SOCIEDAD ARGENTINA DE INGENIERIA GEQTECNICA

INTERACTION BETWEEN A SQUARE PILE RAFT EMBEBED
INTO THE SUBSOIL FOUNDATION

Eduardo Niifiez
Ingeniero Civil
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Square piled raft
raft
- level of soil-raft interaction : at Phr. level (at 5 m depth)
- thickness of raft in concrete : 2m '
- area of raft : Ilmx1lm
- total load ; (uniformly spread) 80 MN
on top of the raft
piles
- 16 reinforced concrete, ‘ideally’ bored piles
- Eccn::n:(c . 35000 Mpa
-d=1m o I'm
- pile tip at depth of : 30m

- pile interdistance (axis to axis) : 3m



INTERACTION BETWEEN A SQUARE PILED RAFT EMBEDED INTO THE SUBSOIL FOUNDATION

.= Settlement of a rigid cap (C) into the ground, as an indidua; fqoting, can be
evaluate byvthis expression: . 50 =1/ [Kci( 1/Qc - dRC/QCRﬂ ' in which 563
rigid cap settlement; Kci: equivalent Yconstant" spring at the origin; QC{ central
load transmited by the cap, which is considered as an i;qlcted base; QCR: load .
bearing capacity of cap at "failure"; doc QCR/QCU being

QC the "ultimate" load when the lineal relation between K =
u :
Q/S and Q is accomplished { K = Ki -mQ ) .

K, K=a/é 2,- For aon individual rigid pile, the settlement & can be
M m s K./Q : [
., 1 i . = e .
. /Qu estimated by 50 1/ Kpi( 1/Qp dRP/QPR)J
. R QR u

3.~ A group of‘piles (G) under a rigid cap {C) with
approximately square form, compared with a single pile,
settle according to theseempirical formulas

5/, = [8(m)/B(ma_(m)] " 8 §/5 = r/ 1 +ox(ra1)

(Bo: sitile pile diameter i B : width of group ; r = B/Bo) '

# pile group through soft soils resting into n=2 : o= 0.2
very dense sands or gravelly sands - ’ !

# Idem for medium dense sénds or grav, sands n=3; A= 0,1

5 i Idem a group of piles working prevailingly h=4 ; X= 0,05
by friction
4.~ Tha load QT transmited by the cap resting on piles,
produce a settlement BT = SC = 6@ . To this value, the
cap and the dgroup of piles take loads whose total sum is
QC -+ QG = QT s This expression can be writen
K., K.. 2
Ci + Gi - = QT that became ad“+ b8 + c = 0
1 +K., . d .
3t Kei r %re/%r 1+ Kes + %e/G _ :
wherein =K_.. . -
R T RLY [(dRC/ Ser * %Re/%r ) = Yre/Ocrdre! QGR'QT]
b=K. +K_. - - ‘e i = -
ci ¥ Kar T (Koyrdhc/Op *+ Koyt the/Og ) O . © O
Solving the equation, the global foundation settlement can be estimated and *he
respective fraction of the total load on the global foundation QT y in this case
QC and QG ¢+ can be evaluated.
5.- The problem is solved appling the equality QC + QG = QT . Dividing by §,
we have K., + K = K and f = 0 . =
. ] - G T n or Q - . KCi + KGi KTi The valus of
¢an be calculated with K. =K -d__,
KT X ) =9 ted wit - Ti(1 RT QT/QTR)
= T
T - 6T . From 8T we have the values of Qs arn) .
and QG + When "cap and group m values" are very T

different, the matehing should be made from the mT
value, '

. 3 - 4 3 3 Q

NOTE: The results of this semiempirical approach could —©
. "ot -

be into = 30% of the true values, --"a

§ (em)




A CASE STUDY PRESENTED BY Dr. W.F. VAN IMPE (Second cuse, dated 05,05.98)

CAP square E=1j‘|mi : A=B22121m> : tc=2m ;.Df=5m # Piles 8°=1m ; d=38_=3m ; n=16
LP=30m i B=3d+1=10m ; Reinforced concrgte "ideally" borej pil;s Tital load
above cap: 80 MN = 8000 Tn ; Concrete: 35000MPa = 350x10 Tn/m = Eb' i Subsoil :
(0.c.) clay undrained c, =110 + 3,93 = (k'N/mz) i z(m) stcrting-from D, = 5m
CAP (as isolated footing): C ¢, =110+3, 93x2/3x11=1 40kN/m =14 Tn/mz_ a, =28Tn/m H
?é’adoqu : Aa'o% : Ei=3bdxas=s400Tn/m2 ; <l_1 x, 5x8400/11—126OTn/m : I 11x2 /12
= 7,33m% ; 2”i=1o(4x350x7,33/1260x11)0'25=9,3 ,ﬁims Swwrigid cap

K, =k A=1260%121=1525Tn/cm ; Q R=P A=(cN .-s d +E)A~13100Tn ; subsoil:stiff to ,
b A . ' -
very stiff 4.2 0;85 QC'—131oo/o 85 15412Tn i m =i<i/QCu=1 525/15412 0,1 cm

: c
= = T H cm
Q = K, /(1/d, + m.) 1525/( 1/8 + 0,1) Q. (Tn) 5 & (em) ,
bl +
PILE  Friction QF=WB°LfS=TTx1mx30mx1 0Tn/m2=942Tn ; & .~ 107 L = 30%
b : = = : ~ : = 1-d =1256Tn/cm ; G _=942/0,7
p3cm Ko =942/3=314Tn/cm i A0, 75 § K =K/ ( ) fem i Q o '

=1256Tn ; m=K._/Q _=1; Q_(Tn) = 1256/ (1/8) +1 ; (cm)
Point QRP—GN +q s e, = 110+3,93%30= 22 8 Tn/m2 ’ -q_ = 940,75x30=31 ,5Tn/m2

QRP_(za 8x15+31 5)7‘/4 =293Tn ; .=300x2x22 8 = 13680Tn/m2 v K, =kiAP=

=(1,5%1,5x13680/1 x 71 /4)/100 242 Tn/em don=0,85 ; up=2;§/0.85=345 Tn

8 +B-§ + B-s m = 242/345 =0,7
5e | 5. o (,62‘;) o a Parameters for an 1nd1V1duq1 pile:

{em) | (em) {Tn) (Th) (7n) {Tr) QRP = 9424293 = 1235 Tn ; K:'.F‘ = 1236+242 =

1 e ] s 2415 1386 2801 = 1500 Tn/em ; Qp = 125$+345 = 1600 Th ;
2_lzs | 276 | ez | amaz | epsa| M = 1500/1600 = 0,94 em

ST RS ER TR | 9 () <1500 / (1/8) w098 5§ (om)

4 4/9 470 7523 4357 | 11880 GROUP OF PILES (6) weight of cap = 600 Tn
5 [% % | o |5+ Kkals QT=800'0+600 =8600Tn ; P—ssoo/w = 540 Tn
(em) | (Tn)| (Tn) | (Tn) | (em) | (Tn/em 6,=1/ (K, o/, ~ m) =1/ (1500/540)~0 94 & 0,55em

101 | 22,6[114,2] 1368 | o015 ] 515 5/5 -(28/ B+B ) = 2x10/910+1) = 11
e ol el [ Y VR VST
1 142 | 625 | 770 | 1,28 | 602 average 5/50 = (5 = +(11+7)

s z: 22’2’ ::i: ;: :z Ksi= 1sgpi/9 = 2667 Tn/cm ; g =91 77 .

5 268 | 1047 1315 5:46 a‘;o QGR = 16x1235 =19760Tn;m=2667/(19760/0,77)=0,1
e Py — a=336;b=2436;c=-8600  §_= 2,6 cm
= 0,614 el ' — ]
"rigid ": K, =1500Tn/em;d_ =0, 772ime0,94 Q(Tn) T

Then, for rigid piles, QT-—_-BGOOTn and pacee (xé"a /Q/-r
ST = 2,6 em « The calculation is i@“.. -7k'/ o
presented in the upper table. I Q= +q ol . ¢~

If we consider the elasticity of piles &o}"‘y '%G i

A= P.L'/Eb.AP i the respective values /é/ e l,‘-,_’o‘;»”—
gre included in the lower table. Thea 9000 Ve / :L.;)?—’ e
general prediction can be seen in the [ / ‘/""4— WC
last figure. # "Rigid" piles: load taken // ,—’/ ’
by cop, 37%; by group, 63%. "Elastic" ’ / ’/ l
. : !
piles: 43% and 57% respectively, ; l i S tem
7 2 3 4




