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ABSTRACT

The bearing capacity of the prebored pile has been studied by many researchers. However, comparative studies between
design data and pile load test data on the load sharing ratio and the settlement were insignificant. Therefore, the design
data and the static load test results were compared for the prebored open-end steel piles. In the compressive static pile
load test, the load sharing ratios of the base resistance and the shaft resistance were 13%~40% and 60%~87%, respectively
and the settlements were measured 2.2mm~4.7mm. In the current bearing capacity calculation formula, the base resistance
was shared between 54% and 75%, and the shaft resistance was shared between 25% and 46% and the settlements were
calculated about 19.8mm~23.6mm. The settlement in the current bearing capacity calculation formula was 321% to 776%
(average : 445%) larger than the settlement in the result of load test. When the settlement were calculated using the load
sharing ratio in the pile load tests, it was 137% to 525% larger than the test settlement, and it was as large as 204% on
average. It was confirmed that an appropriate evaluation of the load sharing ratio had an important effect on the calculation
of pile settlement.
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skl et AR Funtaee] wHe 55
27]0] whe} 2fol7} ik W7 2o
A SokERlo] ol SR ol 3 7}
of whe} ek A o] A3} S7tske AR o .
e WIS A8 Sl 7 dullo] W)
gt oRRel 5 BYste Joz wEHgt
(Tomlinson, 1994; Lee, 2014). X Park et al.(2019)
AAESE A Bl 2 Wl i A5

m
HU
.

)
Y
%0
o

rﬂ
i
fn ©
PL
_8.
Hm
ol o
!
é
A:L
o
o
g
o
> o2
N
2
41
9‘_]_41

R
A,
1%
> Mo
)
o
ol
ol
2
oo
>~
OIt
_‘4

o] theh SR AT A A 3t S3hdes
npxe e AR Ngts o]8ato] Agahet,
AIK(2005), KSCE(2008), LH(2008)e] ]3] A<t wi¢]
WHETH O] 2|28 AP AL @ oFslo] Table 13} Table 2
o] YeRHIT) Table 13+ Table 2] Ny, No= Z-2F ATk
o] EEWJAIE N g} Fuite] ZEIYAIE N3k
Lrepdch

==
=

i

Suggester

Gy, It(KN/m2>

Pile end condition

AIK (2005), KSCE (2008)

200N, (cohesionless soil)
6cy (cohesive soail)

Np =60

LH (2008)

Np =60

40 SIXEHMASEE=REY H22F HiE



Table 2, Ultimate unit skin friction capacity (f

s,ult

) in prebored pile

Suggester Fore (KN/m?) Soil condition
2.5Ns (cohesionless soil) Ns < 50

AlK (2005), KSCE (2008) 0.8c, (cohesive soil) < 125 (kPa)
) ) Ns < 25
e e

% au < 100 (kPa)

*

Table 3. Typical Value of C (Vesic, 1977)

remark : Ns = Standard penetratio test result, ¢, = undrained shear strength, g, = unconfined compressive strength of soil

Soil type Driven pile Bored pile
Sand (dense to loose) 0.02 ~ 0.04 0.09 ~ 0,18
Silt (dense to loose) 0.03 ~ 0.05 0.09 ~ 012
Clay (stiff to soft) 0.02 ~ 0.03 0.03 ~ 0.06
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Fig. 1. Soil profile of test piles

Table 4. Dimensions of prebored open—ended steel pipe

piles
Pile No,. D (mm) Lb (m)
WS—1 457 8.9
WS-2 457 97
WS-3 508 9.2
WS—4 508 10.0
WR—1 457 10,7
WR-2 457 12.8
WR-3 457 11.0
WR—4 457 1.6
WR-5 508 13.4
WR—-6 508 13.6

*remark : WS (Weathered Soil), WR (Weathered Rock), Ly, : Pile length
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Fig. 2. Load—settlement curves of open—ended steel pipe piles in weathered soil
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Table 5. Test results of piles socketed into weathered soil

Yield capacity Allowable bearing capacity
o Q, (MN) Q,, (MN) Q,, (MN) s, (mm) Q, (MN) Q.o (MN) Q.. (MN) 5,4 (mm)
WS—1 2.21 0.39 1.82 8.6 1.10 0.17 093 35
WS-2 2.21 0.48 173 84 1.10 0.20 0.90 31
"5 Twes 147 0.33 114 58 0.74 0.16 058 26
WS—4 1.80 0.38 1.42 92 0.90 0.10 0.80 29
WS—1 2.29 0.41 1.88 137 115 0.18 0.97 36
Davisson WS-2 2.36 0.54 1.82 14.6 1.18 0.22 0.96 2.8
WS-3 157 0.46 11 12.3 0.79 0.17 0.62 2.6
WS—4 1.90 0.43 1.47 13.7 0.95 0.12 0.83 32
remark : @, = yield capacity, @), , = base resistance at yield capacity, ¢, , = shaft resistance at yield capecity, s, , = settlement at yield capacity,
), = Allowable bearing capacity, @,, = base resistance at allowable bearing capacity, ¢, , = shaft resistance at allowable bearing
capacity, s, , = settlement at allowable bearing capacity
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Fig. 3. Load sharing ratio at the yield capacity and allowable bearing capacity measured form the static compressive pile load

test in weathered soil
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Fig. 4. Load—settlement curves of open—ended steel pipe piles in weathered rock



Load(MN)
5
T
3.20MN |
|
€
E
c
7]
=
2
©
(2]
40 | | —®— Total bearing capacity
—&— Base resistance
—A— Shaft resistance
------ Davisson's line
50
(i) Load—settlement curve (WR-5)
Load(MN)
0 1 2 3 4 5
0 o . . | o .
2.48MN | § 2.94MN
TR R N S U A
s | KN Tl
£ 20
= \
T \
£ \
K} \
+ 30 \
[}
\
@ \
40 { | —®— Total bearing capacity
—=— Base resistance
—4— Shaft resistance
------ Davisson's line

50

(k) Load—settlement curve (WR—6)

Depth(m)

Depth(m)

Load(MN)

—— 0.74MN
—0— 1.47MN
—v— 2.21MN
—&— 2.94MN
—&— 3.49MN

(j) Load transfer mechanism (WR-5)

Load(MN)
2 3 4 5

—&— 0.74MN
—O— 1.10MN
—v— 1.84MN
—4— 2.58MN
—&— 2.94MN

() Load transfer mechanism (WR—6)

Fig. 4. Load—settlement curves of open—ended steel pipe piles in weathered rock (continued)

Table 6. Test results of piles socketed into weathered rock

Yield capacity Allowable bearing capacity
o QMM | @, N | @, M | s om | QM | Q. N | QL ) | s, (mm)

WR—1 3.93 1.38 2.55 7.2 1.97 0.38 158 52

WR-2 419 0.67 352 17.0 2.10 0.33 177 89

WR-3 2,91 0.54 2.40 18,7 1,46 0.29 1.18 56

s WR—4 2.88 0.53 2.39 16.4 1.44 0.22 1.25 43
WR-5 3.20 0.77 249 1.4 1.60 0.22 1.38 43

WR-6 258 0.88 1.70 85 1.29 0.28 1.01 2.1

WR—1 415 1.94 2.21 219 2.07 0.41 1.66 56

WR-2 4,32 1.33 299 258 216 0.34 1.82 9.2
Davisson WR-3 274 0.52 222 16.4 1.37 0.27 1.10 53
WR-4 296 0.55 2.4 17.8 1.48 0.23 125 44

WR-5 3.59 1.62 1.97 215 1.79 0.26 1.54 48

WR—-6 294 1.59 1.36 19.4 1.47 0.34 113 2.7
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d. 5. Load sharing ratio at the yield capacity and allowable bearing capacity measured form the static compressive pile load

Table 7. Allowable bearing capacity calculated by the bearing capacity calculation formula

Allowable bearing capacity (MN) Sharing ratio (%)
Pile No, D (mm) L (m) L/D Q( 1()MN) QM< 2(>MN) Q( 3()MN) @/ @/
WS—1 457 89 19 1.01 0.66 0.35 65 35
WS-2 457 9.7 21 1.06 0.66 0.40 62 38
WS-3 508 9.2 18 113 0.81 0.32 72 28
WS—4 508 10.0 20 1.07 0.81 0.26 75 25
WR—1 457 10,7 23 1.09 0.66 0.43 60 40
WR-2 457 12.8 28 1.21 0.66 0.56 54 46
WR-3 457 1.0 24 114 0.66 0.48 58 42
WR-4 457 1.6 25 117 0.66 0.35 56 30
WR-5 508 13.4 26 1.38 0.81 0.57 59 4
WR—-6 508 13.6 27 1.31 0.81 0.50 62 38

remark : subscript (a=allowable, b=base, s=side, c=calculated)
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Table 8. Settlement calculated by the semi—empirical method at the design capacity

Settlement (mm)

No

Sec S1 i) 53
WS—1 13.6 2.3 10.8 05
WS—-2 139 2.6 10.8 05
WS-3 14.9 25 12.0 0.4
WS4 15,1 2.8 12.0 0.3
WR—1 14.3 30 10.8 05
WR-2 15,2 38 10.8 0.6
WR-3 14.5 31 10.8 0.6
WR—4 13.6 2.3 10.8 0.6
WR-5 16.6 40 12.0 0.6
WR-6 16.7 42 12.0 05

remark :

s... = settlement claculated by Vesic's semi—empirical formula

Table 9. Bearing capacities and settlements at design bearing capacity level

@ Allowable bearing loads Comparison (%)
@ Allowable bearing capacities and and settlements . ) ) )
) : ) Bearing capacity sharing ratio (%) settle
settlements calculated by equation | corresponding to design Bearing capacity
No load levels ment
Q, Qe Q S, Qroor | @ Sy cor
oo @ @/ | B)/() | (8)/() | (2/(5) | (3/6) | (4/7)
(MN) (1) | (MN) (2) | (MN) (8) |(mm) (4) | (MN) (5)| (MN) (6) | (mm) (7)
WS—1 1.01 0.66 0.35 13.6 0.15 0.86 3.1 65 35 15 85 429 41 433
WS-2 1.06 0.66 0.40 13.9 0.19 0.87 29 62 38 18 82 346 46 478
WS-3 1.13 0.81 0.32 14.9 0.25 0.88 4.0 72 28 22 78 328 36 370
WS4 1.07 0.81 0.26 15.1 0.17 0.90 38 75 25 16 84 478 29 401
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Table 9. Bearing capacities and settlements at design bearing capacity level (continued)

@ Allowable bearing loads Comparison (%)
@D Allowable bearing capacities gnd and sgttlements ‘ Bearing capacity sharing ratio (%) . . seitle
settlements calculated by equation | corresponding to design Bearing capacity
No load levels ment
Qe Q. Q. Sec Qo Qs cor Se.con
M) ()| o @ v @) ey @l o) ) o) ©) ] mm) @) @/ | @/ | G&)/0) | ©/) | /5 | QN6 | (A7)
WR—1 1.09 0.66 0.43 143 0.18 0.91 29 60 40 17 83 363 48 491
WR-2 1.21 0.66 0.56 15.2 0.18 1.03 47 54 46 15 85 360 54 321
WR-3 114 0.66 0.48 145 0.21 0.93 43 58 42 18 82 320 52 339
WR—4 117 0.66 0.35 13.6 0.17 1.00 35 56 30 14 86 388 35 389
WR-5 1.38 0.81 0.57 16.6 0.18 1.20 3.6 59 4 13 87 462 47 455
WR-6 1,31 0.81 0.50 16.7 0,52 0.79 2.2 62 38 40 60 155 64 776
remark : subscript (cor = corresponding)
Table 10, Settlements by @, ,.and @, .
Settlements by @, ... @, cor
No Se,cor 5 Comparison (%)
(mm) (1) 5, 55 55 /(2
(mm) (2)
WS—1 3.1 511 1.47 2.46 1.19 165
WS-2 29 594 172 312 1.10 205
WS-3 40 6.48 1.62 3.69 117 162
WS4 38 519 1.58 2.51 1.10 137
WR—1 29 593 1.93 295 1.04 204
WR—2 47 6.47 253 2.95 0.99 138
WR-3 4.3 6.59 21 3.45 1.04 153
WR-4 35 6.05 2.21 279 1.06 173
WR-5 3.6 6.42 2.66 2.66 1,10 178
WR—-6 2.2 11.56 317 768 0.71 525
remark : s, = settlement claculated by @, .,and @, .,
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