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The bearing capacity of screwed piles in cohesive layers
La capacité portante des pieux vissés dans les sols cohérents

W. F. VAN IMPE, Professor, Laboratory of Soil Mechanics, Ghent State University, Ghent, Belgium

SYNOPSIS

Two pile loading tests up to failure were performed aon continuaus screwed concrete piles of the

Atlas-type, in a uniform tertiary clay layer.
method is described by Imbo (13884).

The type of pile mentioned and its related screwlng
From the results of the test loading an analysis is made con-

cerning the total point and shaft bearing capacity in respect also with the cone penetration results.

Some considerations ere made about the influence of

ding of the piles.

INTRODUCTION

The Atlas-type pile is a concrete auger pile,
cast in place while screwing out a thickwalled
steel tube equiped at its bottom with an hollow
exchangeable auger. This augered end with heli-
cal shape also bears a helical flange. At the
bottom the casing is closed off by a non-retrie-
vable cast-iron drilling tip (Fig-1a). Screwing
in the steel tubes this tip grips, while scre-
wing out 1t loses its grip and is left behind
allowing to cast the concrete, (Fig. 1b).

Two of such screw piles were made, as test pi-
les, near Kortrijk-Belgium in a guite uniform
thick tertiary eocene clay layer (Ieper-clay).
At the location of the twao test piles (Fig. 2)

a number of static cone penetration tests (CPT)
were performed. Their results are shown in Fig.
3. Some of these test results were obtained be-
fore bringing in, others after performing the
piles. No appreciable differences in CPT-results
could be measured with respect to this time fac-
tor.

The two identical test piles were installed on
April 6, 1984. The loading up to failure for

-
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the time interval between performing and test loa

test pile P1 was made on May 8 ; for test pile
P2 an July 7, 1884. At the mentioned loading da-
tes (30 days, respectively 90 days after perfor-
ming the piles, small differences in test results
also were expected from the point of view of re-
consolidation of the clay surrounding the pile
shaft.
Each loading and unloading step of the loading
program was kept constant for one hour. The
shaft diameter (Fig. 1), due to the special way
of casting the concrete while screwing out the
steel tube equals at least its diameter of DS =
360 mm. The full shaft and base diameter, due to
the flanges at the screw in this case was DO

b
460 mm.

THE TEST LOADING RESULTS

The locading program on each pile can be deduced
from Fig. 4 and Fig. 5.

For the test pile P1, failure occurred as a con-
tinuaus and rather quick penetration at the loa-
ding level of about Q = 1560 kN (Fig. 5a).Follow-
ing outer load had to be decreased immediately as
to maintain and later on to decrease the penetra-
ting rate of the pile into the soil.

The failure at test pile P2 was introduced at Q =

® Mantle cone (M1) S1: 23-3-84
A Simple cone with ciosing nut(M4) | 5,5%2,53,54:27-4-84
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S4 1,30m| 070m S1
+3020 ——'1 S5 +30,26" 2'62’; :
T AT +2967 7 |
AN _jorom __+29,7% 30308 g A
s> 070m Ty L
gt ] < 070m\LEST PILE P

(Loading test

+2965
on 8-5-84)
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(Loading test on 6-7-84)

Fig.2 Location of test piles and CPT
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1700 kN although continuous penetration at sa TABLE I
rate of about 30 mm/hour only was obtained at a ()
constant total load of 1765 kN, which so was Assumed total failure load Gr from test results

considered as the rupture load.

Out of this loading-settlement results, the fai-
lure criteria of Van der Veen (1853) and Chris- Test Observed Van der Veen |Christiaens
tiaens (1970) as described by De Beer (1867) pile criterion criterion
are used.
For the first mentioned criterion an appropriate P1 1560 kN 1580 kN 1550 kN
straight line on Fig. 6 is indicating the fai- P2
1765 kN
lure load Gr. From Fig. 6 for the test pile P1 1755 kN EETE
the Van der Veen's value becomes Q(L]= 1580 kN ;
for the test pile P2 it rises up to be Q(L] .
1755 KkN. T TIME in minutes 1IME in minutes
The application of the Christiaen’'s criterion, 01 ‘9 ZO:APfO Ol 5 10 20 40 60
describing the ;ailu:e tiad at thehinierseciion 1 i ! I s
point Y of two best fitting straig ines in 418 kN-=683KkN RN+ RGO RN < RGN o1 126% R
a semi-logaritmic load settlement diagram, (Fig. z“donﬂ:wann;“"->'-’~~‘ 44 “MkNﬂqgwn“‘"J‘lﬁ
———-—5——&7 - e LN
7), brings the Q(L!values up to O[L]- 1550 kN - ZBUN—=9L5 kN, BUBKN > 781kN" ;ﬁ:;mw__upyﬁ___\
T T 4 4 PO REORRT ™" bt g2 I LR ==
for pile P1 and Q_ = 1680 kN for P2. In Table T 092Ny B POIEERRS TR BB RA o e =
3 L 1092kN-m1217kN s ot
I such failure loads are gathered. e
E s'ﬂw*nmﬂ Elz" S mokn
4 N
= c
o 8+ {16+
ANALYSIS OF THE PILE BEARING CAPACITY 5 1364 kN 1523 kN &
= =
10 -+ y
alUsing De Beer's method (1971) for driven piles, v 0 320.
taking into account the scale effect of pile = k>
base diameter versus cone diameter, out of each A RELOADING B 244
mentioned CPT-result the ultimate unit point o T el 20kNomj523kN o +
bearing capacity g is deduced from the cone < Tvagy < i
r,b W - v g Wi 284
resistance values q_. BV %
c = IWEVEGEM *s .ﬂ ZWEVEGEM
The CPT-results obtained from mantle cone tests T 164 |Test pile P1 N 45 32f | TestpileP2
although beforehand were adapted, because with 8/5/84 a N, - 6/7/84 b
this extended cone type some resistance measu- T J X J
red at levels above its point in fact also is 18 : L) " 36
included in the cone resistance measurement. In Fig.4 Time-settlement results
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Fig.5 Verticael load versus pile head settlement

comparison with the simple cone with closing nut
therefore a decrease has to be taken into account.
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Fig.6 Failure load from Van der Veen-criterion

TOTAL VERTICAL LOAD Q in kN

Far clays and values af the caone resistance qc 1190 N @i 6@ ¥?° o
(Fig. 3) of 2 MN/m2 <a, < 4 MN/m2 such decrease °\\ \ Test pile P2
ch here is described praportionally as : 2l WMDJ?D‘\Q
E
0.4 MN/m? < aq_ < 0,8 MN/mZ. E \\
3A
On Fig. 3, each aof the correspanding qr b—curves E
» P
is drawn, allowing to abtain the g -value at e
r,b,o 5
the pile tip level, correspanding to each of the § 7:
CPT-results. At the same level, Qs,t.o is the cu- w T Testpile P1-G, =*1550kN Y
mulated lateral resistance measured on the cone 2’0 & : Iy
penetration tubes (ds = 0,036 m). s Test pile P2-Q,=21680kN~ | \
I
In Table II, for all CPT-results (adapted for W ¢l
the extended mantle cone results), the values of . o !
(c) (c) (c)
;0 ;9 ; F and are given, 0+ . Cnterion-
9r,b,0 s,t,o r,hb p,C O & v CHRISTIAENS (1970) l
in which &0
2
(c) "Db Fig.7 Failure load from Christiaens-criteriaon
Q = . j ultimate point bearing (1)
r,b r,b,o 4
F(c] -9 Ds ; ultimate shaft bearing (2) 0* X
p.s 's,t,o ' ds o r,b,max_, p.s.maX] (4)
and g A . glc) plel (3) nong na "3
’ e or, with n, = 1.4 :
P for test pile P1 becomes : P1 = 730,9 kN
TABLE IT n )
Pn for test pile P2 becomes : P2 = 944,8 kN
Results of calculated bearing capacities out of b) The devision intao point and shaft bearing ca-
CPT pacity can be made using Van Weele's method (Van
Weele, 1957).
=1 c) ey 1 In Table IV the data, aut af the test loading re-
CPT 9 b.ol% t.0 :r"b FD q v, sults, needed in this respect, are gathered.
o e i ’ . ) . () .
MN The ultimate shaft bearing capacity F then is
(mz) CIELN AR ) 13 calculated (Van Impe, 1984) as : i
(adapted)S1 2,50 71 415,5 907,2 | 1322,7 (L) QA .%%-VA
S3 2,55 77,6 (424,0 991,6 | 1415,6 F iy (5)
S7 2,82 90,6 |469,3 | 1157,7 | 1627 R KE-—(1 -n). =0
(adapted)S*1 | 2,80 80,3 [|465,3 | 1026,1 | 1491.,4
(adapted)S*2 | 2,75 74,9 |457,0 957,1 | 1414, ﬂg d
S4 2,96 A6,4 1491,9| 1104,0 | 1585,9 n i _° Ys,t.x v 4% (8)
ss | 3,01 95,0 {500,2{ 1213,9 | 1714,1 | Where 20, L o
S6 2,89 91,3 (480,3 1166,6 | 1646,9 e
£=13 m
Out of the data in Table II, some maximum and mi-
nimum values are derived in Table III in order to E =268,5 kN/mm2
get an estimation of the allowable bearing capa-
city. Q=0,1159 m2
From the Table IIl-data, (on next page), allo-
Out of the CPT-results ; CPT-S1 f test pile P1
wable bearing capacities Pn were calculated as : ute & results or testp
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TAULE III

Derived values from table II

Values fraom CPT at or around the Values from CPT-overall spreading
test pile
CPT Test x) (x) (x] (x) (o) (o) (o) F[D) 1
nr pile “r,b,max| "r,b,min] p,s,max | p,s,min r,b,max r,b,min p,s,max [ p,s,min "2 n3
nr (o) (o)
. r,b,max p,s,max
(kN (kN]) (kN (kN]) (kN) (kN) (kN] (kN) (o) (o)
r,b,min p,s,min
s;' P1 415,15 907.,2 500,2 415,5 |[1213,9 907,2 1,20 1,34
57' for P1 for P1 |for P1 for P1 far P1 for P1
and and and and and and
5;1, for P2 for P2 |for P2 for P2 |for P2 for P2
s72,
34,55, P2 500,2 457,0 1213,8 957 ,1
S6
TABLE IV buted on the one hand to the fact that the time

Data from Fig.3a,b-pile loading tests

Pile| Total [Measured Elastic Pile Q= V=
nr | measured [plastic uprising load DB—QA VB-VA
settle- settlementvx=sx— Sy
ment of of the o
pile headjpile head
(mm) (mm) (mm) (kN)* | (kN) | (mm)
p1 | 8AT 5555 VA = 3415 QA = 1217 306 |1,858
sg™ 12058|s, VB = 5273 QB = 1523
P2 | 8A° 5483 5A0=2ﬂ13 VA==Q3BD QA= 1331 137 11,250
sg= 7793 sEU= 3163 | VB = 4630 QB = 1468
and CPT-S6, for test pile P2, one gets
n(P1) 0,306 and n[PZ] 0,333
From equation (5) and Table IV, it can be deri-
ved
X (L) _
far pile P1 : F = 1190 kN
pP,s
X (]
for pile P2 Fp . = 1350 kN
The ultimate point bearing capacities UiL; out
of the loading test results, then became :
X RPN 4 5 I AT IR O W _ _
test pile P1 'Qr,b _Or Fp,s- 1560 -1190 = 370 kN
test pile P2 :QiLé =1765 - 1350 = 415 kN.

Fallowing this calculating methad the increase

of the rupture load by about 11% is almost enti-
rely due to the ultimate shaft bearing uprising.
Camparing of these results with all from surroun-
ding CPT-results calculated values (in Table II),
leads to table V-results.

Althaugh at start a much higher failure load to
be measured in the testing of P2 (versus P1) was
expected, (being in accordance with the assump-
tion af some recansolidation of the clay layer)
out of the ratio Q£L]/Q£0] in Table V it was dis-

covered this is not the case. In this case no in-
fluence of any reconsolidation on the béaring ca-
pacity was deduced. This probably can be attri-
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interval of 60 days between the two loading tests
in this case was rather small ; on the other hand
it is thought the effect aof the plastic remoul-
ding and disturbing af the soil while screwing

in the flanges at the tip, was neutralized by the
naticed dragging out of some clay around the dri-
ving lats, screwing out the steel tubes.

From equation (5) and Van Weele's method(E?e bea-

F
ring capacity share of the pile shaft [ p'slin

(L)
Or
this case of pile loading tests seems to exceed
F
the predicted ratio [ ?é?] by about 10%.
Dr
TABLE V
out of CPT-results out of pile loa-
around pile ding tests
L)
(e (ec) é?l = 5 ¥ (L) Fé%; J;
CPT [Pile » F £ o 3 Q. F - —~
r pPs5 lc) I p,s (L) lcl
nr nr " 'i:‘ ‘./!
(kN) (kN) | (%) (kN) [ (kN) (%)
S1 1322,7| 907,2(68,6 1,18
S3 | P1 1415,8( 991,6|70,0 1560 | 14190 76,31 1,10
s7 1627 11687,7{71,1 0,96
s*1 1491,411026,1/|68,8 1,18
s*2 1414,1] 957,1(67,7 1,25
S4 | P2 1595,911104,0(69,2 1765 | 1350 76,5 1,11
S5 1714,1|1213,9(70,8 1,03
S6 1646,9|1166,6(70,8 1,07
CONCLUSICN

For the Atlas pile of Fig. 1b., the total bearing
capacity, as a first approximation, can be pre-
dicted from CPT-results using a calculation me-
thod developed for driven piles, after correcting
measured CPT-cone resistances when using extended
mantle cone. Loading test results in this case are
shawing failure loads exceeding abaut 10% the men-
tianed predicted values.



The calculated predictions for F;c; starting

from the total lateral friction Qs t. 0 in CPT-

results, are underestimating the real shaft bea-

ring capacity F;Li of this type of screw pile.

Out of the test results of measured rupture load
and using equation (5), it looks (Table V) as the
share of the shaft bearing in total failure load
with this Atlas-pile is about 10 % higher than
predicted from CPT-results.

No influence was detected of some reconsolida-
tion effect on the bearing capacity in a time
interval of 60 days between the two loading
tests.
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