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LONG TERM LOAD TRANSFER IN DRILLED SHAFTS 

LE TRANSFERT DE CHARGE ‘A LONG TERME DANS DES PIEUX FORE’S

E.E. Drumright C.N. Baker, Jr.

STS Consultants, Ltd. 
Northbrook, Illinois, U.S.A.

SY N O PSIS: R esults a re  p resen ted  from  five pro jects w here in strum en ted  d rilled  shafts w ere  constructed . T h e  structu res vary in height 

from  4 to 6 6  sto ries. T h e  shaft types inc lude  stra ig h t shafts from  1.6 to 3 .3  m eters in d iam eter and a  1.1 m eter d iam eter shaft w ith 1.9 

m eter d iam eter bell. T h e  shafts te rm in a te  in a  variety  o f  soil and  rock fo rm ations. E lectron ic  instrum en ts p laced  at vary ing  levels in each 

shaft at the tim e o f co nstruction  have been  reco rded  from  3 to 9 years follow ing construction . A m ong the  five cases, from  0  to  as m uch as 

36%  o f the load  at the  cu to ff has reached  the  gages n ear the tip  o f  the shafts, w hich  rep resen ts 0%  to 49%  o f the  design  end  bearing  stress. 

O th er m inor and  un ique trends in the  d a ta  are  discussed  for each case.
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INTRODUCTION

T o  assist w ith th e  evaluation  o f  load  tran sfe r, one  p roduction  

shaft from  each o f  five d ifferen t p ro jec ts w as in stru m en ted  du ring  

con stru c tio n . T h e  in stru m en ta tio n  p ro g ram s w ere  e ith e r  

sponso red  so le ly  by  th e  geotechnica! en g in eer o r  jo in tly  w ith the 

pro ject ow ner. As such, th e  in stru m en ta tio n  insta lled  w as the 

m in im um  necessary  to  p rov ide som e load  tran sfe r in fo rm ation , 

ra th er than  a  m o re  e lab o ra te  p ro g ram  w hich  w ould  be  d es ired  for 

a  th o ro u g h  research  study .

In each case , th e  in strum en ts used w ere  C arlson  R einforced 

C o n c re te  (RC) gages o r  m in ia tu re  stra in  gages (A gages). T h e  

gages w ere  insta lled  in pairs fo r red undancy , n ea r th e  to p  o f  the  

shaft (cutoff) and  at vary ing  d ep th s a long  the  shaft, m ost no tab ly  

n ea r  (he tip . T h e  cab les from  the gages w ere  p ro tec ted  du ring  

co nstruction  and  rou ted  to  an accessib le  p lace , usually  in the  

low est basem en t level o f  the  co m p le ted  stru c tu re .

Method of Data Reduction

U sing su p e rp o s itio n , th e  axial load , P . at any  dep th  is equal to 

th e  co n trib u tio n  from  th e  steel and  con cre te , as ind ica ted  in 

equation  I .

P =  ffjjAg +  OqA q  (1)

w here  a s . a c =  stresses in steel and  con cre te .

A s . Ac =  cross sectional areas o f  steel and  concre te .

S ub stitu tin g  H o o k e’s law  for th e  stress o , and  assum ing  that the 

vertical s tra in s in th e  steel and  co n cre te  a re  eq u a l, th e  fo llow ing  

eq u a tio n  fo r shaft stiffness results;

P /e  =  E SAS +  ECA C (2)

w here  Es . Ec =  Y o u n g ’s M oduli fo r steel and  concrete ,

A s , Ac a re  as defined  previously .

By reco rd in g  stra ins at various levels du ring  construction , and 

m u ltip ly ing  by the  respec tive  stiffness com p u ted  in equation  (2 ). 

the  axial load  a t any d ep th  and  at any tim e is com pu ted .

Limitations of Measurements

S tra in  gages em b ed d ed  in d rilled  shafts necessarily  respond  to 

strain  from  all sources; nam ely  from  ap p lied  loads, tem p era tu re  

changes, sh rinkage and c reep . E quations ( I )  and  (2) app ly  fo r 

axial loads and  thus do  no t account fo r any strains d u e  to  bend ing . 

In the  case  o f  b en d in g , p lacem en t o f  th ree  gages at 120 degrees 

ap art at any level w ill cancel the  bend ing  effects w hen the  strain  

read ings a re  averaged . S ince tw o gages p laced  180° ap art w ere 

averaged  on the  p ro jec ts rep o rted  here , bend ing  in fluence  has only 

been  reduced  ra th e r  than  e lim inated .

C reep  is defined  as strain  und er co nd itions o f  constan t stress; thus, 

se p ara tio n  o f  th e  ap p lied  load com ponen t from  the creep  

com p o n en t d u rin g  co nstruction  requ ires de ta iled  know ledge o f  the 

load  being  tran sfe rred  in to  the  p a rticu la r shaft at the  tim e o f  gage 

read ing . T h is w as no t possib le  fo r the  case stud ies included here , 

a lth o u g h  th e  d a ta  to be show n subsequently  ind ica te  small 

increases in stra in  after final fitting  out o f  the  s truc tu res w hich is 

rough ly  akin to a  constan t stress s itua tion .

C reep  is d ep en d en t on co n cre te  ag e  at the  tim e o f load ing . In 

m any  cases, I to 2  years m ay pass betw een  shaft construction  and 

th e  b u ild u p  o f  ap p rec iab le  load  th ro u g h o u t the  shaft leng th . D ata 

by R ussell an d  C orley  (1977) ind ica te  relatively  sm all stra in s in 

labo ra to ry  creep  tests o f  co n cre te  aged  360 to 720 days before 

load ing .

In all but o n e  case , the  shafts w ere  co nstructed  and several m onths 

passed  d u rin g  w hich tim e the  b asem en t w as excavated  and  g rade  

beam s w ere  co n stru c ted . D uring  that tim e , the  therm ocoup les in 

the  gages reg iste red  a rap id  rise in tem p era tu re  o f  the  concre te  in 

the  first w eek , fo llow ed by a  gradual re tu rn  to am bien t ground
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tem p era tu res (13 lo 16 d eg rees celsuis) before  the  shafts w ere 

uncovered  and  the stru c tu re  b egun . F or the  data  redu c tio n , the 

initial stra in  read ing  w as taken at that tim e and thus canceled  the 

effect o f  tem p era tu re  rise w ith h ydra tion .

S tra in s due  to sh rinkage in th e  m ass concre te  w ere  no t accoun ted  

fo r in this study .

RESULTS

Soil p ro files and load versus tim e curves are  p resen ted  in the 

fo llow ing section  for each o f  the five p ro jec ts. In the  soil profiles, 

the  in stru m en ta tio n  levels a re  show n w ith a  cross ( +  ) sym bol. 

E levations a re  refe renced  to U SG S datum  o r local c ity  da tum  

acco rd ing  to  the  p a rticu la r p ro ject.

S ince  th e  caisson is u n d er th e  rig id  co re  o f  the  s tru c tu re , it is 

possib le  that sm all varia tions in co n cre te  m odulus an d  rock seam s 

from  caisson to  caisson cou ld  resu lt in local ha rd  spo ts that a ttrac t 

load . E valuation  o f  this possib ility  w ould  have req u ired  

in stru m en ta tio n  o f  several core caissons. It is possib le  a lso  th a t 

part o f  the  increase  rep resen ts  slight long  term  creep .

A ssum ing th e  to tal design  load  is ca rried  in th e  rock socket, the  

e x trap o la ted  b earin g  p ressu re  at the  base o f  the  socket w ould  be  

only  4 .0  M Pa. o r 21%  o f  the  design  bearing  p ressu re . T h is is not 

an overly conservative assum ption  in th is case. A lthough 

significant hard  clay an d  dense  silt stra ta  exist from  19 m eters to 

(he to p  o f  rock , the  shaft w as constructed  w ith a  p erm an en t casing  

th rough  these s tra ta  and  thus less load  w ould  be  shed in fric tion  

than  in an uncased  shaft. H ow ever, som e load is undoub ted ly  

resisted  at th e  shaft/socket tran sitio n , w h ere  th e  casing  is screw ed 

in to  the rock surface.

Prudential Plaza, Chicago, Illinois

As show n in F igure  1, a  3 .0  lo 3 .3  m ete r stra igh t shaft w as 

in stru m en ted  for strain  m easu rem en ts n ea r  the  cu to ff and  at the 

75%  d ep th  level in th e  rock socket. S ince the  gages a re  s lender 

and  ap p ro x im ate ly  0 . 8 m  lon g , th e  cen te r o f  th e  gage  can n o t be 

p laced  at the  very bo ttom  o f  th e  shaft. T he 2 .2  m e te r  long  socket 

te rm in a ted  in do lo m itic  lim estone  and w as designed  in en d -bearing  

at 19.2 M Pa.

Elevation, Soil Description & Properties

m Soft to Med., Gray Silty Clay (CL)
-----n  a) = 21 to 25%

+ T - - 1 0  Yd = 16.3 to 17.3 KN/m3 
Qu = 40 to 80 kPa 

Near Surf. G.W. Level Q-1.0 m

Stiff to V. Stiff, Gray Silty Clay (CL)

15 co =16 to 21%

id  = 16.8 to 18.7 KN/m3 

Qu = 100 to 360 kPa

Hard and Very Hard Silty 

and Sandy Clay (CL) 

co = 10 to 15% 

ya = 19.5 to 20.6 KN/m3 

Qu = 380 to 750 kPa 

Occ. SC and CL/CH Layers
25

Dense to Ext. Dense, Sandy 

and Clayey Silt (ML)

Occ. Cobble and Boulder Layers

Deep G.W Level at Elev. -18.6 m
30 ________________________

Dolomitic Limestone 

Qu = 42 to 62 mPA 

REC = 89% to 100%

RQD = 40 to 76%

F igure  1. Soil P ro file  a t P ruden tia l P laza.

T h e  load  versus tim e da ta  in F ig u re  2 show  the  ex pected  increase 

in load  th ro u g h o u t th e  co nstruction  phase (bu ild ing  to p o u t w ith 

p erim e te r  c lad d in g  a t ap p ro x im ate ly  30 m on ths). A dditional 

fitting  o u t o f  the  in te rio r  floors resu lted  in a  m odest load  increase  

th rough  4 0  m o n th s, and th e rea fte r  the  load  has rem ained  

essen tially  co n stan t a t bo th  th e  cu to ff an d  n ea r  th e  bo ttom  o f  the  

rock socket. T h is co rre sp o n d s to  an ap p lied  stress o f  8 .3  M Pa at 

the  low est gag e  cu rre n tly , o r 43%  o f  th e  design  bearing  p ressu re .

It is no ted  that th e  co m p u ted  stress from  the  to p  gages is 2 3 .5  

M Pa at p re sen t. T h is is 22%  above th e  design  bearing  p ressu re .

-16.8

-30.7

-32.3
-32.9

-9.0
-9.4

TIME, MONTHS

F ig u re  2. Load vs. T im e  a t P ruden tia l P laza.

SOHIO Corporate Headquarters, Cleveland, Ohio

F igure  3 show s th e  caisson in stru m en ta tio n  and  soil p ro file . A 2.1 

to  2 .4  m e te r  d iam e te r  s tra ig h t shaft w ith  2 .0  m e te r  d iam eter rock 

socket tip  w as in stru m en ted . In th e  o rig ina l des ign , th e  casing  

show n betw een  e levation  138.4 and  131.1 m eters w as n o t requ ired  

but w as add ed  d u rin g  co nstruction  d u e  to  som e d eep , caving  sands 

and  gravels. T hu s, tw o levels o f  th e  rock  socket in stru m en ta tio n  

w ere  cast w ith in  a  2 .1  m e te r  d iam e te r  steel casing . T h e  design  

b earin g  p ressu re  w as 2 .4  M P a, and th e  design  fric tion  w as 1.1 

M pa in the  co m p e ten t shale .

T h e  resu lts in F igure  4 ind ica te  app rox im ate ly  44  and  39 M N , 

respectively  n ea r  th e  to p  o f  th e  shaft (a cold  jo in t a t e levation  

182.9 m eters) and  in th e  w ea th ered  sha le  at e levation  132.9  

m eters. An in te rm ed ia te  set o f  in stru m en ta tio n  n ear th e  to p  o f  the  

d ense  till a t e levation  144.5 m eters m alfunctioned  approx im ate ly  

o n e  year a f te r  in sta lla tion , as d id  a  p a ir  o f  gages at elevation  131.1 

m eters.

T h e  rem ain in g  d a ta  ind ica tes nearly  all o f  th e  load  reached  the  

m id -d ep th  o f  th e  w ea th ered  sha le  lay er n ea r th e  bo ttom  o f  the  

p e rm an en tly  cased  p o rtion  o f  th e  shaft (w here th e  casing  had  been 

inserted  in a  6  inch oversized  ho le  d rilled  o p en  o r  u n d e r s lu rry ), 

and  w as shed  rap id ly  th e rea fte r  in th e  rem ain d er o f  the  rock  socket 

w ith in  th e  co m p eten t sha le . At bo th  128.6  m eters and  126.2 

m ete rs , th e  read ings w ere  negative  d u rin g  early  load ing . 

H ow ever, at elevation  128.6  m ete rs , app ro x im ate ly  ze ro  load  has
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been m easu red  from  the  end o f  co nstruction  to the  p resen t. At 

126.2 m ete rs , the  read ings rem ain  negative.

Elevation,
m

191.3

185.3 

182.9

162.3

144.5

138.4

^.3 m

2.4 m

2.3 m

t  +

2.1 rrj

132.9 + +
131.1 + +
128.6 + +

126.2 + +

125.6
W
2.0 m

—190

-180

_170

— 160

—150

-140

130

Soil Description & Properties 

Silty, Fine to Med. Sand (SP-SM) 

N=8 to 30 blows/30 cm

Sandy & Clayey Silt (ML) 

co = 20 to 26%

7d = 15.7 to 16.2 kN/m3 

N=7 to 25 blows/30 cm

Med. to V. Stiff 

Gray Silty Clay 

co =12 to 35%

■yd = 13.0 to 16.5 kN/m3 

Qu = 50 to 290 kPa 

Sandy Clay & Gravel Till 

N=73 to 250 blows/30 cm 

Weathered Shale with 

Occ. Granite Boulders 

REC = 29 to 92%

RQD = 0 to 35%

Gray & Black, Intact Shale 
Qu = 7.5 to 68 mPa 
REC = 63 to 100%
RQD = 67 to 91%

F ig u re  3. Soil P ro file  a t S O H IO  C o rp . H ead q u a rte rs .

F ig u re  4 . L oad vs. T im e a t S O H IO  C o rp . H ead q u arte rs .

In early  stages o f  load ing  b e fo re  ap p rec iab le  com pressive  load  

reaches the  sha ft, sligh tly  negative  read ings a re  com m on  and  are  

th o u g h t to  resu lt from  therm al expansion  in th e  m assive concre te  

d u rin g  h y d ra tio n . T yp ically  even th e  d eep est gages w ill even tually  

reg iste r  positive  read ings d u rin g  and  fo llow ing  con stru c tio n . In 

(his case , th e  con tin u ed  n egative  read ings from  th e  base o f  the  

rock socket m ay ind ica te  th a t neg lig ib le  load  has reached  th e  base 

to  overco m e th o se  stresses g en e ra ted  in th e  socket co n cre te  du ring  

hydra tio n . F o r tho se  gages still functio n in g , th e  long  term  data  

ind ica te  sligh tly  in creasing  loads, w ith little  varia tion  in load 

shed d in g . A pparen tly  th e  load  is carried  at th e  socket lip  and  in

socket fric tion  above th e  base. T he slight increase  in load  from  

the  50  m onth  read ing  to  th e  100 m onth  read ing  m ay be a m easu re  

o f  sm all co n cre te  creep  ra th e r  than  structu ra l load  increase .

Newport Office Tower, Jersey City, New Jersey

At th is s ite , a  s tra ig h t shaft co re  caisson 2 .0  to 2 .3  m eters in 

d ia m e te r  w as constru c ted  u n d er full b en to n ite  slu rry , and 

in stru m en ted  p rio r  to co n cre tin g  (F igu re  5). T h e  shaft w as 

designed  for end  bearing  in the  siliceous shale at 3 .8  M Pa, and fo r 

fric tion  in th e  soil and  rock m ateria ls below  th e  o rgan ic  silt at -5 

m eters. P rim ary  fric tional load  tran sfe r is in th e  decom posed  shale 

from  ap p ro x im ate ly  -17 to -24 m eters (2 7 .6  M Pa design), and in 

th e  redd ish-brow n siliceous sha le  below  -24 m eters (110 .3  M Pa 

design ). In stru m en ta tio n  w as installed  n ea r the  shaft cu toff, near 

th e  lo p  o f  th e  d ecom posed  sha le , and  n ear the  bo ttom  o f the  rock 

socket.

Elevation, Soil Description & Properties

Med. Dense Sand and Rubble Fill 
N = 11 to 28 blows/30 cm 

Near-Surface g.w. level at 
Elev. +2.1 m__________

Dark Gray Organic Silt (OL) 
co = 58% N = 1 blow/30 cm 

eQ = 1.5 Cc = 0.6

Reddish-Brown,

Medium Dense to Very Dense,

-10  Fine to Med. Sand (SM)

N = 16 to 80 blows/30 cm

-7.9 L,

-16.2

-24.1

-25.1

2.0 m

t  +

+ t

— -15

Reddish-Brown, Decomposed Shale 
N * (~ 300 blows/30 cm)

-20

Reddish-Brown Siliceous Shale 

L '25 REC. = 95% RQD = 39%
Qu = 64 mPa

F ig u re  5 . Soil P rofile  a t N ew p o rt T ow er.

T h e  load  versus tim e  d a ta  in F ig u re  6  ind ica te  app ro x im ate ly  23 .7  

M N  has reached  th e  to p  o f  th e  shaft, w hich  co rresp o n d s very 

closely  w ith th e  stru c tu ra l design  (w hich assum ed dead  load  equal 

lo 70%  o f  th e  to ta l lo ad , o r  app ro x im ate ly  2 3 .4  M N ). N ear the  

b ase o f  th e  socket, app ro x im ate ly  1 .9  M N  has been  reco rd ed , o r 

ap p ro x im ate ly  8 % o f  th e  load  en te rin g  th e  to p  o f  th e  shaft. T h e  

design  w as based  o n  a  tip  capac ity  equal to  50%  o f  th e  dead  load, 

o r  11.7 M N . T h is  ind ica tes app ro x im ate ly  92%  o f  th e  m easured  

load  has been  taken ou t in shaft fric tion , vs. 50%  in the  design . 

An ap p lied  p ressu re  o f  630  K Pa is com p u ted  from  th e  low est 

g ages , w hich  is 16% o f  th e  design  b earin g  p ressu re .

T h e  stra in  d a ta  fro m  th e  in te rm ed ia te  gages n ea r  th e  to p  o f  the  

d eco m p o sed  sha le  lay e r have been  e rra tic  since th e  m idd le  o f  the  

co nstruction  p e rio d , a lth o u g h  th e  d a ta  up  to  15 m onths ind icate  

little  shed d in g  o f  load  in  th e  u p p e r  16 m eters o f  th e  soil p rofile .

Chicago Place, Chicago, Illinois

C hicago  P lace is a  9  sto ry  p o rtion  o f  an a ttached  55 sto ry  tow er.
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TIME, MONTHS

F ig u re  6 . Load vs. T im e a t N ew p o rt T ow er.

S tra igh t shafts 1.6 m eters in d iam eter w ere  d esigned  fo r friction  

(120  KPa) and  end  b earin g  (1 ,9 2 0  KPa) to  avoid o b struction  w ith 

belled  caissons from  a p rev ious stru c tu re . T h e  shafts te rm in a te  in 

very  hard , silty  an d  sandy clay h ardpan  w hich  beg ins at an 

elevation  o f  ap p ro x im ate ly  -20 m eters. In s tru m en ta tio n  w as 

installed  n ea r  the  to p  o f  th e  shaft, and  n ea r  the  to p  and  the  bo ttom  

o f th e  hard p an  lay er (F ig u re  7).

Elevation, m Soil Description & Properties

Medium, Gray Silty Clay (CL) 
to = 22 to 24% Qu = 50 kPa 

id  = 14.1 to 16.3 KN/m3

Stiff, Gray Silty Clay (CL)

- ‘ 10 co =21 to 22%

Qu = 95 to 115 kPa 

id  = 17.3 to 17.6 KN/m3

Very Stiff, Gray Silty Clay (CL)

_-15
co = 16 to 18%

Qu = 290 to 380 kPa

yd = 17.8 to 18.5 KN/m3

_  -20---------------------------------------------

Very Hard, Silty and Sandy Clay (CL 

<o = 11 to 14% Qu = 720 kPa 

•yd = 19.5 to 20.0 KN/m3 

_  -25 N > 90 blows/30 cm

Near-surface g.w. level at +0.5 m

F igure 7. Soil P rofile  at C hicago Place.

T he load versus tim e d a ta  in F igure  8 show  consistency with 

respect to the  p ro p o rtio n  o f load w ith d ep th , a lthough  the 

individual curves a re  som ew hat variable . In particu la r, tw o sets o f 

in term ed ia te  read ings w ere  som ew hat low er than p revious sets o f 

readings at each level. It is not know n w hether this w as an 

iso lated  p rob lem  rela ted  to the  readou t box o r has som e o ther 

exp lanation .

T he m ost recent d a ta  ind icate  increasing  load  at the top  o f  the 

shaft and  relatively  constan t load near the  top  o f  the  h a rd p an . w ith 

a significant decrease  in load n ear the bo ttom  o f  the  shaft. A

-9:4 [ 7 7

J.6 m

-22.3 I  I  

-26.2 j. I

ch arac teristic  trend  in all th ree  instrum en t pa irs w as the  negalive 

stra in  read ings early  in construc tion , befo re  ap p rec iab le  load  was 

fram ed in to  the  shaft. T h e  m axim um  stress co m p u ted  from  the 

low est gage d a ta  is 330 K Pa, o r 17% o f  the design  bearing  

pressu re . T h e  load at the  top  o f the  shaft is 3 ,185  kN w hich is 

very close to  the  design  dead  load  (3 ,1 7 0  kN ). It is possib le  that 

the  behav io r o f  the  gages is som ehow  influenced by the  concurren t 

construc tion  o f  the  m uch m o re  heavily  loaded , ad jacen t 55 story 

low er. T h e  resu lting  d eep  seated  com pression  in  the hard p an  is in 

effect un load ing  the  low er gages.

TIME, MONTHS

F igu re  8 . L oad  vs. T im e at C hicago Place.

111 Pfingsten Road, Northbrook, Illinois

At this site , a  1.1 m ete r shaft w ith 1.9 m eter bell te rm in a tin g  in 

very hard , silty and  sandy clay hardpan  w as designed  for 

en d -bearing  at 960 K Pa. and  friction (above the bell) at 24 KPa. 

(F igu re  9). A lthough this shaft is an active foundation  in the 

ex isting  bu ild ing , it w as installed  as the  only d rilled  shaft in an 

o therw ise  fo o ting -supported  struc tu re . T he  general bearing  level 

for the sp read  foo tings w as near elevation  197 m eters. T h e  d rilled  

shaft w as instrum ented  at several levels, ex tend ing  from  n ear the 

shaft cu to ff to  ju st above the base o f the  bell.

T he  da ta  in F igure 10 ind icate  consistent shedding o f  load  w ith 

dep th . T he  average o f  a  stress cell and stra in  gage  at the top  o f 

the shaft ind ica te  app rox im ate ly  6.1 M N . w hile stress cells p laced  

at Ihe bo ttom  o f  the  shaft have recorded  stra ins co rre sp o n d in g  to  a 

load o f  app rox im ate ly  1.3 M N . o r 21%  o f  the  cu to ff load . T he 

com pu ted  load  at the  base o f  the  bell indicates an app lied  stress o f 

4 7 0  K Pa. w hich is 49%  o f the design bearing  p ressu re . (The 

re in forced  co n cre te  gages ju s t above the  base o f  the  shaft 

m alfunctioned  after approx im ate ly  one year. T h ere fo re , the  da ta  

for the  base o f  the  shaft w ere  taken from  tw o fla t-p la te  stress cells 

also m anufactu red  by C arlson In strum ents).

O ne in teresling  observation  from  this da ta  is thal the design  load 

for this shaft w as approx im ate ly  4 .5  M N . T he top-m ost set o f 

gages ind icates a load o f  6 . 1 M N , app rox im ate ly  60%  g rea te r than 

the design load. M echanically , this m ay be caused  by an unknow n 

shift in the  gages a t th is level, a lthough  both  gages a re  reg istering  

h igher lhan expected  stra in  read ings. A physical exp lanation  is 

thal the  d rilled  shaft is a ttrac ting  m ore  than its share  o f  load. T he 

bearing  stra ta  fo r the  d rilled  shaft is h a rd er and has a  h igher 

m odulus (ind icating  lesser po ten tia l se ttlem ent) than  the  hard , 

nea r-su iface  clay in w hich the footings are  supported .
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Figure 9. Soil Profile at 111 Pfingsten Road.

TIME, MONTHS

Figure 10. Load vs. Time at 111 Pfingsten Road.

SUGGESTIONS FOR FUTURE CAISSON 
INSTRUMENTATION PROJECTS

B ased on th e  resu lts o f  these stud ies and  o thers w ith  w hich  the 

au th o rs  have ex p erien ce , the fo llow ing  suggestions are  o ffered  for 

fu tu re  in stru m en ta tio n  re lated  to  d rilled  shafts:

I . P red ic tin g  the  actual shaft fric tion  con tinues to be a 

s ign ifican t challenge in drilled  shaft design . O n critical 

p ro jec ts w here  the  design  involves m ajo r load  carried  in shaft 

fric tion , and  p articu larly  w here  co nstruction  is u n d er slu rry , 

the  au th o rs  recom m end  in stru m en ta tio n  o f  a  p rodu c tio n  shaft, 

as well as co m pletion  o f  an in stru m en ted  load  test at the  

o u tse t o f  con stru c tio n . In th e  la tte r  case , the  resu lts will 

a llow  th e  shaft design  to be  econom ized  befo re  co nstruction  

p roceeds an d  thus w ill p rov ide th e  m ost cost-effective 

fo undation  fo r th e  p articu la r site.

2. S om e advan tage  in strain  reso lu tion  can be  realized  by using 

v ib ra ting  w ire , sis ter b ar strain  gages, instead  o f  the  C arlson 

resistance  ratio  type sister b a r  gages. T his can be  particularly  

useful in the low er load  range o f  a d rilled  shaft load test o r 

fo r sm a ller capac ity  shafts w here  the  stress levels a re  low. 

H ow ever, w here  p roduction  drilled  shafts a re  com pleted  by 

d ro p -ch u tin g  co n cre te , som e o f  th is concre te  will sp lash  and 

im pact the  gages a ttached  to the  reb a r cage. T h e  C arlson 

gag e  has an advan tage  in this case since it is very robust. 

T h e  au tho rs have used  bo th  types o f  gages in these conditions 

w ith co m p arab le  success.

3. W here  possib le , and p articu larly  if the re  are  lim ited  funds for 

in stru m en ta tio n  red undancy , avoid p lacing  strain  gages too 

close to  ab rup t changes in shaft g eom etry  since the  strain  data  

there  can  be d ifficult to  in te rp re t. T his m ay be  in conflict 

w ith  the  m ost des irab le  location  fo r load transfer in form ation . 

F or exam ple , a  transition  betw een soil overburden  and the  top  

o f  th e  rock is a d ifficult in strum en ta tion  location  if th e re  is a 

reduced  d iam eter at the  rock socket. If this inform ation  is 

p rim ary , then  m ake certain  there  are  m ore instrum entation  

levels im m ed ia te ly  above and below  the  transition , as well as 

acro ss the  transition  area .

4 . O n p ro jec ts w h ere  in strum en ted  load  tests a re  p erfo rm ed , 

im p o rtan t d a ta  on th e  in -situ  concre te  m odulus (Y oung 's 

M odu lus in E quation  2) can be ob ta ined  by p lacing  strain  

gages n ea r th e  to p  o f  th e  shaft. By m easu ring  accurately  the 

shaft d im ensions and  gage  locations, th e  u p p e r section  o f  the 

shaft acts as a  la rg e  test cy linder and  allow s calcu lation  o f  the 

elastic  m odu lus. In con junction  w ith th is m easu rem en t, it is 

im p o rtan t to avoid any overbreak  in the  u p p er shaft concrete  

(th rough  the  use o f  su rface casing  o r  fo rm -tube) since 

ap p rec iab le  load  can  be  shed there .

5. Real ¡able long  term  se ttlem en t m easu rem en ts th roughout 

co nstruction  w ould  g rea tly  en hance  the  value and  facilita te 

in te rp re ta tio n  o f  long term  strain  gage  read ings. Long term  

se ttlem en t m easu rem en ts w ere  recom m ended  on each o f  the 

p ro jec ts rep o rted  here , a lthough  no  fund ing  fo r such 

m easu rem en ts w as ever o b ta in ed . L im ited elevations taken by 

th e  c o n trac to r  fo r h is p u rposes w ere not sufficiently  accurate  

o r  p rec ise  to be o f  value. A ccessib le se ttlem en t po in ts and 

rep ea tab le  elevation  accuracy  to a t least 0 .5  m m  is essential.

CONCLUSIONS

Based on th e  resu lts p re sen ted , th e  fo llow ing conclusions and

observations a re  m ade:

1. In all cases rep o rted , the  load  reach ing  in strum en ts n ear the 

base o f  the  shafts ind ica tes an ap p lied  p ressu re  significantly  

less than  the  design  bearing  p ressu re , p a rticu larly  fo r those 

shafts socketed  in rock. Even tho se  shafts designed  in 

en d -b earin g  on ly  a re  rea liz ing  significant load  transfer in 

fric tion .

2. In all cases, the  load  carried  in shaft side  resis tance eventually  

reached  a  stab le  condition  w ith  no  sign ifican t reduction  over 

tim e.

3. T h e  slight long  term  m easured  load  increases w ith tim e after 

p ro jec t co m p le tio n  ind ica te  creep  effects a re  sm all in concre te  

that is m o re  than  3 years o ld .

4 . T h e  resu lts show  that load  tran sfe r in d rilled  shaft foundations 

can be  m o n ito red  successfu lly  fo r m any  years. T h e  fact that 

certa in  gages sto p p e d  function ing  in each o f  th e  shafts points 

to  th e  need  fo r redundancy  to en su re  sufficient w orking 

in stru m en ta tio n  fo r  m eaningfu l resu lts . T h e  au thors 

recom m end  p lac ing  gages in pairs a t each  d ep th  fo r 

red u n d an cy , in th e  event o n e  gag e  is d am aged  during  

co n cre tin g  o r  becom es in opera tive  w ith  tim e. At th e  to p  o f
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th e  shaft, th ree  gages a t 120 d eg rees a p a rt o r  4  gages at 90 

d eg rees a p a rt a re  reco m m en d ed  to  e lim in a te  ben d in g  effects 

n ea r  th e  to p  o f  th e  shaft.
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