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Author(s) Equation Comments
3 Sand: t;=0.5 A=0.2
Skov and Denver [20] Q,=[1+Alog(t/t))Q, Clay: t;=1.0 A=0.6
B ~ Qeoip = pile capacity at EOID
Huang [12] Qu = Qeop +0-236[L+ 109 H(Q s = Qoo )] Qmax= Maximum capacity of pile
Guang-Yu [22] o - (03755, +1)0 S; = sensitivity of soil
g Mo Q14 = pile capacity at 14 day
o tit, ) Q.= ultimate capacity with 100% set-up
Bogard and atlock [23] Q=2 ‘\0'2 v t,, }' Tso= time corresponding to 50% set-up
Q,=1.1Q,,t"" . o . .
Long et al. [24] o 110 1" Driven piles in sands, clays, mixed soils.
s B Drivrn piles in sands, clays
Svinkin and Skov [25] Q=[+Ba+10g0IQcp Derivation from Eq.of Skov and Denver
t
R =Ry, [AUog(m) 1] Rioo= pile capacity at 100 days
Karlsrud et al. [26] 100 Pl= Plasticity index
A=0.1+04(1- E)OCR,M OCR= Over consolidation ratio
50
B Q= unit shaft resistance at time t
Zhang [27] 9= 9,(0-3logt+0.28) Qo= the unit shaft resistance at EIOD
Q, =Q,d+n,) Jacgedt pil(latsf in fartl)ds, f;lays .
ut= ultimate bearing capacity
Deng etal. [28] N, = t Q0= ultimate piling force at EQJ (t=0)
a + bt nut= increase in Qut relative to t Q0 (%)
Cha= Horizontal coefficient of
t L, consolidation
Ng et al. [29] b e L Na=SPT N value
g ' _fL, o rp = Equivalent pile radius
NP fc= Consolidation factor
‘ fr= Remolding recovery factor
. QA Iog(t/to)
Reddy and Stuedlein [30] Q.

Driven piles in sands, clays

B k, +k,Q,Alog(t/t,) Derivation from Eq. of Skov and Denver

t fs= Unit skin friction
f, =1, [Axlog(—)+1] fso= initial Unit skin friction
Haque etal. [31,32] % gt= Corrected cone tip resistance
A=057¢e """ t0=1 day
Table 1. Empirical formulas for predicting displacement pile capacities
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quantity (Laboratory)

Length 1/n
Mass density 1
acceleration 1

force 1n**

displacement 1/n

Permeability (darcy’s Law) 1

Table 2. Scale factors
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W (%) LL PI

P
(gricm?)

Cc Cs Cu(kPa)  Cv (cm?/s)

1.72 58 66 38

0.39 .05 25 2.8e-4

Table 3. Properties of soil samples
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Depth Drop height ~ Weight  Applied ener
(mrr)n) Blow-count (Fr)nm)g (N% PP Q) 9y
25 3 25 5 0.125

50 7 25 5 0.125

75 6 50 5 0.25

100 9 50 5 0.25

125 11 50 5 0.25

150 13 50 5 0.25

175 15 50 5 0.25

200 17 50 5 0.25

Table 4. Pile driving record
b6



WS L.b)j:.al )_5;_'6.,\»:-\ Wbl

e Mg cilise gladae 51 2kl 5 ool s S

)

<
X|| w»

it ol S Lo g X5 Slne Sl S (V) alad
Ay S (SAST Ol a8 035 dmy g iie SG S e
Ol e D o e b ol iy aa o DL 1) (KL
Sl Syl (6 S Ol )50 53 ibie osL3
S sladi e 3 Ghalasl rad Il ok (5l LSS s 2
cladle; s b tbesl el Ao il (gl cilises o oslel

35S P g Sose et S Sl oy Al
e M o plowil (sla el 4y a5 bl S5 0L
J=B i S5 Sl 5l Aoy St 1 S Sl s

RGSWH [ W

B kil b -A
=0l 3 el 5o Imad s 0l 3505 (65,5 () JS3 5o
el OF Sl 5 ol ol a3ls 0L 20 S 5l ilisos (sla
Al Al med gl B I F ks

o= 300 V3 e ok b B s s 0L (4) IS
o o=t Sl S b )l Ao s A i S )
S0 e ek (b b Bl sed i RS 0L
3 e el SO e o3l o s e 0L (Ve IS8) Ol
il s B SRl med gl LB et S
L S Sl e a0 4 b med g0k S b 5 ol
Ol e S Oles s yls e Ly 8 daly Oles
STl Lol et G SL plralr 1 56 S i
03 b gt i 25 5 e a5 e B s sl i
- LS S aed g (Sl a5 5 mad b
Sds 3 lo i O Hlis Wl s bl sy cs el
S 235 s s mad S Sl ey ST OLS
33 Glo i O jlis sl ous Ll; FF b S
ol b B Gl 03 ple S et BB S

.:,)\:L;,{)S)'lmg)hjdjla):@..i

b/

S Al o a3 S S Sl s et (55l e
L SoenS oo b aids ¥l alols L o5ps ¥ 550
ks 5 AL o aslsl (o oo 1/0) el B +/V0 ol el
ol 53 e 1Y0 G S Cntd #5 L L Jlesl Ol
SIS e 51 S a5 ASTM D1143 5 il ilas
- o o3l LVDT ' 5l pad i sl [39] 555 0 J 8
Oloy S L bspad (90L3 o0k b b s sl 055
(ol ) a8 0L S ey a0l e s sl
3oV s VoY o) el )Y celh 0 (cels ¥
JSK2) 558 00 plomil ilie glamad (555 (sS OLL Sl e

A

ot 6L STl Soled A JSS
Weight

Pl
LVDT2

l Plate

E

LVDT1

Pile
ﬁ
Clay

A

Fig. 8. Schematic of pile load test Schematic diagram of the
laboratory model test setup

W GRS Y
ol st B e 53 Skt S sla sl o =k
slais Al alie Lol o s il 5 01 S5 &S
EREIR W KRG R PO ST R [ P P Py |
e (8l ol i e Sl 5 Al U3
sloa e 51 SOl sy Gled s Sl 36 pd )l ST
=l s adis 3l (6ol 8 (6 ST SIS (65,08
1l (C) i o o S e szl O 51 S5 55 (gl

1 linear variable differential transformer
2 End of initial driving (EOID)



\Yavdl /7 Y e)w/r.h.wi)jé

) 3 el Ll Aol a0 ses 4 (V) Jsdr lide
Sl pad (b b B (0) Jsdar 53 i JodS SR
;f—i‘j—ﬁ;-’)}-‘u—“)‘su)-’ﬂwdjk}f”&ij]ﬁg@

Sy dmglie o el (sla e 2L e

ot Sk b b0 g

Frictional capacity (kN)

o method A method B method
1571 1364 1812
End bearing capacity (kN)

177
Total bearing capacity (kN)
1748 1541 1989
Scale factor x total bearing capacity
(model) (N)

27.7 24.4 315

Table 5. Pile bearing capacity
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Abstract:
Determination of ultimate pile capacity is important for proper design and construction of pile foundations.
Most of the time, the pile load test is carried out shortly after the installation of pile. The pile capacity
obtained from the load test is often assumed to be the ultimate pile capacity in most of design methods.
However, during pile installation, the soil around the pile experiences large deformations and changes in
excess pore water pressure, which in turn reduces the shear strength and pile bearing capacity. After the
completion of pile driving, the pile capacity increases as the strength of the surrounding soil increases mainly
by reconsolidation, manifested by the dissipation of excess pore pressure at the soil-pile interface zone. the
ultimate pile capacity could be underestimated if pile load test was carried out while excess pore water
pressure still remains, which may lead to a conservative pile design. It should be noted that a pile static load
test (SLT) and a dynamic load test (DLT) only measure the pile load—displacement relation and ultimate load
at the time of testing; they do not provide any information on pile capacity variations over time. Pile load
tests must be repeated at different times to evaluate any set-up effects, which can be time-consuming and
costly during pile construction. Therefore, it is essential to develop empirical and numerical solutions to
enable analyzing and estimating long-term pile set-up effects on the basis of limited numbers of SLT and
DLT tests. Accurate estimation of pile setup, rather than measuring directly in the field, may reduce the cost
of piling and still provide the required performance for the pile. Prediction of pile capacity gain with time
after driving would certainly be advantageous from an economic standpoint. Incorporating the effects of
setup into pile design is expected to reduce the general cost of piling project by reducing pile diameter, pile
length, size of driving equipment, and subsequently piling duration.
The major reasons for set-up can be categorised into the following two groups: (1) the generation of
excessive pore water pressure during pile driving and subsequent dissipationover time, leading to soil
consolidation, and (2) the aging process. The purpose of this research is to conduct experimental research
aimed at developing an understanding of pile capacity in soft clays and to develop relationship between the
pile capacity and elapsed time after the end of initial driving for cohesive soils.
An experimental program was developed to study the evolution of pile capacity increase with time for piles
driven into a type of soft clay in northern Iran.
results of a series of pile load tests conducted on small-scale Aluminum pile foundations driven into soft
clay. The piles were tested instantly after driving to measure their initial bearing capacities, and were tested
repeatedly over different elapsed times to study the evolution of pile capacity over time.
Results show pile capacity increases approximately 80% of initial value, 14 days after initial pile driving. A
large proportion of this pile capacity increase over time, also known as setup, was generated within the three
days due to fast excess pore water pressure dissipation, and afterward, the pile capacity increased at a lower
rate.

Keywords: Driven pile, Soil set-up, Physical modeling.
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