sta lled  a t 

th e ir  d e s ig n  in c lin a tio n , m o re  w e re  in s ta lle d  s te ep e r, ra th e r  th a n  

f la tte r , th a n  th e ir  d e s ig n  in c lin a tio n s . T h e  d e s ig n  in c lin a tio n s  

w e re  g e n e ra l ly  c h a n g e d  to  a v o id  u t i l i t ie s  o r  o th e r  b u r ie d  

o b stru c tio n s , o r to ex ten d  th e  tieback  in to  a  s tro n g e r  so il u n it. A 

h is to g ra m  of th e  a s -b u ilt in c lin a tio n s o f  th e  166 tiebacks p ro jec ted  

to in te rsec t the  eas t tu n n e l is sh o w n  in  F ig u re  5. T h e  th re e  p eak s 

o f  th is  h is to g ra m  c o r re s p o n d  to  th e  th re e  d is c re te  d e s ig n
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inclinations o f  1 5 ,20 , and 25 degrees. tan (fl) = tan(a) + bx (1)

If the tiebacks had been Installed by drilling perfectly straight 

holes, the distribution of observed tieback inclinations w ou ld  have  

been  identical to the distribution o f as-built inclinations. Based on  

m any years o f  v isu a l observations, h ow ever, m ost drillers and  

field  inspectors b elieve  that augers have a tendency to "belly" or 

flatten in  very d en se  so ils , and  in any so il w ill tend to w ander  

upw ard  and to the left because o f auger rotation. The observed  

locations and inclinations o f  the tiebacks encountered  in the east 

tunnel w ere so  h ighly variable, h ow ever, that it w as im possib le to 

identify  them  on an in d iv id u al basis. In fact, on ly  123 of the 166
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F ig . 5 . H istogram  o f as-bu ilt tieback inclinations.

tiebacks projected to intersect the east tunnel on the basis o f the as- 

bullt in clin ation s w ere actually  encountered  in  the east tunnel. 

C on seq u en tly , the ob served  tieback in clin ation s cou ld  not be  

partitioned and  w ere lum ped  together, regardless o f design  or as- 

b u ilt inclination . The observed  tieback inclinations in  the east 

tunnel are a lso  sh o w n  in  Figure 6. Som e tiebacks actually  had  

n egative s lo p es (tieback e levation s increasing w ith  d istance from  

the w all) and  others p lunged  steep ly  at inclinations greater than 35 

d egrees. The ob served  inclinations are ob v io u sly  considerably  

d ifferen t than b oth  the d e s ig n  in clin a tion s and  the as-bu ilt 

Inclinations, in d ica tin g  the inab ility  o f the tieback installation  

equipm ent to drill a straight h ole in the so ils at the First Interstate 

Center site.

INTERPRETATION

In terpretation  o f  the resu lts o f  the tieback  in clin a tion  

observations Is difficult. Certainly, the data indicates considerable  

deviation  from  straightness. Som e of the scatter in  the observed  

tieback inclinations resu lted  from differences betw een  d esig n  and  

as-built in clin ation s an d  so m e resu lted  from  w an d erin g  o f  the 

auger d u rin g  d rilling . In an  attem pt to separate the as-built 

d ev ia tion  from  the w an d erin g  d ev iation , a sim p le  M onte Carlo 

sim ulation  m odel w a s d evelop ed . In this m odel, the shape o f  the 

tieback w as assum ed to be quadratic, hence, the slope o f the tieback  

w as assum ed  to vary linearly over its length according to

w here 0 is the inclination of the tieback at a horizontal distance, x, 

from the face of the w all, a  represents the inclination of the tieback 

at the face o f the w all, and b reflects the rate of vertical w andering

Angle of Inclination (Degrees)

F ig . 6 . H istogram  o f  observed tieback inclinations.

d eviation  w ith  horizontal distance from  the w all. The variation in 

the values o f  a w ere considered to be represented by the histogram  

of as-built in clin ation s, and the variations in  observed  tieback  

inclination, 0(x =18.3 m) w ere considered to be represented by the 

histogram  o f ob served  tieback inclinations. A  sim u lation  w as  

perform ed to estim ate a sim p le  d istribution  for b w h ich , w hen  

com bined w ith  the know n variation o f  as-built tieback inclination, 

w o u ld  predict the variation o f  tieback inclination observed  in  the 

ea st tun n el. T he s im p le st  p o ss ib le  d istr ib u tio n  cap ab le o f  

reasonably predicting the observed variation of tieback inclination  

w as sought. The u se  o f a uniform  distribution for b ranging from  

bmin = -0.00732 to fcmax = 0.05410 (w hen x is in m) w as found  to 

p red ict rea so n a b ly  w e ll the v aria tion  o f  o b serv ed  tieback  

inclination. This distribution indicates that the tiebacks w ere m ore 

lik ely  to w ander u p  than d o w n , w h ich  is con sisten t w ith  the 

experience o f  m ost tieback contractors. It d o es not explain  the 

extrem e values o f observed inclination, how ever, it d oes provide a 

rough indication o f  the tendency o f  tiebacks to w ander vertically at 

the First Interstate Center site. On the basis o f  this distribution, 

tiebacks installed  at d esign  inclinations of 15, 20, and 25 d egrees  

w o u ld  be expected  to lie w ith  quadratic shape w ithin  the shaded  

zon es o f Figure 7. The variation of inclination can be seen  to be 

sm aller close to the w all as w as subsequently observed qualitatively  

in the w est tunnel.

SUMMARY

The results o f field  observations o f the in-situ geom etry of  

p rev iou sly  in sta lled  tiebacks indicated  that the as-bu ilt tieback  

geom etry differed  som ew h at from  the d esign  geom etry, and that 

the insitu  geom etry w as considerably different than both the design  

g e o m e tr y  or th e  g eo m etry  that w o u ld  b e  in ferred  from  

m easurem ents o f  as-built inclinations at the face o f the w all. A
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F ig . 7 . A n tic ip a te d  va ria tion  o f  tieback pos ition  due to  w andering o f 

auger during insta lla tion (elevation scale is  identical to distance 

scale).

simple statistical simulation was used to separate the variation in 
tieback inclination due to wandering of the auger during 
installation from the variation of as-built tieback inclination. 
Considerable evidence of horizontal wandering was also observed 
qualitatively but its magnitude could not be estimated.

Designers of tiebacks often assume that the Insitu 
configurations of tiebacks are as designed. Field evidence, 
however, suggests that the configuration of the tiebacks may differ 
considerably from the design configuration. Non-uniform spacing 
of tieback anchor zones may lead to undesirable interaction effects 
between closely spaced anchors. The soil between closely spaced 
anchors will be stressed by both anchors, and the resulting strains 
will be greater than if the anchors were spaced farther apart. These 
larger strains will produce larger displacements in the vicinity of 
the anchors and, ultimately, at the face of the wall. Also, when 
buried structures, foundations, utilities or other potential obstacles 
are present, careful consideration of the potential variability of 
tieback configuration may be very important to avoid damage 
during installation.

These results and conclusions should also be of interest to 
designers and builders of soil-nailed excavation support systems. 
Soil-nail anchors are generally of smaller diameter than tieback 
anchors and consequently require smaller diameter augers. Since 
the flexural stiffness of augers increases quickly with auger 
diameter, the augers used for soil-nails may be more flexible than 
those used for tieback construction, even at similar 
length/diameter ratios. Coupled with the closer spacing of soil 
nails, the potential for undesirable interaction between adjacent 
nails may be pronounced.
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