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Abstract

Effects of Ground Reinforcement for C.P.R Method

Kim, Jung Han
Advisor : Prof. Ko, Chin Surk, Ph.D.
Department of Energy & Resource Engineering

Graduate School of Chosun University

Compaction Grouting Method is widely used for the reinforcement of
foundation ground and soft ground. More specifically, thanks to its excellent
effectiveness in the entire construction industry (e.g. the prevention of the
subsidence of buildings, the reinforcement of the foundation ground for new
port and the prevention of subsidence of soft ground), Compaction Grouting
Method has been widely used both at home and abroad; yet it has been
developed through field experiences rather than theoretically due to its complex
engineering properties and ground conditions. Compaction Grouting Methods
pumps the low liquidity mortar into the ground, reinforcing the soft ground and
forming homogeneous hardened grout(i.e. multiple effect). However, since the
grout is groundless, this method has the disadvantages of being vulnerable to
shearing force, not being able to transfer the surface load to bearing layer due
to the restricted formation of bulbs in the ground of heterogenous particle sizes
and causing the surface lift and the displacement of peripheral structures due to
the excessive injection rate ignoring soil conditions. To resolve these problems,
a method of installing rebars or carbon—fiber rods in the grout has been
developed with the aim to improve the shearing force and transfer the surface
load to the bearing layers. This method is called CP.R (Compaction grouting

Compound Pile with Reinforcement) method and its excellent effectiveness as an
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alternative to compact but strong piles such as micro-pile, file, helical file and
screw pile has been proved.

The purpose of this study is analyze the bearing capacity of C.P.R pile with
improved vertical force and shearing force through pumping low-liquidity mortar
into the ground to compact and reinforce the peripheral ground and form
cylindrical columnar structure and installing rebars as stiffening members at the
same time. To achieve this purpose, the author formed the compaction grouting
piles(D400 and D500) in the multi-layered ground and inserted SD300 rebar. To
ensure the quality of test injection, the injection amount and pressure were
monitored using CAMS (Compaction grouting real time automatic monitoring
system). For for strength of CPR npile, the author applied =120 N / mr
conservatively, and formed 4 test piles and 10 reaction piles to use as reaction
for load test piles. The test results showed that N value of standard penetration
test increased 1696 ~ 63% after construction, indicating the compaction effect
of peripheral ground increased the relative density. The behavior of injection
material was analyzed using a strain meter. The phenomenon of the flow of
injection material into the buried layers and sedimentary layers with low
relative density was identified from stress variation values.

For 4 test piles, compression load test was conducted. In this test, the
suggested allowable material strength was 436 kN and 648kN for D400mm and
D500mm respectively. However, the allowable bearing capacity based on DMX
turned out to be 489kN(D22) and 522kN(D25) for D400m and 565kN(D22) and
591kN(D25) for D500mm. When BS was applied, the allowable bearing capacity
was 366kN(D11) and 376kN(D25) for D400mm, and 482kN(D22) and 510kn(D25)
for D500mm.

The shape of test pile bulb for test specimen #4 was measured. The results
showed that large bulbs were formed in the ground with relatively low N
value, whereas small bulbs were formed in the ground with relatively higher V
value or neat ground surface. When the measured cross sectional area was
applied to the strain rate of axial load transfer test, in the case of C.P.R piles,

the bulbs formed excessively in the soft ground bear the majority of the
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transferred load and the skin friction force sharpy increased due to the increase
cross—sectional area of bulbs, resulting in loose load transfer in the next depths.
Dynamic Load Test was also conducted to analyze the allowable bearing
capacity. The results of CAPWAP analysis indicated 3979 kN ~ 510.3 kN
which were lower than 4335 kN ~ 6380 kN by Davisson’s Method(
8096-91%). When this result was compared with the allowable bearing capacity
from Compression Load Test, it was underestimated by 90kN and overestimated
by 73kN, implying that this error was caused by the irregular cross section of
C.P.R piles during Dynamic Load Test.

The allowable bearing capacity obtained from Pull-out Load Test was
analyzed. The results showed that in the case of the allowable bearing capacity
based on 159 displacement, it was 250.3kN and 243.6kN for D400mm specimen
and 346.7kN and 300kN for D500 specimen, implying that if the planned
allowable bearing capacity is pullout capacity, it will be smaller than 300kN by
H50kN for D400 and smaller than 450kN by 100kN for D500mm.

The author analyzed the test results in this study; devised methods to
increase the strength of injection materials and the stiffness of piles and applied
these methods to 2 building foundations in conducting Dynamic Lead Test. As
a result, the allowable bearing capacity of 824.2 kN ~ 8315 kN and 578.6 kN
was derived from Site A and Site B respectively. These results indicated that it
was smaller than the hydrostatic allowable bearing capacity prescribed in
Architectural Structural Design Guidelines (95.9%~97.796). However, if it is
divided into ‘end bearing capacity’ and ‘skin friction force’, the end bearing
capacity is overrated (more than 200%) whereas the skin friction force is
underrated (96%) or rated similarly.

The bearing capacity of C.P.R piles was analyzed through applying a
numerical analysis. The results showed in both Compression Test and Pull-out
Test, the maximum displacement took place in the vicinity of the surface
whereas the minimum tool place from the half-way point in the buried layer,
which is the similar tendency to the results of Axial Load Transfer Test.

Various test results for C.PR piles test specimens were analyzed. The results

— XIII —
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showed that the load transfer did not take place until the end due to the
properties of CPR piles whereas the bulbs were formed excessively in the
relatively soft layers. Thus, considering the stability more compared to the
conventional hydrostatic bearing capacity, the author suggests the hydrostatic
equation for C.P.R piles as follows: Q, =5.0N,(g, < 750)-A4,+0.36 N, (N < 50)-A,,
wherein the end bearing capacity constant is reduced to 5.0 and the skin
friction force constant is increased to 0.36. However, considering the properties
of CP.R piles, there is the necessity of accumulating a wide range of data with
varied ground properties values, injection material strength and quantity of
reinforcement members. Ultimately, it is required to calculate the correlation
function which fits the properties of the ground in Korea through aggregating a

large amount of data.
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Figure 3.1 Layout for Test program
312 Ag 45 A4

FIA A IS AR 2-ste] £, = 80 N/umi~300 N/ufo =
g3t & AdFE A A 25 FUA AEeE fi = 120 Nl 2 H4F

Zez AFstn, BT D2, D25 =719 SD300(f, = 3000 kgf/cr) <l
A A 7S AgAe] Al wsoew HEAEe H = I8¢

At A2 g oFshd Table 313 £t

Table 3.1 Calculation results of Maximum-Allowable compressive stress for

column material

AHA e dExRe 5 ) = 9]
7 2 ANYEYE | HEFEGE |
27| BAA (KN) (kN)
A#A No. 1| DA0 | D2 16194 492.3 1.7+ (SD300)
A#A No. 2 DAO | D% 16539 436.3 1.7+ (SD300)
A#A No. 3| D500 | D22 246777 634.3 1.7+ (SD300)
A#A No. 4| D500 | D25 2502.1 648.3 1.7+ (SD300)
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B ne) AtEas 2 s 8QEeT 4 AL A olge 2
(PE ) 2AA I FEA, (DA FE 5], 2009, pp296, pp299)

Q=[fa - Actf, A (keN] (2] 3.1)
f o = Con'c =71 = 120.0 (kgf/cm)
A, = Con'c @A (HH 274 400 m*-§) = 1252.8 (cm)

3000.0 (kgf/cm)

P
Il

s
=~

Il
i
rl
to,
)
-
[\l
[\l

3
%®

I

3.9 (ar)

161.9 (tonf/ea)
1619.4 (kN/ea)

Q (25A=RS AUASFAE)

Q=1[f,/4(<8) - A . +0.4 - f, A AkghH] (A 3.2)
Fo = Con'c =4 = 120.0 (kgf/cn)
A, =Con'c &8 (dH A7 400 mn*-&) = 1252.8 (cr)

3000.0 (kgf/cm)

P
Il

A, = A9 (D22 H4) = 3.9 (ar)
Q (F=EARS FLUYFAS = 42.2 (tonf/ea)

422.3 (kN/ea)

g719] Con’cel =
Amel HeEsEe mAA 2 AAe] wel DI00S] F9 4223~4363 kN/2
D5002] 7% 634.3~648.3 KN/ 2
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Figure 3.2 Lavout of Column loading test for C.P.R

Table 3.2 Maximum Loading Plan & Quantity according to Test program

sFagets | A e e
NgER | wway Agew o ooedE AWARSE L,
(kN) (KN)
D=400 mm 2 422.3~436.3 1,200.0 No. 1, 2
R ERE
D=500 mm 2 634.3~648.3 1,800.0 No. 3, 4
D=400 mm 2 422.3~436.3 - No. 1, 2
54189
D=500 mm 1 634.3~648.3 - No. 3
D=400 mm 2 - 1,200.0 No. 5, 11
Q)13
D=500 mm 2 - 1,800.0 No. 8, 14

Collection @ chosun



&0 2 °oF 100m A F

o)
[=3)

18] ZAA

T -
-

fol B4 A

S

el A

iy A =]
g gy

7F

= HAaL, At

ur
=

0
‘Z_O
N

I
%0
RO

XU s MSSEIA A

CHRZ A

7B A

g

Hat

MFAA

&

Ry

EE

1/3, 000, 000;

=5

I

100km

50

Figure 3.3 Test program location map

322 Al&A Az A}

Al&d CPR #5 A8 74 Figure 349 &o] &fFof 29 2740 A F g

KS F 2307

PAEL

s

2]
uK

oF

Collection @ chosun



5/30~16/30 &=

20%~50%=2 FH .

%
GL-32 m~-85 m ©°|H,

A Az 2AE QT Ngk

] o =
=7 -

= E7H A
o] FA
2 Nzt

=

)

LS

|

Ton

T
R

‘Z_O

)

14/30~32/30, A1 &< A=

o
T

=
o

A

SEZFS FA7 1.0 mE F

50/22~50/25

Hio

2

B

e

B8R

"o

"
4

rze]

—/A
WY

iz

BEATE A

=
=

GL-2.8 mol A

At

3

GL-9.0 m H=7F4 AE

o

Mo

K| K
—_—
&
N

8,000

2,000

2,000

2.000
/No.10 *.”No.11 ‘ONo.m ONO.lS 'ONO.M

2,000

Figure 3.4 Lavout for soil survey

£ Table 3.39]

B8R

—_
"o

o]

2| Figure 3.5¢] A&

S

7=

Collection @ chosun



Table 3.3 Analysis table for soil survey

AT | =T >
:rL %i_ Eéﬂ = S o"l‘yﬂ ?_%_].'LH%— _NX]
(m) (m) (%]/cm)
=] gk
1

MAE | 0~32 | 32 |HEA AL AT 4| 530~16/30
/é]

A% | ®mH= | 32~85 | 53 Aea 2 14/30~32/30
1=y
1 igs ol %]—&117
zaE=| 85~95 | 10 - 50/22~50/25
A=
Z3tor=| 95~100 | 05 oryl 49l R 50/9~50/5

£2
e

g
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LI 111
i
i
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JBqLER]
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N 3Eiaer g

Figure 3.5 Cross section of soil layer
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Table 3.5 Results of aggregate properties test

ANAEH w4 Al vy R H] a1
4 = g/cm” | KS F 2308 2.67
St % KS F 2306 75
AHER]L0.08mE A=) | % KS F 2309 9.7
ST - KS F 2324 SW-5M
AP T Al w9 Al A3 H] a1
244 Gravel (75 mn~4.75 mn) % 5.0
¥ Sand (4.75 mm~0.075 mm) % 35.3
KS F 2308
AE Silt (0.075 mn~0.005 mm) % 3.1
HE Clay(0.005 mn ©]3s}) % 1.6

ARIES A8 A& [y = 120N/m7} SEE =S 280 kg/m'S wIgshaich Wl g
Sem °lstE KAk 98 2004 /mwE VEeE W gttt
Areted -t

Table 3.6 mixing ratio of compaction grout(m')

i o A & A
&= Al B & Slump
(A3) (EAD)
fa = 12.0 N/mrf 280 kg 05 05 200 + 50 L| 5 cm®]s}
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Figure 3.7 Real-time monitoring for injection pressure and

system

Table 3.7 Injection log data of C.P.R

volume by CAMS

Collection @ chosun

Hole | A& . FUF o+ -

No. | A% (m°) (MPa)

Nol |90 m D400 mn| 1.25 m' |1.08~3.24 MPa w5, sACAEE

No.2 |90 m D400 mn| 1.28 m' |0.78~2.94 MPa =, sASAIE

No3 |90 m D500 mm| 1.64 m' |0.838~2.75 MPa w5, sACAEE

No4 |90 m D500 mn| 2.05 m' |0.78~2.94 MPa w5, sACAEE

No5 |90 m | D400 mn| 125 m' |1.08~3.53 MPa| Hb=E-F Q1A slA &%

No6 | 90 m | D400 mmn| 1.19 m' |1.27~3.43 MPa Rl

No.7 |90 m D500 mn| 2.10 m' |0.838~3.14 MPa Rl

No.8 |90 m | D500 mn| 232 m' |0.78~3.14 MPa| Hb=E-F Q1A slA| &%

No9 |90 m D500 mn| 1.98 m' |0.69~2.55 MPa Rl

No.10| 90 m | D400 mm| 1.35 m' |0.59~2.26 MPa Rl

Noll | 90 m | D400 mm| 1.28 m* 0.98~3.33 MPa| W&EH& AAAsIAH S

Nol12 |90 m D500 mn| 2.0 m' |0.78~3.14 MPa Rl

Nol13 |90 m D500 mn| 2.1 m' |0.93~2.06 MPa Rl

Nol4 |90 m |D500 mm| 1.95 m* | 1.08~3.82 MPa| W-EH-E AAAsIAIH S
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Figure 3.9 Schematic layout of installing for sensor of load transferring
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Figure 3.10 Processing of sensor Figure 3.11 Waterproof coating of

installing surface sensor

Figure 3.12 The primary Figure 3.13 The secondary

waterproofing and wiring Waterproof processing

Figure 3.14 Installed sensor(1) Figure 3.15 Installed Sensor(2)

(*ICollection @ chosun



2]
T
H of ﬂﬂ do X -
R\ A/ oF X W
Moo T T o ) w2 = o
O_ Al ~ ,L§| X < ~ © v
Sl o 2 IR o = B X
= g X o W 5 N _Lmt ]
T E T 8z = ® Ao AR )
B X0 T & by oF o X B N B2
o R < — X o s 50
B T S fo- B T nwA = w w oo ML
DA B ﬂ_m S ® ook _1,7% <0 = W ol of ¥
1 No = N ) — o KR bty o
AT o) — N 0 e -
T X B E W XE CO S x OM w_uﬁ
oy : J T o
ey F o H T E B g R L
S.nznﬂTma;oL 3 o ufﬂﬂooﬂa
mumuao_p%moﬂ%_?ﬂ @rdr.@rﬁ%%
@) A
m?@@%%@%ﬂﬁ %%%@ﬂ&
T =R O FEA
< LC ~— o 3 g H_T A
5 oF w o w N R o X ~ M B e
=N B o mo < of NN oQ To
i o N To- M_ MT = o N m_ = q
T g ™ go X2 ST LT I Wl omox o
&Ko e ol o oF o oo i ~ B % =) AR X oR
o % @ 1@%%3@41&%@@3@#
X o _ bty S Ao oF = P = N E o] M
— i X 0 oA XM aurﬂo@io_ufmﬂmo
N = B Do U Do 2 Mg 0 F
N X R oo ER = RIS o o oI <O Kool & S o
o ) = - 2w o-E = - =T 5 TR o i
~ D o s = o B W ow L %O _ < o W ol
B A = A= ~ Mo ﬂ%%%%ﬂﬂ%@@lﬁ
= s s W T o < 9 ST 1}ﬂ2mmoﬂaov
o _%H NS W o« 'y o WT N o e = T W o w L~ = i T mt
£ e d T w o e A S ¥ ook
; o T # X2 )@.%_z BT ok kﬂﬂ?wq
o AR B e F = o 2 " ol = Mo o oz o W
@ gx o 0 0 H ﬂmﬂusm %ﬂ%ﬂz%m%%@mm
= £ W mgaﬂo_o?ﬂ1m_ﬂuriw1 o 2o
| N T e & w g N T ol ST Mo o
m EM%T@,%%%O%%ﬂ%%ﬂmﬂm%
xuWLM%mﬂ@ #o.,ommozwzrﬂwNﬂBE
— I ~—
Il E@Hﬁazng_}_ﬂz
ZTV ) _— T W < % o
X 7 J) %o Iy mm W o Wi
G G = R R

— 36 —

Collection @ chosun



0:50 S1 Top-0.3m Groupd ift up
===0.3M(S-1)
1.0m
2.0m
0:40
4.0m
0:30
=
£
T
'go-zo
= 5.0m
6.0m
0:10 7.0m
8.0m
0:00 9.0m
0 1000 2000 3000 4000 5000 6000

o(kg/an’)

Figure 3.16 stress distribution graph of soil

during Grout injection (S1 Top—0.3 m)
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Figure 3.17 stress distribution graph of soil

during Grout injection (S2 Top-0.8 m)

— 37 —
Collection @ chosun



0:50

0:40

0:30

Time(min)

o

0:10

0:00

S3 Top-1.3m

Groun

—1.3m(S-3)

U

0

1000

2000 3000

o(kg/an’)

4000

5000

lift up
1.0m
2.0m

3.0m
4.0m

5.0m
6.0m
7.0m

8.0m
9.0m

6000

Figure 3.18 stress distribution graph of soil

during Grout injection (S3 Top-1.3 m)
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Figure 3.19 stress distribution graph of soil

during Grout injection (S4 Top-1.8 m)
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Figure 3.20 stress distribution graph of soil

during Grout injection (S5 Top—2.8 m)
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Figure 3.21 stress distribution graph of soil

during Grout injection (S6 Top-3.8 m)
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Figure 3.22 stress distribution graph of soil

during Grout injection (S7 Top—4.8 m)
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Figure 3.23 stress distribution graph of soil

during Grout injection (S8 Top-5.8 m)
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Figure 3.24 stress distribution graph of soil

during Grout injection (S9 Top-6.8 m)
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Figure 3.25 stress distribution graph of soil

during Grout injection (S10 Top-7.8 m)
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Figure 3.26 stress distribution graph of soil

during Grout injection (S11 Top—-8.8 m)
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Table 39 Pre & Post SPT on Test program

Al F A Al E .
" = BH-1 BH-2 CH-1 CH-2 Nk a5
15 16/30 14/30 18/30 17/30 it 257} (+16%)
2.5 6/30 5/30 8/30 10/30 it 257} (+63%)
3.5 14/30 15/30 19/30 21/30 it 557} (+34%)
4.5 23/30 20/30 25/30 27/30 it 557} (+23%)
b.b 20/30 19/30 26/30 25/30 Wt 757} (+36%)
6.5 22/30 24/30 23/30 30/30 it 257} (+16%)
75 32/30 30/30 35/30 32/30 it 257} (+8%)
85 50/22 50/25 50/20 50/18 H 457} (+169%)
95 50/9 50/5 50/7 50/6 NHF T 157} (+7%)
N gt
. UO/BO 10/30 20/30 30/30 40/30 50/30 50/20 50/10 50/1
1.0 —e-F01ld BH-1
2.0 e —=—%9d BH-2
-q\,’_‘? {
= S | e "B 9% CH-1
T 4.0 .-\‘1;\-.__ . —
'.__1‘ \i-.__’ S = ‘j;?; CH—2
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wE e
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e e
9.0 e
8
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Figure 3.27 Graph for Pre & Post SPT
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Load ox pile hea

Load on pile head in { ton)
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Figure 4.1 Example of Analysis Figure 4.2 Example of Analysis
method by P-S curve method by Log P-Log S curve
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Load on pile head in (ton)
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Figure 4.3 Example of Analysis Figure 4.4 Example of Analysis
method by S-Log T curve method by Davisson
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412 49 2 A9

1) W& A5 (R .Pile)9] ¥

(1) CPR #5(D400 mn)
FH Al 5 845=1,200 kN
T ”"5?— Aol B 1,200/4=300 kN/12(Q1=)

T =

< D22(SD300) AH&& 7§

< D25(SD300) AH&& 7d-¢-

g 147

AFE oA =

[ 1l

F7}2=813 kN/17}eho] 2 & 47}t

1064 N/17}eho] m s 37}et

Table 4.1 Layout & applied planning of tension re—bar for reaction pile(D400mm)

AFAE | A AT s o F% F "ado] Hl o1
D22 4 2.3 m 0.4 m 2.7 m
D25 3 28 m 0.4 m 3.2 m
D25 4 2.0 m 0.4 m 24 m
D25 4 25 m 0.5 m 3.0 m A &
Hhe b Ere) nhelg Q1A g Ak A 3HD400)+ of# ek 2ok
L,=TxXSF/(rxdxT,) (2 4.1)
T A Ak (2H8-31%) = 8,000 (kg
S‘F obH& = 2.0
T 3.14 = 3.141
d Aol A4 (D25) = 25  (cm)
T, & G528 E (F A A=120 kgf/ent) = 10 (kgf/cn)
L, = 203718 (cm)
= 20  (m)
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(2) CPR 2=(D500 mn)
)2 & 8FE=1,800 kN
Fw g 4R o] 1.800/4=450 kN/13(¢] LE'ﬂ)

1A D22(SD300) A& 49 AFE 9184 =813 kKN/17FHe| 28 6714
48
1A < D25(SD300) AH8E -5 AHE 17 ==1064 kN/17}g ol B & 5714

)
o

Table 4.2 Layout & apply planning of tension re-bar for reaction pile(D500 mm)

QFAE | g AF | AT | A%F | F @sdel | u x
D22 6 23 m 04 m 27 m
D25 5 25 m 04 m 29 m
D25 6 20 m 04 m 24 m
D25 6 25 m 05 m 30 m N

pbe o] g dAd R A AIHD00) = ofE ek 2

Ly =TXSF/(nrxdxT,) (2 492)
T : A A stE (2&51F) = 10,000  (kgf)
SF 1 A& = 2.0
T : 3.14 = 3.141
d oA AA(D25) = 25  (cm)
T, =  3FHEFIFSHE(FUA=120 kgl/crr) = 10 (kgf/cn)

L, = 254648  (cm)
= 25 (m)
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L,=TxSF/(rxdxT,) (2] 43)

T = AASS(FEsE) = 8000  (kgf)
S'F & = 2.0

T : 3.14 = 3.141

d Do AHe] A74(D25) = 25  (cm)

T, & 8523 EH S (F YA =120 kgf/crf) = 10 (kgf/cm)

L, = 203718 (cm)

= 2.0 (m)

(3) WhH e AlYE 1AE(SD300) M A =

CPR D400 CPR D500
D25 7F &) D25 7} =)

ut

80 120 | 120 80 100 150 150 100

400 500

Figure 4.5 Lavyout of Tension re-bar for reaction pile
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1) SAZA 4A 2 B

Astslas W AL -2 Data-logger(TDS-530, 60CH, % 7] A 3dk2])e| &) A&z
e AAlshE AE dFoE stk

GAE Al FetkEo Alstels 5000 kN &= #§ Jack 171E o]&3stm A stst
9 HA4L 2= A(Load Cell) 1x2E AHE3sto] ST

Astslael o3k L& Hst#Ee Steel band ¥ Magnetic baseE Ab&3sle] HiE
FEAe] 180°7tA o2 2719 GaugeE HF Al AlgEE £ 2719 Reference
beams A ste] FASIY FAHAILL 7 stedAA At fEd ¥ sdo}
Al 5 et AAls Tk AFESHE Gaugew HU 100 m7bA] S o] 7Hed Ao
2A A SAGE = /1000 m7bA] 574 sk e ARS s

Al gE2 25y dde olsdS AXsaL, F75 Mortar Cappinge

AAlst7] A Chipping #H-2 AAlske] Astetse] o7t Soist= A shlvh

CAPPINGS F4 = MortarE 50 mn F7A% 25 Ao elAdsia, gldHe $F
FFT Ae FAGG M, AT FAL ANed A F FrRiEes
A A gel eRE HaA st
5 CAPPING (% CON’C)
A8 G.L
L RN

Figure 4.7 Head capping of Test pile
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Astele Ao A Fe) 150 ool AstEAe Agskn, @9 82X A AY
3ol A9DEe] ANS WAS] SAste] APLHA FH, FHE RFo] o
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1500, 1000, 1000 ;1500
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Figure 4.8 Schematic of layout for compressive load test(Front view)
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Figure 4.9 Schematic of layout for compressive load test(side view)
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Figure 4.10 Analysis of P-N-S curve (Test pile No. 1)
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Figure 4.11 Yield load by P-S curve (Test pile No. 1)
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Figure 4.12 Yield load by Log P - Log S curve (Test pile No. 1)
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S — Log T Curve
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Figure 4.13 Yield load by S-Log T curve (Test pile No. 1)
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Figure 4.14 Yield load by Davisson’s curve (Tset pile No. 1)
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2) A1 A No. 2(C.P.R D=400 mm)

o 4 AR e 179 At skebAlE AdEEd HekEe vErlno)

1080 kN¢SI 18FA A HH FA% Hslaks Jedlthrt 1,220.8 kN A8} ©A| ol A
AsIA 78 10802 = Alst 27 79.025 mm= LEAH 10%E x3s= A

stego] QAT A

k)
Reese (Su @ 254 mm SF = 20), 9= BS (Su : 01D SF =

A3E 9=re] HAV]EF Terzaghi & Peck, Touma &
3.0)¢ 71 95k

Ha3s E 7%7% 1§ A A 8L Zh7F 5223 KkN/+E, 376.8 kN/ZS = vEphtar §)
t}(Table 4.4 %)
@ & A% B4
Steg SHAA = vd AHAsEFE A & HskE &4 71.69%5 mE E
o ks B4R 2E A9 25%10.0 m7H)E 236 FHskEe] #9l
= 3t
Table 4.4 Determined by settlement criteria
P2 Zo FEF | AE | 6 exA
i e H] 51
(KN/3) (SF) (KN/+)
25.4 mm 1,044.6 2 522.3
A AN E
10.09%6D(40.0 mm) 1,1304 3 376.8
o Aty 25%D10.0 mm) - 2 -

Collection @ chosun



Load (kN)

o 0 200 400 600 800 1000 1200 1400 1600
bt .‘\

10 Tt

20 \
e N\
E 30 [Terzaghi & Peck(linch=25.4mm, F.5=2.0), Qu=1,044.6 kN|
S 40 | | | f f f
g 5 | BS Code(10% D=40.0mm, F.5=3.0), Qu=1,130.4 kN | \
U
e \
& 60

70

4
L\\ l

80

90

100

Figure 4.15 Analysis of P-N-S curve (Test pile No. 2)
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Figure 4.16 Yield load by P-S curve (Test pile No. 2)
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Figure 4.17 Yield load by Log P - Log S curve (Test pile No. 2)
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Figure 4.18 Yield load by S - Log T curve (Test pile No. 2)
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Figure 4.19 Yield load by Davission’s curve (Test pile No. 2)
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i e H] 51
(KN/¥-) (SF) (KN/&)
L 254 mm 1,131.8 2 565.9
A AstEriE
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& ety E | 25%DA25 mn) - 2 -
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Figure 4.21 Yield load by P - S curve (Test pile No. 3)
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Figure 4.22 Yield load by Log P - Log S curve (Test pile No. 3)
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Figure 4.23 Yield load by S - Log T curve (Test pile No. 3)
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Figure 4.24 Yield load by Davisson’s curve (Test pile No. 3)
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(KN/¥-) (SF) | (kN/¥)
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A AstEriE
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& ey E | 25%D(12.5 mn) - 2 -
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Figure 4.26 Yield load by P- S curve (Test pile No. 4)
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Figure 4.27 Yield load by Log P - Log S curve (Test pile No. 4)
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Figure 4.28 Yield load by S-Log T curve (Test pile No. 4)
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Figure 4.29 Yield load by Davission’s curve (Test pile No. 4)
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Figure 4.30 Result from Load test of all piles
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Sk Nzl @ B &AL T Table 477 21},

Table 4.7 Allowable bearing capacity of pile by settlement criteria

2 v S & &2 A & (kN/2)
A1 9] AetalE | Aotk etk AHeHF Ve | oA VIE
(N/2) | () () 954 4| 1096 D] 10.0 mm(2.5%D)
Al A No1(D=400 mm)| 1,260.0 | 77.670 | 69.230 | 489.2 | 366.1 -
Al A No.2(D=400 mm)| 1,2208 | 79.025| 71.695| 522.3 | 376.8 -
Al A No.3(D=500 mm)| 1,498.8 | 74.475 | 64.760 | 565.9 | 482.9 -
Al A No4(D=500 mm)| 1,530.0 |61.255|51.035| 591.1 | 510.0 -
2) 35-Qa T o FuaF ¥A nF
B oAgene) F-gs Hdel 9% FEalE BA Aok Bagel o 4
At 7)) SEAAY o) w FaEAEE Aol 9ot Davisson's
qe BAFA FaBARAJEY Do FAL FA vtEol JyHow F
Bl e e Aoed T OCPR 2% A4 #3 BAMon o e
A e s
GR350 % 980482 L Table 48 4k
Table 4.8 Analysis of Allowable bearing capacity load by Load-settlement curve
8471 7] 2 (N/3)
REEE W 3
P-S logP-logS | S-logT | Davisson's
AlE A No.d (D=400 mm) 530.0 486.7 540.0 346.0
AlE A No.2 (D=400 mm) 511.6 498.2 510.0 323.8
AlE A No.3 (D=500 mm) 675.1 667.1 749.4 354.2
AlE A No4 (D=500 mm) 558.3 560.7 765.0 213.0
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Table 4.9 Calculation output value of Pile Driving Analyzer
(Pile Dynamics, Inc, 1993)

=94 W&

CSX (FMX) Gauge 917 <1M 2] Al = &4 (o 45)

CSB (CFB) | 2% Awyolde Hul 4% ¢ (A 452

TSX (CTX) DE] Agets Hd A S EHd dEH)

DMX Gauge 1Al 9] Hd HE

EMX Gauge $1=|oX ] Hu Fetol =]

ETR qA ALE

BTA 25 &4 A5E Yehdle dd = A
RTL Z59] Total Resistance (B4 + &4)

RSP (RP#) Caseel ol& A4 =3 AA% (RSP w/JC=04)

RMX (RX#) Case®™ ol 9% o A4 =3 AX8 (RMX w/JC=04)

RMN Case® o] 93 HA& A2 =3 A==
Early unloading & X®A3$ AH =3 Xx& (RSU
RSU (RU#)
w/JC=0.4)

123 SANAD T 2 A

28,
o

B Agel A9E FEAaAE AFANol, No2 Nool Ade Ada
o, AGA No. 4% 4EASAGA 937} Saste] 1 AR AAHA
o,

ARAY B AL okshy ol Table 4103 2.

\‘|O
3
50,
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Table 4.10 Specification of Test pile

dEAl YR -
=
T o] H] 31
A& A

T = 7] LERANS -
AlE A No. 1 D400 D25 90 m 84 m Restrike
A& A No. 2 D400 D22 90 m 84 m Restrike
Al A No. 3 D500 D22 90 m 84 m Restrike

F2) Restrike(AFEL A1) ; AlgTE 5 7ol FagE A-ANAM AR Aldez A
@ [

el & A7t o]l wE AR el W3 (set-up or relaxation) #¢1-8 EF o=z 3}

FAFADE FEAANG BB T FHASAG] WE AY FEA Fue)
A A 4908 9o

2 CAPPING (5% CON’'C) gl o
= =
s A A A
S x
% % 7
5 o
o
S| =
A A
(S=270, A=27D) | ¢
\ 1261 Vo

800

Figure 4.38 Schematic of lavout for dvnamic load test
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424 EAFANE A 2 BA

il

5 55 58552 Agstelol Gk &l WAHE A
AR A [FREAZAANE] GeE FReF] e 202 FHF
msw—b— 309 b &S H g3 ol stk

Table 4.11 Factor of safety for pile capacity

Method of Determining Loading Minimum Factor of Safety

Capacity Condition Compression Tension

Prediction to be verified by
Usual 2.5 3.0

pile driving analyzer
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1) ¥4 2
FAFAGA DY A

Table 4.12 Summary of Analysis results

ZAaE Q.oFstH ol Table 4.12%9F Zth

AEHA No. 1| A18A No. 2| A4 No. 3
=4 &e CPR C.PR C.PR
D=400mn Pile | D=400mn Pile | D=500mn Pile
= BAS 43] 33] 23]
@ BN
w4 BN. 4 BN. 3 BN. 2
ER(H A WH) 250 kN - m | 250 kN - m | 25.0 kN - m
@ seteldA] | EMX
. 76 kKN - m | 183 kN - m | 138 kN - m
(Z4PDA)
@ M EE(ETR = EMX / ER) 304 % 732 % 552 %
. FH-SEH(CSX) 75 MPa 14.1 MPa 7.1 MPa
@ 453
A= (CSB) 6.6 MPa 109 MPa 9.2 MPa
(712 40A40)
A& (TSX) 1.2 MPa 46 MPa 0.4 MPa
® BTA-Z59] HA%E(%) 77 % 72 % 76 %
® srepr] EE 9] XX H(RMX) 1,042 kN 1,021 kN 1,036 kN
@ #HFE #HYJ 4ol (LP) 84 m 84 m 84 m
1) BN ; Blow Number(A§ Al 4o AM&-H e} 3¢ 93)
F2) CSX: UEFH(gauge AA) oM 9 Hug3=34
CSB: & AgFo Ao Hud=S¢
EMX: &5F5(gauge 912l AGH ElFH A
ETR: 6Fd1A dg&
TSX ; g5 #gate A dFgs9
%3) FHWA DRIVING STRESS(fca = 0.6 f,)
T4) FESEHEIGEH); =58 A FASAIA AR CSXAAM YA NA 2 Hd
d=ee) A CSB(EEATAA Y A= ehFT =2 FAE 443
F5) BTA(EE S AAE)=80% oY A$ EUd%(Working Pile)o2 AR 7153y, £
HAFe] AFLEHE9 BTAGET2~T77%)9] A9 4535 Capping Al 274 65 cm=Z
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2) CAPWAP #2443}
NEARRE o] fste] CAPWAP #4242

AAg AgEe Table 41373 Zrh

#HEF HYgHEFL Case 4 2] YElH DFEN(Final Displacement)2 715 3% 2.1,

D HebEE Rb - @A E) Ru ¢

Table 4.13 Analysis results of CAPWAP

AAAA G o]},

HET s
gapa| TET] CAPWAP Method |y gg | 10
Al A U AAH | oH 2
(m) (S.F)
Al A
1.0 6.0 7192 | 2960 | 10152 | 25 406.1 Restrike
No. 1
Al A
1.0 12.0 608.1 | 386.6 994.7 25 3979 Restrike
No. 2
Al A
1.0 7.0 712.0 | 5638 | 1,278 | 25 510.3 Restrike
No. 3
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5000.0 kN —— Force Msd

— — Force Cpt

5 i 125 ms
32L/c
-3000.0%
Load (kN)
0.0 0.0 375.0 750.0 1125.0 1500.0
: 1 : ; Pile Top
I g i : —_——
= B Lmzza 2 P S, fecanzz Bottom
g I i :
g 1 i :
Pt I | | Ru = 1015.2 kN
5 S~ | | Rs = 719.2 kN
g 100} -----T= - o Rb = 296.0 kN
(] | | |
3] ! . ! Ry = 6.0 mm
—‘g : : : Rx = 12.0 mm
'CQ | | |
SETY] B P A e s
20.0 ‘ ' ‘

Figure 4.39 Result of CAPWAP (Test pile No. 1)
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8000.0

—4000.0 —

0.0

10.0

20.0

Displacement (mm)

30.0

40.0

kN

—— Force Msd
— — Force Cpt

Load (kN)
0.0 325.0 650.0 975.0 1300.0
N [ i E
N ! . |
AN 1 | |
N 1 :

N | |
______ NG N
Al 1 |
N l |
e l :

' | |
L | |
N Rk e e
N | ! 1
Y 1 |

31 L/c

Pile Top

— — — Bottom

Ru = 994.7 kN
Rs = 608.1 kN
Rb = 386.6 kN
Ry = 18.8 mm
Rx = 28.8 mm

Figure 4.40 Result of CAPWAP (Test pile No. 2)
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2000.0

—1000.0

0.0

5.0

Displacement (mm)

20.0

— kN

10.0

15.0

0.0 400.0

Load (kN)

800.0

1200.0

—— Force Msd
— — Force Cpt

1600.0

135ms

34 L/c

Pile Top

— — — Boftom

Ru = 1275.8 kN

Rs = 712.0 kN
Rb = 563.8 kN
Ry = 3.8 mm
Rx = 9.8 mm

Figure 4.41 Result of CAPWAP (Test pile No. 3)
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3) st —-AsaA A A3 (Davisson‘s Method)

B oaage eE-damde w@%e Wy 9w, 9%e A4% And
OFFSETS ol &3}e] #8a% 8 Pale wgolth o Wyowky 7 d3a3
o obil & 202 Hga)

B oalage AeaAe olgel 2

D E-WeFAL THv
@ A

Settlement (mm)

=2 wet dHoEZHHe Ay X9hg "Hoxl HozHEYH B4 o=
A X

I HeA AAE EARI STl FeeE A

sl B h=w AXg A X9hE "oz =AlE AHH s3]
s el s BRAN A sfEew Ao Dk A/B (AFAT BIHA
< )
Davisson ¥ oA d&835t52 P-S+X4 3} Davisson's Offset Limit Line™}
o] mAHo R B}
Load (kN)
0 0 150 300 450 600 750 900 1050 1200 1350 1500
5 ( X)) 00t | N
N AR —— A 105 )
15 [Failure Load=1,015.2 kN}-7 3.549 O+X)H
20
25
X =3.81+D/30 mm = 7.143 mm
30 D = PL/AE = (1,500 kN x 900 cm) / (1,256.6 cm? x 1,677 kN/cm?)
= 6.405 mm
35
40 |
-—— 4J=PL/AE
45 —— Davisson's offset lines ||
—— P — S Curve
50 : :

PILE No ; Test #1(CPR D=400mm Pile)

Figure 4.42 Davisson’s Method (Test pile No. 1)
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Load (kN)

0 0 150 300 450 600 750 900 1050 1200 1350 1500
(X R R
5 == —
[ ey L T
10 H7.143 X)| I—
) e
g 15 / \
= 20 {Failurc Load = 866.9 kI\'}/
[0}
z ; ; ;
L 25 X = 3.81+D/30 mm = 7.143 mm
© D = PL/AE = (1,500 kN x 900 cm) / (1,256.6 cm? x 1,677 kN/cm?)
v 30 _ ~
= 6.405 mm
35
40 = J=TPLIAR a
45 —— Davisson's offset lines |
—— P — S Curve
50 I i H
PILE No ; Test #2(CPR D=400mm Pile)
Figure 4.43 Davisson’s Method (Test pile No. 2)
Load (kN)
0 150 300 450 600 750 900 1050 1200 1350 1500
O (e
[ T D A e e -
s LA® T TS
wolzis Er\\ [6.405 D) ]
G Failure Load=1,275.8 kl\'74\
E 15 [Fallrs Toa - 13519 O+ OT
= 20
&
o 25
I3}
]
o 0 X = 3.81+D/30 mm = 7.143 mm |
35 D = PL/AE = (1,500 kN x 900 cm) / (1,256.6 cm? x 1,677 kN/cm?)
= 6.405 mm
40 ' i "
—— 4=PL/AE
45 —— Davisson's offset lines ||
—— P — S Curve
50 : !

PILE No ; Test #3(CPR D=500mm Pile)

Figure 4.44 Davisson’s Method(Test pile No. 3)
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- &2 A 2 3 (Davisson’s Method)E Q9Fsl thea} o] Hrpsr 4

FEag tdE | §&AAH

EEE 9as | BN .
: - W/ | sP | aaym)

ki

A8 A No. 1 |C.PR D=400 mn| 4 1,015.2 2.0 508.0
A& A No. 2 |C.P.R D=400 mn| 3 866.9 2.0 433.5
A& A No. 3|C.P.R D=500 mn| 2 1275.8 2.0 638.0

4) AAA} nF

O sAsA A SAE D AA=AFBTAE 72~77 %2 LEEZ] 3l
_I__T;

G EEe] FRAY 2 Cappingdl frolslol & Aoz AtmETh
@ CAPWAP H43 Davisson's ¥419] & &A A& zlo]lx= AHE oldge ¢

kN e, Alg A No. 22 90 kN Iz, Al @A No. 3& 73 kN #Hjg7} =
At olF CPREH 54 EAe gy ddoz A A FA
QAE AtmEw g AEA AlRAC A BE RnE SoAA AE
gk eaE Fhs o "t
@ FHExAHol AstAE Ao, HAE FHEXAH 9 APLE FEFH}
o

|
A qoksld olef Table 4.159F 2t}
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Table 4.15 Analysis results of dynamic loading test

38472 B4 ATHRN/E)

Collection @ chosun

T o Davisson's A&
ARHA A= CAPWAPES B 54444
(m) i g | g5 | §8 | kN
| A | St
A=A shs | XA H

AlEA No. 1| 84 |719.21296.0| 1,015.2 | 406.1 [1,015.2| 508.0 406.1
AEA No. 2| 84 | 608113866 9947 | 3979 | 8669 | 4335 397.9
AlEA No. 3| 84 |712.0|563.8|1,275.8 | 510.3 [1,275.8]| 638.0 510.3




4.3 211-A| 31 A] ¢

ot %‘w?ﬂo}/l HP#%”EOE AbgelZI IR IS vhefsly] fgtelth. AR
A A8 T

-0,
o,
>
o,
20
rir
0
Hye
2=
o
>,
e
iyl
jq

431 ATAFAY Fu 2 A

DA EE AAd T+ % (D400 mm)
)2 & 8FE=1,200 kN
ol H D25(SD300) AHE3 A9 AME 1} E=1064 kN/17}eho] g 127}e)

2 PEsgont APLE D0 AFAE FF % 2 ARE 4

AgAZ | A AF | AFF | d%F | F Bedel| w x
D25 12 2.8 m 04 m 32 m HE
D25 10 3.0 m 05 m 3.5 m A &

2) ANPR5 AFAL wA (D500 mm)
H ) A1 ElshE=1,800 kN
QAT D25(SD300) AHE S S AbE 91

% AESGo AYeE D50d QA

N
O

5£=106.4 kN/17}eol = 177}

2 29 EE A4 500mmel] A

of%
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2o Fgol We A B2 WAl Fopd 1Fuve] 9PoE FHYES
o4 oz oyl A *éi]ﬂi?%— 137hgo = 2qdgon, ae 28

Table 4.17 Layout & applied planning of tension re-bar for test pile(D500)

A2 ARE A s o F% Z dado] vl a1
D25 17 2.8 m 04 m 3.2 m HE
D25 13 30 m 05 m 3.5 m o &

3) A5 QAFE(SD300) vl A =
CPR D400 CPR D500
D25(10 7F=h) D25(13 7F=hH)
1,200 kN 1,800 KN+

DAASFANY WHE FEARA G NG YT Aol AP FLH

1) CP.R 25 (D400) ; A A 3 s}5-1,200.0 kN(Appendix 6.1)
2) CP.R 25 (D500) ; HdAE3s5-1,800.0 kN(Appendix 6.2)
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433 NE4A 9 A &

1) SAFA9 Ax 2 Wy
AslelE 2 W He Data-logger(TDS-530, 60CH, A7) 4 ata)o] o] 2HE2

e AAshE e dHoz gk WA AlgskEe] Asted = 5000 kN &3
o ¢ Jack 172 ol &8t Aststz e 54 == A(Load Cel) 125 A&}
of FA s Alststsol o g wE W #E2 Steel band ¥ Magnetic base& AF&
she] @E FAlo] 180°7HA o2 2719 GaugeE HF-2slal Al LE Tl 2719

Reference beam2 A A 8le] ZA sl ZAHA L 7F s A oA Asl7F 9

T FYUsHA 5 Bt AAETh AFEShE Gauger FHW 100 m7bA S 0] Ths
g Ao mA AA H4h SAGEHE V100 m7kA &2 Fok

2) Al (=4 9o AA
Astele Ao A Fe) 150 ool AstEAe Agskn, @9 82X A AY

Ry

WE WAL YAS] Askel AGLEA 54, ol WAL 7] G

R4

927 150 884

3156

Y 605 590

500, 2000 e 2000 11500
5000

A A

Y Y

Figure 446 Schematic of layout for tension loading test(Front view)

Collection @ chosun



o]

o]
=

2 W ffel A

1

s Aol o] Fofx|ar lrh Tt

3

9] Hogol

HA
2

S,

©

)
Lxﬂ

e

T}
=] =

A

S

T
R

5

©

A
LEu el o] AT o

+A
3}E 34

9

94

S}
4

©

)
S}

©

A

ey

4.3.4 2 9A
=

o

o

—_
"o

xa

"
0
XA

X

ol
T

=y
;OO
—

o
an
NF
N

R

B

o o} 8% 7
A7 97

R

)=

T

R

o
o} 3

[e]

=

7] 8.
o=

T

R

o] 1/2

P

o] 244 =3
=)

]_

Fuller’} A
e)

5} 5]

[e)

R

T

R

==
=)

]_

S

% 7ol
)

=

ok
T

shd+AI A9l 25 mn)¥ wht

T ©

/\é Z]

F(A o

oS

=AZ ] 10%E A9 A
J_?L/\

mm WA 10.0 mm

T

e

ol

0y

Rl

=l

&)
=1

R

S

IFAHEROE FEE 73 5 o]

1

%._o
H

A 23]
227 2471 F2008) H 314(2000)

DM-7(DPT. of the Navy, 1982), Al

Fuller

2.0

o] e gl
15

(&713k%)

Bl

S

2.0

Table 4.18¢1 <
3.0
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Table 4.18 Factor of safety for allowable tension capacity from results of loading test
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e eR(HE A 7 2] 15%=60 mn)2 Z 3= 61.085 mn W7} AT
ol wEAH 9 15%(D=4002] 4% 600 mn)dl P e
7492 kNol™, slF AA o FF ke 32130 mE &l E A

Table 4.19 Allowable tension capacity by Settlement criteria(ASTM D3689-07)

= 3ts)3 b & EE =
i e H| a1
(KN/¥) (SEF) (KN/*)
=ststE A4 | 15.0%D(60.0 mm) 749.2 3 2497
Load (kN)
5 0 90 180 270 360 450 540 630 720 810 900
20 \L\
2 s
E 30, \\\
2 g0 o \
: \
o 50
= e \
o 60 | >
A 70 ‘Total Axial movement(15%D=60mm), Failure Load = 749.2 kN‘
80
90
100

Figure 4.47 relation curve between loading and displacement(Test pile No. 1)
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—/A
B

B2 650.1 kKNo&2

28

5744

s

94

I

R

1

o

o
y =

2}

A&(SF=2.0)

A A

[e]

i

?l_

@ LOG P - LOG S

9}\‘9-1:% ’

B2 644.1 KNO &2

28

5744

%

o

A A

[e]

i

A&(SF=2.0)

2k

@S -LOG T

9}\‘9-1:% ’

iz

%

Hr

B2 7200 KNO&2

28

5744

s

o)

I

R

1

o

o
y =

2}

A&(SF=20)<

A A

?l_

9}\‘9-1:% ’

Load (kN)

180 270 360 450 540 630 720 810 900

90

|
9
4
//
\\ N
<
i
P
@)
Lo
S
Il
o
©
]
—
=
e
b
o OO O o L O o o O
— N M» *F 0 © b 0 O

(Wur) JuULaWalIeg

100

Figure 4.48 Yield load by P - S curve (Test pile No. 1)
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Load (kN)

100 fomnah Azokerd
------
g | B
210 L __\[Yield Load = 644.1 kN |
E j j R H i | |
L et
= | P »
) N ¢
% -
2
1 | H : | | | R H H | |
10 100 1000 10000

Figure 449 Yield load by Log P - Log S curve (Test pile No. 1)

100 : E—
e  LEGEND — i
-0~ 1STEP : 60 kN ,
0 | — 2STEP : 120 kN I
2 ~» 3STEP : 180 kN —
E —5- 4STEP : 240 kN —
= 60 > —>-5STEP : 300 kN I
g » -~ 6STEP : 360 kN '
o g ~7| - 7STEP : 420 kN
240 & i [ jreld boad=r o oorpp:agokN |
3 I T 1720.0 kN [ I
< —— 9STEP : 540 kN
| = 10STEP : 600 kN
20 E ———— > 11STEP : 660 kN [
-l aa 12STEP : 720 kN
. 6’" ; O -------- —o— 13STEP : 780.8 kN
1 10 100

Time (min)

Figure 450 Yield load by S - Log T curve (Test pile No. 1)
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2) AP A No. 2: (C.P.R D=400 mm Pile, No. 11)

() A5 AF] A% FERHF DY

A& slE 7200 kNN A o8- A8 7800 kN2 Ast 5 F23% s

9 oweld o) pEE, a3 (=7307 kN)ol masth A% dw
& 243.6 kNe|™ | W9+ 74945 mmol Atk
A8 7]

=9l FEAZ 9 15%(D=4002] 4% 60.0 mn)el 3l
E 71sbetE @Al 7307 kN2 #AE Foglow, sE AA
& 47225 mB ¥ Aok

Table 4.20 Allowable tension capacity by Settlement criteria(ASTM D3639-07)
Seels | ade | ssaud
HH 7+ H] 51
(KN/¥) (S.F) (KN/+H)
=ststE AA | 15.0%D60.0 mm) 730.7 3 243.6
Load (kN)
0 90 180 270 360 450 540 630 720 810 900
0

10 \\\\
= 30 S - VN S 1
E 40 =
g 50 I\ //
SN
< 60 |« < 7 >
o \ ‘Total Axial movement(15%D=60mm), Failure Load ‘
n 70 S /

J/

80

90

100

Figure 4.51 Relation curve between loading and displacement

(Test pile No. 2)
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1
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o
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A&(SF=2.0)

A A

[e]

i

?l_

@ LOG P - LOG S

9}\‘9-1:% ’

0283 kNLo =
264.2 kN/

s

SRR

.
;OO

)

o
T

%

s

al

2.
=

(S.F=2.0)

7200 kKNo =
360.0 kN/

HaEe

SRR

.
;OO

o5 wedTh

2

o
T

&8

s

AL

2.
=

(S.F=2.0)

Load (kN)

180 270 360 450 540 630 720 810 900

90

——
[/
660.0 kN ]/

\L\‘\‘ -~

| Yield Load

\1‘\.

oS O O O
[SP I LR (O RN )

(Ww) JUSW[110S

80
90
100

P - S curve (Test pile No. 2)

Figure 4.52 Yield load by
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Load (kN)

100
E
E
b
=
& 10 Z [ Yield Load=528.3 kN
= B
n o
1
10 100 1000 10000

Figure 4.53 Yield load by

Log P - Log S curve (Test pile No. 2)

60 - LEGEND - [
,,,,,, -o- ISTEP : 60 kN |
50 —a- 2STEP : 120 kN
= —— 3STEP : 180 kN ||
E 10 = — -=- 4STEP : 240 kN
B Yield Load= —~- 5STEP : 300 kN |
% 30 ‘ fe0.0 kN —o- 6STEP : 360 kN [l
= S S— - — —~— 7STEP : 420 kN |
B o= h— 5 - 8STEP : 480 kN |
5 —— 9STEP : 540 kN [
- —— = ~o~ 10STEP : 600 kN ||
: v v v~ 11STEP : 660 kN |

o] " —— 12STEP : 720 kN

1 10

Time (min)

Figure 454 Yield load by S - Log T curve (Test pile No. 2)
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3) A1 Al No. 3(C.P.R D=500 mm Pile, No. 8)

(1) Ask 7150l ok st 34

A& skE 990.0 kNl Al the @AlslEel 1,080.0 kN2 A8t &= 343 57
a2 W R S dEE, S (=1,0400 kN)Ol meskdth. HE Eld
sk 990.0 kNol ™, 9= 61.220 mre] At

ARstE 71E DEAF Y 15%(D=5002] 4% 75.0 m)ol sFes F = W
A2 FEA ko, HF 7}%*0% SA ¢l 1,0400 kNS =31 %!
g 5 o, atF AA Fo] R IS 20460 mE 2 S

GeetE | ade | deeud
i e H| a1
(KN/*) (SF) (KN/*)
=%tshe 4 15.096D(75.0mm) 1,040.0 3 346.7
Load (kN)
OO 90 180 270 360 450 540 630 720 810 900 990 1080 1170 1260 1350
———

10 ‘\a\_‘ ’\‘

20 ‘\“\«\
E
£ 30 /
% 40
g 50 .
~ 1
X 60

70

<€ >

80 {Total Axial movement(15%D=75mm), Failure Load }

90

100

Figure 4.55 relation curve between loading and displacement

(Test pile No. 3)
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P - S curve (Test pile No. 3)
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Figure 4.56 Yield load by
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Load (kN)

100.0
~ A
£ 10,0 h
= — N Yield Load=723.8 kNJ-i:
= )
= a
- P
= 1.0
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Figure 4.57 Yield load by

10000

Log P - Log S curve (Test pile No. 3)
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Figure 458 Yield load by S - Log T curve (Test pile No. 3)
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4) A A No. 4 (CP.R D=500 m Pile, No.14)

1) B3y 7o 9% FEHF By

Al stkE 990.0kNof| A tf& dAIstE<] 1,080.0 kN2 st 5 sts7s d4
WY Foh BAEE, FEAU 10510 kN)o| ERaith HF Sd

=4
F 2 8100 kNoJglom, W9l 69.895 mnol AT

sk 71E9 2EA7d ) 15%(D=5009] - 750 m)el sBshe sk %A
e AR A Fekort, HF 7Iaks @Al L0510 kNS Sehsheo® 94
& oglem, she AA Fo AR IEFE 41945 mE FHIH A

Table 4.22 Allowable tension capacity by Settlement criteria(ASTM D3689-07)

=eets | obdE | sEEd
i H] a2
(kN/%) (S.F) (kN/E)
=3gsts #4 | 15.0%D(75.0 nn) 1,051.1 3 350.3
Load (kN)
0 90 180 270 360 450 540 630 720 810 900 990 1080 1170 12601350
0
20 — \1‘\
e 30 —
g 50
£ \
~ 40
=} 9 >
Q
£ 50 %
£ 60 N pd
& /
< >
80 [ Total Axial movement(15%D=75mm), Failure Load |
90
100

Figure 4.59 relation curve between loading and displacement

(Test pile No. 4)
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Zafel old FHd FEshe2 7289 kNow

el o7 FA" dEsheS 9900 kKNo®
(SF=2.002 13 |82 #¥L2 4950 kN/E o= ek

Load (kN)
0O 90 180 270 360 450 540 630 720 810 900 990 1080 1170 12601350
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FAY 5 glem, ddg
kS
FAY 5 glem, ddg
el
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(@]
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(@)
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(]

100

Figure 4.60 Yield load by P - S curve (Test pile No. 4)
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Figure 4.61 Yield load by

Log P - Log S curve (Test pile No. 4)
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Figure 4.62 Yield load by S - Log S curve (Test pile No. 4)
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43.6 AEASAYE 2% nF

k100 KN AL B Aol mEHUE. ol PEABAGA el v
o olgd Ao AP WL N 9% %3 9wkl
dhaEe] £4Ee AoE ARHM, CPR 2% SHEASAUA
og F¥3 Agrbsea b S ndse AuAT 29 2

2 Figure 4.633} o] D400 =712l A A1%1 No.d, No.2(No.5 No.ldl)=
o oste dAEE AstEe delved ols AEA 24e T AA
ol oF 125 m'® FARE #o] FdHEo] dAlHor e ddAo
g o= AtgEhy D500]!I A-F- No.3(No.8)2 %

&5 @Al Ay o] Adgd FAFRY myIelr 20% A &%

w :10

H FYHE FUst] Nolddoh 4" dHo] & oz Alg¥m s}
WA Aol NodwelA 2 uehti @4e) Aoz Anwch
Load (kN)
0.0 200.0 400.0 600.0 800.0 1000.0 1200.0
' = = = suaz| 2
—a MEA |749.9N | 249.7kN
No.1
E
E 7\]-&17-._“ e ”
E . B Noo 730.7TEN | 243.6kN
E i \’:_,_J Total ,i_):ﬁa', mox;‘emer:(li%iﬁﬁﬂmm" |
= : ! e I s A EA]
2] i 1 ' ' s ' A N A6.TEN
U 5 L S B S e IR T = No.a OO0 BAGTIN
g & : —a i ™
BO T=mmmmr—mmbrrmsmmnre :'1 otal Axial movement(153%D=75mm |
1 H | | | AlEA P o e
g0 +----------- o e ek R ™ N A L.051.1kN | 350.3kN
100

Figure 4.63 Result from Tension test of all piles
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Al

dEse] A Vgl o7 S EAAHLE v Table 4233 2t

Table 4.23 Allowable bearing capacity by displacement criteria

AU Aol AEE | Eeldw | 58K A 2 N/
>y 47
(kN) (mm) (mm) - ¥W9171+(15%D)

Al A No. 1|D=400 nm 750.8 61.085 32.130 250.3

Al A No. 2| D=400 nn '730.7 74.945 47225 243.6

Al A No. 3|D=500 nm 1,040.0 61.220 29.460 346.7

Al A No. 4| D=500 nm 1,051.0 69.895 41.945 350.3

2) #F-NATHA 9 G FR}F 24

uAG AR i ARDE F-usl Aol o FduelF BA ge
Table 4249} 22w, G580 9@ 544482 A AskF 7£015% Dl 9
B S exAE g LA logP-logS HARAM AF fAE A% gow 1
LK

Table 4.24 Analysis of yield load by curve between load and displacement

&84 A # (kKN/2)
A& $1A

P-S logP-log$sS S-logT
Alg A No. 1(D=400 mm) 325.1 322.1 360.0
Al'g A No. 2(D=400 mm) 330.0 264.2 360.0
Alg A No. 3(D=500 mm) 378.6 361.9 450.0
Alg A No. 4D=500 mm) 448.8 364.5 495.0
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Table 5.1 Calculation method of Ultimate end bearing capacity per unit area of

cast—in—place pile(Pile foundation Working—Cho Cheon Hwan, 2010)

S HA G ST A E
B qb(t/m’) W
A E AbA B2
- Nby EEAMG
10Nb(¢,<750) _
o 85 1D, A5 4D
A7 27% 6c, - ZEg e AgAAY 10
i o o #Hit NA(<
AR Z(2004) | (¢,<750) | % Hs}ekel A2 100)
- Ak R ) FA A AT
- cu:qu/ 2
) 5.74ANb(W] KA N<75)
TERE|x
431.0b(F|BA  N<75) Reese & O'Neill
A A7 =8 A -
- ek e AddAe b (198%)
(2009) o
% FohEFo A1) gk
QE 2 . 300 B2 AZS(N=30)
q’u -
A BFAT(2002) 500 %98 =(N=>50)
CP4 (4~12)Nb <1000 B
) A 7VE AV =
(2003) - ALY =g e FA FA4A
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Table 5.2 Calculation method of Ultimate skin friction capacity per unit area of

cast—in—place pile(Pile foundation Working—Cho Cheon Hwan, 2010)

iR R i i A
TR [ (t/m’) W] a1
AR E AbAE
A&7 =
As571% T-ZAAA A
Tz C, _ (2001) ?1-&
] 0.33 N, (N<50) )
AAAA (C,<10) TEREI A
(2004) 7] 38
(2009) = =
Bo, < 20(t/m?)
F2%
] Ny <15 3=1.5—0.245Z,0.25 < # < 1.2
e - - At B A8
=2.0-0.146(2)"", 3 < 1.8(F e A 2+ =)
A7) % ’ éﬁ =% | Reese & O'Neill
Ny <15 = Ng/15(1.5—0.245/Z
3 " A=Nua/15( ) (1988)
Faey
Ce Auke A
ZF&d
OE]% -1
- N=<29] <ok
2w _ _
C &&= N,(<£15) 0.5 N, (<20) oAM= AFHE7}F
A REAT
glomz  Fvl
(2002) ; ;
Aeg aEshA|
0r O
s =
- Aad AHE £=F Y TIE WAL AT %
CP4 | (015~0.25)N,(<15) (W) ol eFabA L}
(2003) | - @tstal AlHESIE FH(OA) ; Aokt FHEA]
(0.2~0.3) N, (<30) = FA4E)
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Q.=Q,+Q,=10N,(q,<750)-A ,+0.33 N (N<50)-A4, (4 53)

B o] AHAskA xxj#E FA(

AAAF, 2004)& o] &5t
of CP.R ©5 D4007 D500 st *[ = &-& A

3
W t}& Table 537 -t}

Table 5.3 Calculation results of equilibrium bearing capacity theory on test

site
Bgeps AX Y ANARKN/ED) | BEA R
7l o] /K]E
WA 9] ;‘ | | | | HsEsE
m) | FdeEE | AR | QKA
Skl 1A A A A (N
CPR D=400| 9.0 8625 623.3 1,490.8 | 422.3~436.3
CPR D=500| 9.0 1,078.2 981.7 2059.9 | 634.3~6483

F) FEAFY FE&FeF2 CPR FAA ¥574E 120 N/mi, 27Z2A(H <2, SD300) D22,
D25% 7|#3
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AR e 2o Funad 9 AgXAHe 24 @ AN A

Ve Fd R AunAddE 9 ded FuvdEe) 27, @ AwuAeAd

A5k Ehg Fdn) d Agpel A AR A W A
e

Table 5.4 Analysis results of dynamic loading test

T A = CAPWAP4 (kKN/+)
Al A A < ] i
(m) | Fedvpde | A | AR«
A& A No. 1| C.P.R D=400 8.4 719.2 296.0 1,015.2
A& A No. 2| C.P.R D=400 8.4 608.1 386.6 994.7
A& A No. 3| C.P.R D=500 8.4 712.0 563.8 1,275.8

Table 5.5 Skin friction capacity per depth on analysis results of dynamic loading test

M= (m) A FHEE A& FAvkEE RN

2 | Huar Alg A Al A Alg A

B ~ No. 1 No. 2 No. 3
Ak | 2AE A F 3 Nt H

o CPR CPR CPR
71| 71 D=400 | D=400 | D=500
00 | 06 _ N=6/30~

ol =
op| —ng| TH3 16/30 1728 214 1856 | 1266
20 | 26 2o 2 | N=14/30~
ol g 2 23/30 1830 487 2077 | 1465
42 | 48 2o 2 | N=23/30~
el —eg 2 /30 1633 31.3 1485 | 1144
63 | 69 = 2 | N=32/30~
54| 00 Az EaAw | o0 200.1 506.7 1702 | 2923
2 A Fd v 7192 608.1 712.0
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Table 5.6 Results of compressive loading test and tension loading test

911 % & (kN)
o)} EC

S
4 azgaae | Quead | gE-u | Ex)8 | B8
(820 ) () () (F8) | (e

A& A CPR
1,260.0 750.8 509.2 719.2 296.0

No. 1 D=400

A& A CPR
1,220.8 730.7 490.1 608.1 336.6

No. 2 D=400

A& A CPR
1,498.8 1,040.0 4588 712.0 563.8

No. 3 D=500

A& A CPR

1,530.0 1,051.0 479.0 - -
No. 4 D=500

F) gFAsAAT A el

(15 m o)< refshe] HlaL

Collection @ chosun
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Aot A g g 7 ANATHEIEA)} NAAH 1}
B CPR 259 FurdeEs Aux€(852)e uzad & Table 577
2

Table 5.7 Comparison of results between theory and test

25 o Holzed | k] < ‘%%;ﬁﬁ%—g
Aqa | He T (kN/_H_) oy | AESEE W 1
_ - IRV
Ty
oA | 8625 628.3 _
A %(2004)
a0 e 2 422.3~436.3 o
D=400 ’ . 608.1 386.6 ) : = )5}
) 750.8 509.2 FEA 3, A )
730.7 490.1 FEA 3, A )
Ty
oEA | 10782 | 9817 _
A %(2004)
Eif;ig W0 720 | 988 | 6343~6483 548
i A% 10400 | 4588 SF= A o))
LO5LO | 4790 FEA 3, A )

Table 5.8 Comparison of results between theory and fact (Average)

] L
TR = Frivide | AnA A e
A Sl BN » 8535
(m) (IN/2) (IN/2) N2
CPR o] &4 862.5 628.3
9.0 - 422.3~436.3
D=400 A7 702.2 4205
CPR o] &4 1,078.2 981.7
9.0 — 634.3~648.3
D=500 A7 934.3 5005
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Figure 5.1 Distribution diagram of bearing capacity and skin friction capacity

between theorv and fact(D400)
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Figure 5.2 Distribution diagram of bearing capacity and skin friction capacity

between theorv and fact(D500)
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(N=2), 41 m (N=1), 93 m

27 D500 mm, HAA%E 150 m, B4+ SD300, D25 mm #

A, AlFel 28¢ FEAEE 160 kg/cr o2 A E 34
o] e FARE &5 A

e
)
~
M

AE A FZF2E 7

A AAHE A8

0¢}
a1
[y
o
Z
e
=
r_‘g{_(‘
o}
flo
(@)
(]
[\l
o
z
AN
e

~831.52 kN/&Z o & Q¥ gled, BAE 578

Table 59 Result from CAPWAP Analysis

64 KN/

CAPWAP Method N
] e 55§
T | daln bl & H]
SRR =] %] &
W3 | (mm) | Rs Rb Ru | (SF 1l
(KN/2)
kN) | GN) | (kN
PN.1 2,500 492.1 | 1568.3 | 2064.4 2.5 824.16
AFF
PN.2 2,500 456.3 | 1622.5 | 2078.8 2.5 831.52
Bdd | No2l 1,500 382.1 | 1064.5 | 1446.6 2.5 H78.64
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Table 5.10 Comparison table per Onsite between theory equation and real

Dynamic loading test

EELEIEREE R FASAE A
T8
A F 34 A F Rk
492.1 kKN | 1568.3 kN | 824.16 kN
A¥Z | 981.7 kN | 1571.2 kN | 851.0 kN
456.3 kKN | 1622.5 kN | 831.52 kN
B&A | 7854 kN | 10232 kN | 602.9 kN | 382.1 kN | 1064.5 kN | 57864 kN
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Figure 5.6 Distribution diagram of bearing capacity and skin

friction capacity between theory and fact(onsite A)
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Figure 6.2 Mohr-Coulomb model
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Table 6.2 Soil

material property for Numerical Analysis

e A 4 B FsoddEsHE | LsldEsHE
T Eol
(kgf/cm’) (tonf/m) (tonf/m)
" S 51.0 0.35 2.00 2.10
A Z 65.3 0.40 1.76 1.87
= 3E 255.4 0.36 1.87 1.97
=35kt 1,201.7 0.33 2.07 2.17
aE9-E 160,000.0 0.24 3.01 3.05
Table 6.3 Rebar material property for Numerical Analysis
EHA Al 7 e
T e e B e P
(kgt/m') (tonf/m)
D400 D22 SD300 2,039,432 0.3 7.35
D500 D25 SD300 2,039,432 0.3 7.35

6.42 914 A3t

Figure 6.62] D400 974 kgf/crrel D500 93.4 kgf/ere] <l@tzs} F=2L- 7}
3 A3E Figure 6.7~TFigure 6.9¢ 2t} Figure 6.7 <1k 2 3
x-% W W9, Figure 6.8 HSAE oF z-5 Wk MY, a7
olul wl o)Al E of 7

olgr wl
=2 ~

Figure 6.9+
Hol glolAd D400} D500 ¢l o qh= Woﬂ 46* JMHM
Table 6.4} Fow A HAHL =
o] A% 566 cm, =218 H9 808 cm®E YEFSETE
Figure 69141 WERoe] QI B hEAIE EFolA D400 ¥Rk Kt
D5oo94 Fatgel o =ZA vEREE & 4 9tk Figure 6107 6112 < 2
Ao mE W WaE vk Zlolth. ¥l &
ol Qb 4l SF=AlE T Hol ®ee A A TAEE e &
S7hol whel WSUF HAEE & 5 ATk
W91 D400 T D500 A 9] A%k w9l7h v ZA sk, AR
SAFA o AA vEPES & F STk

SE

rlr
0
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Table 6.4 Maximum displacement per depth by loading and tension test

D400 H A (cm)

D500 Hdl¥He (cm)

A HdEeY (cm)

Al
M) olmag | gaag | Quad | aEAE | dwad | 4EAw
0 421 6.33 473 6.93 548 3.08
-150 4.09 6.28 4.65 6.86 5.60 7.80
-320 4.03 6.25 4.59 6.83 481 6.94
=550 397 6.20 452 6.77 4.52 6.77
-850 3.90 6.13 4.44 6.68 4.44 6.68
=950 3.86 6.09 4.40 6.64 4.40 6.64

Table 6.5 Max displacement by loading and tension test

AwAY A3 AW (cm)

FEAE A% AaEs) (em)

5.66

8.08

Collection @ chosun
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Figure 6.7 Displacement of X-axis by Loading Tension test
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Figure 6.8 Displacement of Z-axis by Loading and Tesion test
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Figure 6.9 Displacement of All-axis by Loading and Tesion test
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Figure 6.10 Displacement changing per depth by tension test

— 138 —
Collection @ chosun



Displacement (cm) Displacement (cm)

Displacement (cm)

Depth - 0 cm‘

0
-300 0 300 600 900
X - Distance (cm)

1200

(@) A% 0m

Depth - 320 cm

; D 500
2 D400

0 i i
-300 0 300 600 900
X - Distance (cm)

1200

() 4% 32 m

Depth - 850 cm

0
-300 0 300 600 900
X - Distance (cm)

(e) 4= 85 m

Displacement (cm) Displacement (cm)

Displacement (cm)

Depth - 150 cm

10

0
-300 0 300 600 900

\ i
-300 0 300 600 900
X - Distance (cm)

1200
X - Distance (cm)

() A= 15 m

Depth - 550 cm

1200

(d) A= 55 m

Depth - 950 cm

300 600 900
X - Distance (cm)

(f) A% 95 m

Figure 6.11 Displacement changing per depth by loading test
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Appendix

Appendix 1.1 Maximum designed Compressive load for pile(D400)=1,200kN

HA g ots | sl&stT
(1,200.06N)2] | (400.06N)2] | Load s
@A T
5% 15%6 kN) | A4
Load Stage(%)
1 Loading 5 15 60.0 i
2 Loading 10 30 120.0 i
3 Loading 15 45 180.0 i
4 Loading 20 60 240.0 i
5 Loading 25 75 300.0 i
6 Loading 30 90 360.0 i
7 Loading 35 105 420.0 i
3 Loading 40 120 430.0 i
9 Loading 45 135 540.0 i
10 Loading 50 150 600.0 i
D400 11 Load?ng b5 165 660.0 i
| Cydle 12 Loading 60 180 720.0 i
13 Loading 65 195 730.0 i
14 Loading 70 210 340.0 i
15 Loading 75 225 900.0 i
16 Loading 30 240 960.0 i
17 Loading 85 255 1,020.0 i
18 Loading 90 270 1,080.0 i
19 Loading 95 285 1,140.0 i
20 Loading 100 300 1,200.0 i
21 Unloading 75 225 900.0 i
22 Unloading 50 150 600.0 i
23 Unloading 25 75 300.0 i
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Appendix 1.2 Maximum designed Compressive load for pile(D500)=1,800kN
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HogAE sk | s&sts
(1,800.0kN) 9] | (=600.0kN)] | Load 3=
=7 T 5% 15% kN) | 8=
Load Stage(%)
1 Loading 5 15 90.0 S
2 Loading 10 30 180.0 S
3 Loading 15 45 270.0 S
4 Loading 20 60 360.0 S
5 Loading 25 75 450.0 S
6 Loading 30 90 540.0 S
7 Loading 35 105 630.0 S
8 Loading 40 120 720.0 S
9 Loading 45 135 810.0 S
10 Loading 50 150 900.0 S
11 Loading 55 165 990.0 S
D500
| Cycle 12 Loading 60 180 1,080.0 S
13 Loading 65 195 1,170.0 S
14 Loading 70 210 1,260.0 S
15 Loading 75 225 1,350.0 S
16 Loading 80 240 1,440.0 S
17 Loading 85 255 1,530.0 S
18 Loading 90 270 1,620.0 S
19 Loading 95 285 1,710.0 S
20 Loading 100 300 1,800.0 S
21 | Unloading 75 225 1,350.0 S
22 | Unloading 50 150 900.0 S
23 | Unloading 25 75 450.0 S
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Appendix 1.3 Results of load test of test pile No. 1 (C.P.R D400mm)

Nanz| vEaE | o | was aer )
Asrer o] - -
(min) (KN/+) (cm?) |AAHs = @d 3=
(m)

1(Loading) 5 60.0 0.080

2(Loading) 5 120.0 0.975

3(Loading) 5 180.0 0.720

4(Loading) 5 240.0 1.280

5(Loading) 5 300.0 1.955

6(Loading) 5 360.0 2.445

7(Loading) 5 420.0 2.790

&(Loading) 5 480.0 3.920

9(Loading) 5 540.0 5.200

10(Loading) 5 600.0 7.100

11(Loading) 5 660.0 9.185

12(Loading) 5 720.0 11.000

13(Loading) 5 780.0 9.0 1,256.7 13.400

14(Loading) 5 340.0 16.000

15(Loading) 5 900.0 19.000

16(Loading) 5 960.0 23.700

17(Loading) 5 1,020.0 29.125

18(Loading) 5 1,080.0 36.920

19(Loading) 5 1,140.0 46.7735

20(Loading) 5 1,200.0 60.000

21(Loading) 10 1,260.0 77.670 8.440
22(Un-Loading) 5 310.0 77.015
23(Un-Loading) 5 540.0 75.7795
24(Un-Loading) 5 270.0 73.895
25(Un-Loading) 5 0.0 69.230
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Appendix 1.4 Results of load test of Test pile No. 2 (C.P.R D400mm)

A FAE | A RS | TEde] | g 38t ()
st
(min) | (KN/%) (m) (cm?) | A4 2 s}k | eha = &) =
1(Loading) 5 60.0 0.240
2(Loading) 5 120.0 0.830
3(Loading) 5 180.0 1.350
4(Loading) 5 240.0 2.120
5(Loading) 5 300.0 3.330
6(Loading) 5 360.0 4.320
7(Loading) 5 420.0 5.230
8(Loading) 5 480.0 6.440
9(Loading) 5 540.0 7.530
10(Loading) 5 600.0 9.100
11(Loading) 5 660.0 10.230
12(Loading) 5 720.0 11.550
13(Loading) 5 780.0 9.0 1,256.7 12.930
14(Loading) 5 340.0 14.120
15(Loading) 5 900.0 15.330
16(Loading) 5 960.0 18.000
17(Loading) 5 1,020.0 22.000
18(Loading) 5 1,080.0 30.000
19(Loading) 5 1,140.0 42.000
20(Loading) 5 1,200.0 56.000
21(Loading) 10 1,220.8 79.025 7.330
22(Un-Loading) 5 310.0 78.725
23(Un-Loading) 5 540.0 78.015
24(Un-Loading) 5 270.0 76.995
25(Un-Loading) 5 0.0 71.695
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Appendix 1.5 Results of load test of Test pile No. 3 (C.P.R D500mm)

_ AGARE N ESE| gEel | wuA o)
AT i |0 | | emd | AAHE| wa
1(Loading) 5 90.0 0.365
2(Loading) 5 180.0 1.030
3(Loading) 5 270.0 2.265
4(Loading) 5 360.0 3.525
5(Loading) 5 450.0 4775
6(Loading) 5 540.0 6.060
7(Loading) 5 630.0 7515
3(Loading) 5 720.0 10.330
9(Loading) 5 810.0 12.750
10(Loading) 5 900.0 15.450
11(Loading) 5 990.0 9.0 1,963.5 19.630
12(Loading) 5 1,080.0 22.850
13(Loading) 5 1,170.0 27.260
14(Loading) 5 1,260.0 31.000
15(Loading) 5 1,350.0 35.320
16(Loading) 5 1,440.0 45.550
17(Loading) 15 1,498.8 75475 9.815
18(Un-Loading) 5 1,125.0 74.965
19(Un-Loading) 5 750.0 73.915
20(Un~-Loading) 5 354.0 72.820
21(Un-Loading) 5 0.0 64.760
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Appendix 1.6 Results of load test of Test pile No. 4 (C.P.R D500mm)

Collection @ chosun

A FAIZE | AEets | gEde] | duA Z k= (mm)
Al shekA| A -
(min) (KN/¥-) (m) (cm?) | AA ol | ehd H sl

1(Loading) 5 90.0 0.900
2(Loading) 5 180.0 3.420
3(Loading) 5 270.0 5905
4(Loading) 5 360.0 7.660
5(Loading) 5 450.0 9.645
6(Loading) 5 540.0 11.59
7(Loading) 5 630.0 13.105
8(Loading) 5 720.0 14.900
9(Loading) 5 810.0 16710
10(Loading) 5 900.0 18.690
11(Loading) 5 990.0 20.360
12(Loading) 5 1,080.0 22,560
13(Loading) 5 1,170.0 I R 24.960
14(Loading) 5 1,260.0 28.360
15(Loading) 5 1,350.0 31.600
16(Loading) 5 1,440.0 35.000
17(Loading) 3 1,530.0 38550
1 1,030.0 49.000
18(Loading) 1 990 57.205

1 1,010.0 61.255 10.220
19(Un-Loading) 5 750.0 60.255
20(Un-Loading) 5 500.0 58.060
21(Un-Loading) 5 250.0 56.455
22(Un-Loading) 5 0.0 51.035
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Appendix 2.1 Load transfer test (S1, S3 sensor)

S1(Top-0.3m)

e 3= T A £(10°) Eka/cm?) g Alem?) P(kg) P P

= (kN) G.F HAAT a1t (10~ +6) (kg/cm?) D=500 mm (P=c-A) (ton) (kN)
initial 0.0 709 0 213 0939 0 0.171 001 19635 0 0.0 00
10 90.0 673 36 2.13 0.939 34 0.171 441 19635 8732 87 85.6
20 180.0 634 75 213 0939 70 0.171 9.3 19635 18,191 182 1784
30 2700 600 109 2.13 0.939 102 0.171 i35 19635 26,438 264 2563
40 360.0 561 148 213 0939 139 0.171 183 19635 35897 359 3520
50 4500 526 183 2.13 0939 172 0.171 2261 19635 44387 444 4353
6.0 5400 487 222 213 0939 208 0.171 2741 19635 53846 5338 528.0
70 630.0 448 261 2.13 0939 245 0.171 322 19635 63,305 63.3 620.8
8.0 720.0 408 301 213 0939 283 0.171 37.2 19635 73007 730 716.0
g0 810.0 375 334 2.13 0939 374 0.171 413 19635 810711 81.0 7945
10.0 900.0 332 377 213 0939 354 0.171 4661 19635 91441 914 896.7
11.0 990.0 297 412 213 0.939 387 0.171 50.9 19635 99,930 999 980.0
12.0 1,080.0 280 4729 213 0.939 403 0.171 530! 19635 104,054 104.1 1,0204
13.0 11700 235 474 213 0939 445 0.171 586! 19635 114968 115.0 11275
140 1,260.0 197 572 213 0.939 481 0.171 63.2 19635 124,185 1242 12178
15.0 13500 154 555 213 0939 521 0.171 686! 19635 134615 134.6 1.320.1
16.0 14400 112 597 2.3 0.939 561 0.171 7371 19635 144,802 1448 1,420.0
17.0 1,530.0 76 633 213 0.939 594 0.171 782 19635 153,534 1535 1,505.7

S2(Top-0.8m)

e = s Aps £(10°) Eka/cm?) g Alcm?) Pka) P P

= (kN) G.F HNAE 41 (107 +6) (ka/cm?) D=500 mm (P=a.A) (ton) (kN)
initial 0.0 720 0 2.3 0.939 0 0.171 001 19635 0 0.0 0.0
10 90.0 687 33 213 0939 31 0.171 4.1 19635 8004 80 78.5
20 180.0 650 70 2.13 0.939 66 0.171 861 19635 16978 17.0 166.5
30 2700 620 100 213 0939 94 0.171 1241 19635 24,255 243 2379
40 360.0 585 135 2.13 0.939 127 0.171 1671 19635 32744 32.7 321.1
50 4500 549 171 213 0939 161 0.171 21.1 19635 41476 415 406.7
6.0 540.0 520 200 2.13 0939 188 0.171 2471 19635 48510 485 475.7
7.0 630.0 475 245 213 0939 230 0.171 30.3 19635 59,425 594 5828
80 720.0 437 283 2.13 0939 266 0.171 3501 19635 68,641 68.6 673.1
9.0 810.0 400 318 213 0939 299 0.171 39.3 19635 77131 771 7564
10.0 900.0 367 353 2.13 0939 337 0.171 4361 19635 85,620 856 8396
11.0 990.0 329 391 213 0939 367 0.171 483 19635 94837 948 930.0
12.0 1.080.0 305 415 2.13 0.939 390 0.171 57.3 19635 100,658 100.7 987.1
13.0 11700 289 437 213 0939 405 0.171 532 19635 104,539 104.5 10252
140 12600 247 478 213 0.939 449 0.171 5501 19635 115,939 1159 11370
15.0 13500 208 572 213 0939 481 0.171 63.2 19635 24185 1242 121738
16.0 14400 164 556 213 0.939 522 0.171 6871 19635 34,857 1349 13225
17.0 1,530.0 135 585 213 0.939 549 0.171 722 19635 41,815 141.8 1,390.7
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Appendix 2.2 Load transfer test (S3, S4 sensor)

S3(Top-1.3m)
= = i A £(10°0) E(ka/cm?) g Alcm?) P(kq) P P
= (kN) G.F AT a1 (107 +6) (ka/cm?) D=400 mm (P=0-A) (ton) (kN)
initial 0.0 (489) 0 213 0939 0 0.171 001 12566 0 00 0.0
10 90.0 (519) 30 2.13 0939 28 0.171 371 12566 4657 47 457
20 180.0 (550) 61 213 0939 57 0.171 751 12566 9,469 95 929
30 2700 (565) 76 2.13 0939 71 0.171 41 12566 11,798 11.8 175.7
40 360.0 (601) 112 213 0939 105 0.171 1381 12566 17,386 174 1705
50 4500 (631) 142 213 0939 133 0.171 1751 12566 22,043 22.0 216.2
6.0 5400 (662) 173 213 0939 162 0.171 2141 12566 26,855 269 2634
70 6300 (704) 215 213 0939 202 0.171 2661 12566 33375 334 3273
8.0 720.0 (740) 251 213 0939 236 0.171 3101 12566 38963 39.0 382.1
9.0 810.0 (774) 285 213 0939 263 0.171 3521 12566 44941 447 4339
10.0 900.0 (810) 321 213 0939 301 0.171 3971 12566 49829 498 4887
11.0 990.0 (861) 372 213 0939 349 0.171 4601 12566 57746 57.7 566.3
12.0 1,080.0 (888) 399 213 0939 375 0.171 493117566 61937 619 6074
13.0 11700 (906) 417 213 0939 392 0.171 5161 12566 64,806 64.8 6355
140 1,260.0 (945) 456 213 0939 4728 0.171 5631 12566 70,758 70.8 693.9
15.0 1,350.0 (965) 476 213 0939 447 0.171 5881 12566 73899 739 7247
16.0 14400 (996) 507 213 0939 476 0.171 6261 12566 78,693 787 7717
17.0 1,530.0 (1,019) 530 213 0.939 498 0.171 6551 12566 82,330 823 8074
S4(Top-1.8m)
= 3= s Aps €(10°) E(ka/cm?) g Alcm?) P(kg) P P
= (kN) G.F HAAE a1t (107 +6) (ka/cm?) D=800 mm (P=g.A) (ton) (kN)
initial 0.0 (910) 0 2.13 0939 0 0.171 001 50265 0 00 0.0
10 90.0 (920) 10 213 0939 9 0.171 121 50265 6,209 6.2 60.9
20 180.0 (927) 17 2.13 0939 16 0.171 2.1 5026.5 10,556 106 103.5
30 2700 (937) 27 213 0939 25 0.171 331 50265 16,765 16.8 164.4
40 360.0 (947) 37 2.13 0939 35 0.171 461 50065 22974 23.0 2053
50 4500 (957) 47 213 0939 44 0.171 581 50265 29,184 292 286.2
6.0 540.0 (967) 57 2.13 0939 54 0.171 701 50265 35,393 354 3471
7.0 6300 (977) 67 213 0939 63 0.171 831 50265 41602 416 408.0
80 720.0 (987) 77 213 0939 72 0.171 51 50265 478711 478 4689
9.0 810.0 (997) 87 213 0939 82 0.171 1071 50265 54021 540 529.8
10.0 900.0 (1,007) 97 213 0939 g7 0.171 1201 50265 60,230 60.2 590.7
11.0 990.0 (1017) 107 213 0939 100 0.171 1321 50265 66,439 664 651.5
12.0 1.080.0 (1,028) 118 213 0939 171 0.171 1461 50265 73,269 733 7185
13.0 11700 (1,042) 132 213 0939 124 0.171 1631 50265 81962 82.0 803.8
140 1,260.0 (1,062) 152 213 0939 143 0.171 1881 50265 94381 944 9256
15.0 1,350.0 (1,083) 173 213 0939 162 0.171 2141 50265 07420 1074 10534
16.0 14400 (1,101 191 213 0939 179 0.171 236! 50265 18,597 1186 1,163.0
17.0 1,530.0 (1,117 207 213 0.939 194 0.171 2561 50265 28,532 1285 1,260.5
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Appendix 2.3 Load transfer test (S5, S6 sensor)

S5(Top-2.8m)
= = i A £(10°0) E(ka/cm?) g Alcm?) P(kq) P P
= (kN) G.F AT a1 (107 +6) (ka/cm?) D=900 mm (P=0-A) (ton) (kN)
initial 0.0 1199 0 213 0939 0 0.171 001 63617 0 0.0 00
10 90.0 1192 7 2.13 0939 il 0.171 091 6361.7 5501 55 539
20 180.0 1191 8 213 0939 8 0.171 101 63617 6,267 6.3 61.7
30 2700 1184 15 2.13 0939 14 0.171 191 63617 11,788 11.8 1756
40 360.0 1179 20 213 0939 19 0.171 251 63617 15,717 157 154.1
50 4500 1170 29 213 0939 27 0.171 361 6361.7 22.790 228 223.5
6.0 5400 1158 41 213 0939 38 0.171 51 6,361.7 32220 322 316.0
70 6300 1,149 50 213 0939 47 0.171 621 63617 39,293 39.3 3853
8.0 720.0 1139 60 213 0939 56 0.171 741 63617 47152 472 4624
9.0 810.0 1125 74 213 0939 69 0.171 g1 6,361.7 58,154 582 570.3
10.0 900.0 1112 87 213 0939 82 0.171 1071 63617 68370 684 670.5
11.0 990.0 1,105 94 213 0939 88 0.171 1161 6361.7 73,871 739 7244
12.0 1,080.0 1,095 104 213 0939 g8 0.171 1281 63617 81,729 81.7 8015
13.0 11700 1082 117 213 0939 110 0.171 1451 63617 91946 91.9 901.7
140 1,260.0 1,067 132 213 0939 124 0.171 1631  6361.7 103,733 103.7 10173
15.0 1,350.0 1,048 151 213 0939 142 0.171 1871 63617 118,665 1187 1163.7
16.0 14400 1,032 167 213 0939 157 0.171 2061  6361.7 131,239 1372 1,287.0
17.0 1,530.0 1,025 174 213 0.939 163 0.171 2151 6361.7 136,740 136.7 1,341.0
S6(Top-3.8m)
= 3= s Aps €(10°) E(ka/cm?) g Alcm?) P(kg) P P
= (kN) G.F HAAE a1t (107 +6) (ka/cm?) D=700 mm (P=g.A) (ton) (kN)
initial 0.0 (640) 0 2.13 0939 0 0.171 001 38485 0 00 0.0
10 90.0 (644) 4 213 0939 4 0.171 051 38485 1902 19 18.6
20 180.0 (645) 5 2.13 0939 5 0.171 061 38485 2377 24 233
30 2700 (648) 8 213 0939 8 0.171 101 38485 3803 38 373
40 360.0 (651) 11 2.13 0939 10 0.171 141 38485 5229 52 51.3
50 4500 (658) 18 213 0939 17 0.171 221 38485 8,557 86 839
6.0 540.0 (665) 25 2.13 0939 23 0.171 EX] 38485 11,885 179 176.6
7.0 6300 (678) 38 213 0939 36 0.171 471 38485 18,065 18.1 1772
80 720.0 (689) 49 213 0939 46 0.171 [ 38485 23,094 233 2084
9.0 810.0 (698) 58 213 0939 54 0.171 721 38485 27573 276 2704
10.0 900.0 (707) 67 213 0939 63 0.171 831 38485 31,852 319 3124
11.0 990.0 (714) 74 213 0939 63 0.171 91 38485 35179 352 3450
12.0 1.080.0 (725) 85 213 0939 80 0.171 1051 38485 40,409 404 396.3
13.0 11700 (739) 99 213 0939 93 0.171 1221 38485 47064 471 4615
140 1,260.0 (748) 108 213 0939 101 0.171 1337 38485 57,343 513 503.5
15.0 1,350.0 (762) 122 213 0939 115 0.171 15,1 38485 57998 58.0 563.8
16.0 14400 (774) 134 213 0939 126 0.171 1661 38485 63,703 63.7 624.7
17.0 1,530.0 (784) 144 213 0.939 135 0.171 1781 38485 68,457 68.5 6713
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Appendix 2.4 Load transfer test (S7, S8 sensor)

S7(Top-4.8m)

e = ” AT £(10°) Eka/cm?) g Alcm?) P(kg) P P

= (kN) G.F HAAT a1t (10~ +6) (ka/cm?) D=450 mm (P=c-A) (ton) (kN)
initial 0.0 444 0 213 0939 0 0.171 001 15904 0 0.0 0.0

10 90.0 447 3 2.13 0.939 3 0.171 041 1,5004 589 06 58

20 180.0 440 4 213 0939 4 0.171 0.5 15904 786 038 77

30 2700 438 6 2.13 0.939 6 0.171 0.71  1,5004 1179 12 1.6
40 360.0 435 9 213 0939 8 0.171 11 15904 1768 18 17.3
50 4500 429 15 2.13 0939 14 0.171 19 15904 2047 29 289
6.0 5400 423 21 213 0939 20 0.171 261 15904 4126 4] 40.5
70 630.0 416 28 2.13 0939 26 0.171 35 15904 5501 55 539
8.0 720.0 409 35 213 0939 33 0.171 43 15904 6376 69 67.4
g0 810.0 402 47 2.13 0.939 39 0.171 52 15904 8252 83 80.9
10.0 900.0 398 46 213 0939 43 0.171 571 15904 9037 90 88.6
11.0 990.0 397 52 213 0.939 49 0.171 641 15904 10216 10.2 100.2
12.0 1,080.0 382 62 2.13 0.939 58 0.171 771 15904 12,181 12.2 119.5
13.0 11700 375 69 213 0939 65 0.171 85 15904 13556 13.6 1329
140 1,260.0 367 77 213 0.939 72 0.171 95 71,5904 15,128 5.1 1484
15.0 1,350.0 359 85 213 0939 80 0.171 10.5 71,5904 16,700 16.7 163.8
16.0 14400 351 93 213 0.939 g7 0.171 115 71,5904 18271 183 179.2
17.0 1,530.0 344 100 213 0.939 94 0.171 1241 15904 19,646 19.6 192.7

S8(Top-5.8m)

e = s Aps £(10°) Etka/cm?) g Alcm?) Pkg) P P

= (kN) G.F HAAE a1t (107 +6) (ka/cm?) D=400 mm (P=a.A) (ton) (kN)
initial 0.0 (52) 0 2.3 0.939 0 0.171 001  1.2566 0 00 0.0

10 90.0 (55) 3 213 0939 3 0.171 041 12566 466 05 46

20 180.0 (56) 4 2.3 0.939 4 0.171 0.5 1256.6 621 06 6.1

30 2700 (57) S 213 0939 5 0.171 061 12566 776 08 76

40 360.0 (59) 7 2.13 0.939 7 0.171 0.9 1256.6 1087 11 10.7
50 4500 (62) 10 213 0939 9 0.171 12 12566 1,552 16 15.2
6.0 540.0 (69) 17 2.13 0939 16 0.171 2. 12566 2,639 26 259
70 630.0 (74) 22 213 0939 21 0.171 27+ 17566 34715 34 335
80 720.0 (84) 32 2.13 0939 30 0.171 401 12566 4967 50 487
9.0 810.0 (88) 36 213 0939 34 0.171 44112566 5588 56 548
10.0 900.0 (92) 40 2.13 0939 38 0.171 49 12566 6,200 6.2 60.9
11.0 990.0 (98) 46 213 0939 43 0.171 571 12566 7141 71 70.0
12.0 1.080.0 (103) 51 2.13 0939 48 0.171 6.3 12566 7917 79 776
13.0 11700 (109) 57 213 0939 54 0.171 70! 12566 8,848 838 86.8
140 12600 (114) 62 213 0.939 58 0.171 771 12566 G604 96 944
15.0 13500 (118) 66 213 0939 62 0.17 82 12566 10,245 10.2 100.5
16.0 14400 (124) 72 213 0.939 68 0.17 89 1,256.6 11,177 1.2 109.6
17.0 1,530.0 (125) 73 213 0.939 69 0.17 901 12566 11,332 11.3 111.1
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Appendix 2.5 Load transfer test (S9, S10 sensor)

S9(Top-6.8m)

e = ” AT £(10°) Eka/cm?) g Alcm?) P(kg) P P

= (kN) G.F HAAT a1t (10~ +6) (ka/cm?) D=400 mm (P=c-A) (ton) (kN)
initial 0.0 (368) 0 213 0939 0 0.171 001 12566 0 00 0.0
10 90.0 (370) P 2.13 0.939 2 0.171 0.2 1256.6 310 03 30
20 180.0 (371) 3 213 0939 3 0.171 041 1256 466 05 46
30 2700 (372) 4 2.13 0.939 4 0.171 0.5 12566 621 06 6.1

40 360.0 (373) S 213 0939 5 0.171 061 12566 776 08 76
50 4500 (374) 6 2.13 0939 6 0.171 0.71 12566 931 09 g

6.0 5400 (382) 14 213 0939 13 0.171 171 12566 2173 22 21.3
70 630.0 (385) 17 2.13 0939 16 0.171 2. 12566 2639 26 259
8.0 720.0 (394) 26 213 0939 24 0.171 32 12566 4036 40 39.6
g0 810.0 (397) 29 2.13 0.939 27 0.171 361 12566 4,502 45 447
10.0 900.0 (402) 34 213 0939 32 0.171 47 12566 5278 53 51.8
11.0 990.0 (407) 39 213 0.939 37 0.171 481 12566 6,054 6.1 594
12.0 1,080.0 (417 43 2.13 0.939 40 0.171 53 1,256.6 6,675 6.7 65.5
13.0 11700 (412) 44 213 0939 41 0.171 547 17566 6,830 6.8 67.0
140 1,260.0 (416) 48 213 0.939 45 0.171 59 1,256.6 7457 75 731
15.0 1,350.0 (418) 50 213 0939 47 0.171 6.2 1,256.6 7762 78 76.1
16.0 14400 (427) 53 213 0.939 50 0.171 6.5 1,256.6 8227 82 80.7
17.0 1,530.0 (425) 57 213 0.939 54 0.171 701 12566 8,848 838 86.8

S10(Top-7.8m

o = s Aps £(10°) Etka/cm?) g Alcm?) Pkg) P P

= (kN) G.F HAAE a1t (107 +6) (ka/cm?) D=350 mm (P=a.A) (ton) (kN)
initial 0.0 1,436 0 2.3 0.939 0 0.171 0.0 962.1 0 00 0.0
10 90.0 1,435 1 213 0939 1 0.171 0.1 962.1 119 0.1 12
20 180.0 1,434 P 2.3 0.939 2 0.171 0.2 962.1 238 0.2 23
30 2700 1,433 3 213 0939 3 0.171 04 962.1 357 04 35
40 360.0 1,432 4 2.13 0.939 4 0.171 0.5 962.1 475 05 47
50 4500 1,431 S 213 0939 5 0.171 0.6 962.1 594 06 58
6.0 540.0 1,426 10 2.13 0939 g 0.171 12 962.1 1188 12 1.7
70 630.0 1,424 12 213 0939 11 0.171 15 962.1 1426 14 14.0
80 720.0 1,420 16 2.13 0939 15 0.171 20 962.1 1902 19 18.6
9.0 810.0 1,408 28 213 0939 26 0.171 35 962.1 3328 33 326
10.0 900.0 1,407 29 2.13 0939 27 0.171 36 962.1 3447 34 338
11.0 990.0 1,406 30 213 0939 28 0.171 37 962.1 3565 36 35.0
12.0 1.080.0 1,402 34 2.13 0939 32 0.171 47 962.1 4,041 40 396
13.0 11700 1,401 35 213 0939 33 0.171 43 962.1 4160 42 40.8
140 12600 1,395 41 213 0.939 38 0.171 51 962.1 4873 49 478
15.0 13500 1,392 44 213 0939 41 0.17 54 962.1 5229 52 51.3
16.0 14400 1,391 45 213 0.939 42 0.17 56 962.1 5348 53 524
17.0 1,530.0 1,388 48 213 0.939 45 0.17 59 962.1 5705 5.7 55.9
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Appendix 2.6 Load transfer test (S11 sensor)

S11(Top-8.8m
e 3= T A £(10°) Eka/cm?) g Alem?) P(kg) P P
= (kN) G.F HAAT a1t (10~ +6) (kg/cm?) D=200 mm (P=c-A) (ton) (kN)
initial 0.0 325 0 213 0939 0 0.171 0.0 3142 0 00 0.0
10 90.0 324 i 2.13 0.939 1 0.171 0.1 3742 39 0.0 04
20 180.0 323 p) 213 0939 2 0.171 0.2 3142 78 0.1 0.8
30 2700 322 3 2.13 0.939 3 0.171 04 3742 176 0.1 11
40 360.0 321 4 213 0939 4 0.171 0.5 3142 155 02 15
50 4500 320 S 2.13 0939 5 0.171 0.6 3742 194 0.2 19
6.0 5400 319 6 213 0939 6 0.171 0.7 3142 233 02 23
70 630.0 317 8 2.13 0939 8 0.171 10 3742 310 03 30
8.0 720.0 315 10 213 0939 9 0.171 12 3142 388 04 38
g0 810.0 308 17 2.13 0939 16 0.171 2.1 3742 660 07 6.5
10.0 900.0 306 19 213 0939 18 0.171 23 3142 737 07 72
11.0 990.0 303 22 213 0.939 21 0.171 2.7 3742 854 09 84
12.0 1,080.0 302 23 213 0.939 22 0.171 28 3142 893 09 838
13.0 11700 300 25 213 0939 23 0.171 31 3142 970 10 95
140 1,260.0 299 26 213 0.939 24 0.171 32 3742 1,009 1.0 g3
15.0 13500 294 31 213 0939 29 0.171 38 3142 1,203 12 11.8
16.0 14400 293 32 2.3 0.939 30 0.171 40 3742 1,242 12 12.2
17.0 1,530.0 291 34 213 0.939 32 0.171 42 3142 1,319 1.3 12.9
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Appendix 2.7 Table of relations between load and transferring load

No. Depth(m}y 90 kN : 180 Kn i 270 kN i 360 kN : 450 kN : 540 kN { 630 kN { 720 kN { 810 kN { 900 kN i 990 kN : 1080 kN: 1170 kN: 1260 kN: 1350 kN: 1440 kN: 1530 kN
S1 03 85.6 1784 2593 352.0 435.3 528.0 620.8 716.0 794.5 896.7 980.0 1,0204 £ 11275 £ 1,217.8 § 1,320.1 i 1420.0 i 1,505.7
S2 0.8 785 166.5 2379 3211 406.7 475.7 582.8 673.1 756.4 839.6 930.0 987.1 1,0252 : 1,137.0 { 1,217.8 { 1,3225 { 1,390.7
S3 13 457 929 115.7 1705 216.2 263.4 327.3 382.1 433.9 488.7 566.3 607.4 635.5 693.9 724.7 771.7 807.4
S4 1.8 60.9 103.5 164.4 2253 286.2 347.1 408.0 468.9 529.8 590.7 651.5 718.5 803.8 925.6 1,053.4 { 1,163.0 { 1,260.5
S5 2.8 539 61.7 115.6 154.1 2235 316.0 385.3 462.4 5703 670.5 7244 801.5 901.7 10173 & 1,163.7 § 1,287.0 { 1,341.0
S6 3.8 186 233 373 513 83.9 116.6 177.2 2284 270.4 3124 345.0 396.3 461.5 503.5 568.8 624.7 671.3
S7 4.8 5.8 77 11.6 17.3 28.9 40.5 53:9 67.4 80.9 88.6 100.2 119.5 1329 1484 163.8 179.2 192.7
S8 5.8 4.6 6.1 76 10.7 15.2 259 335 48.7 54.8 60.9 70.0 776 86.8 944 100.5 109.6 1111
S9 6.8 3.0 4.6 6.1 76 9.1 213 25.9 39.6 441 51.8 59.4 65.5 67.0 731 76.1 80.7 86.8
S10 7.8 1.2 2.3 3:5 47 5.8 11.7 14.0 18.6 32.6 338 35.0 39.6 40.8 47.8 51.3 524 559
S11 8.8 04 0.8 1.1 1.5 1.9 2.3 3.0 3.8 6.5 7.2 84 8.8 95 9.9 11.8 12.2 12.9
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Appendix 2.8 Table of relations between load and displacement

Collection @ chosun

No. Depth(m}y 90 kN i 180 Kn : 270 kN : 360 kN 450 kN { 540 kN i 630 kN : 720 kN ; 810 kN { 900 kN : 990 kN : 1080 kN: 1170 kN: 1260 kN: 1350 kN: 1440 kN: 1530 kN
S1 03 34 70 102 139 172 208 245 283 314 354 387 403 445 481 521 561 594
Ss2 0.8 31 66 94 127 161 188 230 266 299 331 367 390 405 449 481 522 549
S3 1:3 28 57 71 105 133 162 202 236 268 301 349 375 392 428 447 476 498
sS4 1.8 9 16 25 35 44 54 63 72 82 91 100 111 124 143 162 179 194
S5 2.8 7 8 14 19 27 38 47 56 69 82 88 98 110 124 142 157 163
S6 3.8 4 5 8 10 17 23 36 46 54 63 69 80 93 101 115 126 135
S7 48 3 4 6 8 14 20 26 33 39 43 49 58 65 72 80 87 94
S8 5.8 3 4 5 7 9 16 21 30 34 38 43 48 54 58 62 68 69
s9 6.8 2 3 4 5 6 13 16 24 27 32 37 40 41 45 47 50 54
S10 7.8 1 2 3 4 5 9 11 15 26 27 28 32 33 38 41 42 45
S11 8.8 1 2 3 4 5 6 8 9 16 18 21 22 23 24 29 30 32
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Appendix 2.9 Ultimate skin friction capacity by depth

Collection @ chosun

o A% Mg I3 FHOPEE KN/mY
HE 90kN 180kN 270kN 360kN 450kN 540kN 630kN 720kN 810kN 900kN 990kN 1080kN 1170kN 1260kN 1350kN 1440kN 1530kN
0.0 44 1.6 10.7 80 147 120 92 40 15.5 33 10.0 59.6 425 422 29.9 20.0 243
! 03 44 16 10.7 80 147 120 9.2 40 155 33 100 596 425 422 299 20.0 243
03 7.1 19 214 309 28.5 52.3 38.1 428 38.1 57.1 50.0 333 1023 80.9 1023 97.5 1149
> 0.8 vy 119 214 309 285 523 38.1 428 38.1 571 50.0 333 102.3 80.9 102.3 975 1149
038 328 736 1222 150.6 1906 2124 2555 2910 3225 3510 363.7 379.7 389.6 4431 493.1 5508 583.3
> 13 328 736 122.2 150.6 190.6 2124 2555 2910 3225 351.0 363.7 379.7 389.6 4431 4931 550.8 583.3
13 15.2 107 487 54.8 70.0 837 80.7 86.8 959 102.0 85.2 1111 168.2 2317 3287 3913 453.1
. 18 15.2 107 487 548 70.0 837 80.7 86.8 959 1020 85.2 AN 168.2 2317 3287 3913 453.1
18 6.9 419 488 712 62.7 311 226 6.5 40.5 79.8 729 830 979 91.7 1103 1240 80.5
. 28 6.9 419 4838 71.2 62.7 311 226 6.5 40.5 79.8 729 83.0 97.9 91.7 110.3 1240 80.5
2.8 353 383 783 1029 139.6 1994 208.2 2340 2999 358.1 3794 405.2 440.1 513.8 5949 662.3 669.6
* 38 353 383 783 1029 139.6 1994 2082 2340 2999 358.1 3794 405.2 440.1 5138 594.9 662.3 669.6
38 129 156 25:/ 339 550 76.1 1232 161.0 189.5 2237 2448 276.8 328.6 3551 405.0 445.5 4787
o 48 129 156 25.7 339 55.0 76.1 1232 161.0 189.5 2237 2448 2768 328.6 355.1 405.0 4455 4787
48 12 16 39 6.7 137 146 205 187 26.1 27.7 302 418 46.2 54.0 63.3 69.6 81.5
* 58 12 16 39 6.7 137 146 205 187 26.1 277 302 418 46.2 54.0 63.3 69.6 815
58 1.5 115 1.5 3.0 6.1 46 76 9.1 10.7 9.1 10.7 12.2 19.8 21.3 24.4 289 244
# 6.8 1:5 15 15 30 6.1 46 76 9.1 107 9.1 107 122 198 213 244 289 24.4
6.8 19 22 26 29 33 9.7 119 209 11.5 18.0 244 258 26.2 253 248 28.2 308
*10 7.8 19 2.2 2.6 29 33 9.7 1.9 209 115 18.0 244 258 26.2 253 24.8 28.2 308
78 08 16 24 34 39 94 109 148 26.2 26.6 26.6 309 313 379 395 40.3 43.0
*n 8.8 0.8 1.6 24 3.1 39 94 109 14.8 26.2 26.6 26.6 309 313 379 395 40.3 430
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Appendix 2.10 Ultimate unit skin friction capacity by relative displacement
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s1 s2 S3 sS4 S5 S6 s7 S8 s9 s10 s11
Load
(0~0.3) z1 (0.3~0.8) 72 0.8~1.3) z3 (1.3~1.8) z4 (1.8~2.8) z5 (2.8~3.8) z6 (3.8~4.8) z7 (4.8~5.8) z8 (5.8~6.8) z9 6.8~7.8)| z10 |(7.8~8.8)| z11
0.0kN
90.0kN 9.3 0.900 91 0.900 52.2 0.900 121 0.899 25 0.899 16.1 0.899 91 0.899 10 0.898 12 0.898 ki 0.898 12 0.898
180.0kN 34 3.420 15.1 3420 1172 3419 85 3419 14.8 3418 174 3418 11.0 3417 13 3417 12 3416 20 3416 25 3415
270.0kN 228 5.905 273 5.904 194.4 5.904 388 5903 17.3 5903 356 5.902 182 5901 31 5.900 12 5.899 24 5898 37 5.898
360.0kN 16.9 7.660 394 7.659 2397 7.659 436 7658 252 7657 468 7656 240 7655 53 7654 24 7652 27 7651 50 7.650
450.0kN 31.2 9.645 36.3 9.644 303.3 9.643 55.7 9.642 222 9.641 635 9.640 389 9638 109 9.637 48 9636 30 9634 6.2 9.633
540.0kN 254 11.594 66.6 11.594 338.0 11.593 66.6 11.592 11.0 11.590 907 11.589 538 11.587 11.6 11.585 36 11.584 88 11.582 149 11.580
630.0kN 19.5 13.104 485 13.103 406.6 13.102 642 13.101 80 13.100 947 13.098 872 13.096 16.3 13.094 6.1 13.092 108 13.090 174 13.088
720.0kN 86 14.899 545 14.898 4632 14.897 69.1 14.896 2.3 14.894 106.4 14.892 1139 14.889 14.9 14.887 73 14.885 19.0 14.883 236 14.880
810.0kN 33.0 16.709 485 16.708 513.3 16.707 76.3 16.705 143 16.703 1364 16.700 134.0 16.698 208 16.695 85 16.693 10.5 16.690 416 16.688
900.0kN 69 18.689 727 18.688 558.6 18.686 812 18.685 282 18.682 162.8 18679 158.3 18677 221 18.674 73 18671 16.3 18668 423 18.665
990.0kN 213 20.359 63.6 20.358 578.9 20.356 67.8 20354 258 20351 172.5 20.348 173.2 20345 240 20.342 85 20339 222 20336 423 20333
1080.0kN 1264 22559 424 22557 604.3 22.556 884 22554 293 22551 1843 22547 195.8 22544 333 22.541 97 22537 235 22534 491 22531
1170.0kN 90.3 24959 130.2 24957 620.1 24.955 1339 24953 346 24950 200.1 24946 2324 24943 36.7 24939 157 24935 238 24932 498 24928
1260.0kN 89.5 28359 103.0 28357 705.2 28355 184.4 28353 324 28349 2336 28345 2512 28341 429 28337 170 28333 230 28330 603 28326
1350.0kN 634 31.599 1302 31.597 7849 31.595 261.6 31.592 39.0 31.588 2705 31.584 286.5 31.580 50.4 31.576 194 31572 226 31567 62.8 31.563
1440.0kN 424 34999 1242 34.996 876.6 34994 3114 34992 438 34987 3012 34983 315:2 34979 554 34974 230 34970 257 34965 64.1 34961
1530.0kN 51.7 38.549 146.3 38.546 9284 38544 360.6 38541 285 38537 3045 38532 338.6 38527 64.9 38.522 194 38518 28.0 38513 684 38.508
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Appendix 3.1 Summary of Pile Driving Analyzer(Test #1)

Pile Driving Analyzer

GWANGIU

TEST#1

F (9000) ——
V (6.34) — —

TS: 102.4
TB: -15.0

Al12 F12

WU (9060) ———
WD (9060) — —

TB: -15.8

I\
l

\
N

TS 192'44L\/<\__\/

Project Information
PROJECT: GWANGIU

PILE NAME: TEST#1
DESCR:

OPERATOR: PARK B. C.
FILE: TEST#1
2015-05-04 @& 10:22:15
Blow Number 1

Pile Properties

LE 11.3m

AR 1963.50 cm~2
EM 21317 MPa
SP 24.0 kN/m3
WS 2949.7 m/s
EA/C 1419 kN-s/m
2L/C 7.60 ms

ic 0.50[]

LP 11.2m

Quantity Results
CSX 24.5 MPa
CSI 30.7 MPa
CSB 24.4 MPa
TSX 1.1 MPa
EMX 68.8 kKN-m
RMX 2564 kN

BTA 100.0 (%)
DMX 25.5 mm
DFN 6.0 mm

Sensors
Fi:[]95.5 (1)
F2:[]1104.2 (1)

Al: [] 1060 g's/v (1)
A2: [] 1085 g's/v (1)
CLIP: OK

F1/F2: HIGH 1.72
V1/v2: OK 0.99

Version 2005.096.007
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Appendix 3.2 Pile Driving Analyzer(Test #1)

GWANGJU; Pile: TEST#1; BN: 1 (Test: 04-May-2015)
Engineering & Construction Co Ltd

05-Jan-2016
CAPWAP?Ver. 2000-1

10000.0 ~kN
Force Msd
— — Force Cpt
5000.0 —
134 ms
[T ESTERTRIT] AYTEVERTE] FURTCRNIRI IVHRIT ‘\‘u gl “4‘\ \‘ \‘\ ‘u i‘
29 Uec
-5000.0 —
Load (kN)
0.0 700.0 1400.0 2100.0 2800.0
0.00
Pile Top
3 — — — Bottom
|
. 00 2060.4 kN
IS Rs = 1568.3 kN
£ Rb = 492.1 kN
= Dy 8.4 mm
S Dmx = 9.1 mm
£ 1000
@
o
i)
o
@
o
15.00
20.00

Collection @ chosun

kN/m

kN

10000.0 kN

For. Msd

— — Vel. Msd

1600

1200
800

400 |

700
1400

2100

2800

Shaft Resistance
Distribution

Pile Forces
atRu

— 166 —



Appendix 3.3 CAPWAP TFinal Results(Test #1)

GWANGJU; Pile: TEST#1 Test: 04-May-2015
Blow: 1 CAPWAP?Ver. 2000-1
Engineering & Construction Co Ltd OP: PARK B. C.

CAPWAP FINAL RESULTS

Total CAPWAP Capacity: 2060.4; along Shaft 1568.3; at Toe 492.1 kN

Soil Dist. Depth Ru Force Sum Unit Unit Smith Quake
Sgmt Below Below in Pile of Resist. Resist. Damping
No. Gages Grade Ru (Depth) (Area) Factor
m m kN kN kN KN/m kPa s/m mm
2060.4
1 3.1 3.0 0.0 2060.4 0.0 0.00 0.00 0.000 3.040
2 5.1 5.0 0.0 2060.4 0.0 0.00 0.00 0.000 3.041
3 7.2 7.1 0.0 2060.4 0.0 0.00 0.00 0.000 3.041
4 9.2 9.1 507.7 1552.7 507.7 247.13 157.33 0.374 3.041
5 11..3 11.2 1060.5 492.1 1568.3 516.19 328.62 0.374 3.041
Avg. Skin 313.7 140.02 97.19 0.374 3.041
Toe 492.1 2506.45 0.269 2.090
Soil Model Parameters/Extensions Skin Toe
Case Damping Factor 0.413 0.093
Unloading Quake (3 of loading quake) 83 100
Unloading Level (% of Ru) 8
Resistance Gap (included in Toe Quake) (mm) 0.400
Soil Support Dashpot 1.200 0.000
Soil Support Weight (kW) 16.10 0.00
CAPWAP match quality: 3.11 (Wave Up Match)
Observed: final set = 6.000 mm; blow count = 167 b/m
Computed: final set = 18.051 mm; blow count = 55 b/m
Page 1 Analysis: 05-Jan-2016
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Appendix 3.4 Extrema Table & Case Method(Test #1)

GWANGJU; Pile: TEST#l

Blow: 1

Engineering & Construction Co Ltd

Test:
CAPWAP?Ver.
OP: PARK B. C.

04-May-2015
2000-1

EXTREMA TABLE

Pile Dist. max. min. max. max. max. max. max.
Sgmnt Below Force Force Comp. Tens. Trnsfd. Veloc. Displ.
No Gages Stress Stress Energy
m kN kN MPa MPa kJ m/s mm
1 1.0 4080.0 -18.6 20.779 -0.095 68.02 4.4 25.509
2 2.1 4127.1 -61.1 21.019 -0.311 67.75 4.3 25.133
3 3.1 4210.5 -101.9 21.444 -0.519 67.32 4.2 24.530
4 4.1 4263.4 -145.7 21.713 -0.742 66.94 4.2 24.014
5 5.1 4318.5 -178.6 21.994 -0.910 66.54 4.1 23.495
6 6.2 4344.7 -191.6 22.127 -0.976 66.10 4.1 22.939
7 7.2 4412.0 -208.8 22.470 -1.064 65.71 4.0 22.450
8 8.2 4527.2 -227.5 23.057 -1.159 65.35 3.9 21.983
9 9.2 4523.2 -253.4 23.036 -1.291 64.96 3.9 21.458
10 10.3 3408.6 -187.1 17.360 -0.953 48.02 3.9 21.105
11 11.3 3322.3 -211.7 16.921 -1.078 16.08 3.9 20.864
Absolute 8.2 23.057 (T 24.7 ms)
9.2 -1.291 (T 49.1 ms)
CASE METHOD
J = 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
RS1 4920.4 4449.2 3977.9 3506.6 3035.3 2564.0 2092.7 1621.4 1150.1 678.8
RMX 5163.0 4663.5 4164.0 3664.5 3165.0 2665.5 2166.0 1666.5 1583.0 1521.7
RSU 5163.0 4663.5 4164.0 3664.5 3165.0 2665.5 2166.0 1666.5 1167.0 667.5
RAU= 1400.7 (kKN); RA2= 1869.5 (kN)
Current CAPWAP Ru= 2060.4 (kN); Corresponding J(Rs)= 0.61; J(Rx)=0.62
VMK VEN VT1*Z FT1 FMX DMX DEN EMX RLT
m/s m/s IS kN kN mm mm kJ kN
4.19 0.00 5843.7 3789.6 4811.1 25.498 5.981 68.8 4369.6
Page 2 Analysis: 05-Jan-2016
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Appendix 3.5 Pile Profile and Pile model(Test #1)

GWANGJU; Pile: TEST#l

Blow: 1

Engineering & Construction Co Ltd

Test:

04-May-2015

CAPWAP?Ver. 2000-1
OP: PARK B. C.

PILE PROFILE AND PILE MODEL

Depth Area E-Modulus Spec. Weight Circumf.
m cm? MPa N /13 m
0.00 1963.50 21316.7 24.026 1.571
11.30 1963.50 21316.7 24.026 1.571
Toe Area 0.196 m
Segmnt Dist. Impedance Imped. Tension Conpression Circ.
Number B.G. Change Slack Eff. Slack Eff.

m K/m/s % mm mm m
1 1.03 1689.30 19.05 15.000 1.150 -0.000 0.000 1.571
2 2.05 1204.30 -15.13 0.000 0.000 -0.000 0.000 1.571
3 3.08 787.40 -44.51 0.000 0.000 -0.000 0.000 1.571
4 4.11 966.00 -31.92 0.000 0.000 -0.000 0.000 1.571
5 5.14 998.80 -29.61 0.000 0.000 -0.000 0.000 1.571
6 6.16 956.60 -32.59 0.000 0.000 -0.000 0.000 1.571
7 7.19 1075.40 -24.21 0.000 0.000 -0.000 0.000 1.571
8 8.22 1106.70 -22.01 0.000 0.000 -0.000 0.000 1.571
9 9.25 952.50 -32.88 0.000 0.000 -0.000 0.000 1.571
10 10.27 947.90 -33.20 0.000 0.000 -0.000 0.000 1.571
11 11.30 1206.60 -14.97 0.000 0.000 -0.000 0.000 1.571

Pile Damping 2.0 %, Time Incr 0.348 ms, Wave Speed 2949.7 m/s
Page 3 Analysis: 05-Jan-2016
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Appendix 3.6 Summary of Pile Driving Analyzer(Test #2)

Pile Driving Analyzer

GWANGIU TEST#2

F (10000) —— A12 F12
V (5.20) — —

TS: 102.4 \ -
TB: -15.0 S~ —

WU (10000) ———
WD (10000) — —

TS: 102.4

TB: -15.0
Project Information Quantity Results
PROJECT: GWANGIU CSX 36.6 MPa
PILE NAME: TEST#2 CSI 40.1 MPa
DESCR: CSB 43.9 MPa
OPERATOR: PARK B. C. TSX 6.6 MPa
FILE: A-2 EMX 73.8 kN-m
2015-05-04 @& 10:34:42 RMX 3008 kN
Blow Number 1 BTA 100.0 (%)
DMX 24.3 mm
Pile Properties DFN 4.0 mm
LE 11.3m
AR 1963.50 cm”2 Sensors
EM 39200 MPa Fi:[]95.5 (1)
SP 24.0 kN/m3 F2:[]1104.2 (1)
WS 4000.0 m/s Al: [] 1060 g's/v (1)
EA/C 1924 kN-s/m A2: [] 1085 g's/v (1)
2L/C 5.60 ms CLIP: OK
ic 0.50[] F1/F2: HIGH 1.52
LP 11.2m V1/V2: OK 0.94
Version 2005.096.007
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Appendix 3.7 Pile Driving Analyzer(Test #2)

GWANGJU; Pile: TEST#2; BN: 1 (Test: 04-May-2015) 05-Jan-2016
Engineering & Construction Co Ltd CAPWAP?Ver. 2000-1
10000.0 kN 10000.0 kN
Force Msd For. Msd
— — Force Cpt — — Vel Msd

39 Ue
-5000.0 — .5000.0 b Pile
Load (kN) 1000
0.0 700.0 1400.0 2100.0 2800.0 Shaft Resistance
0.00 750 Distribution
= Pile Top
| — — — Bottom
I £ s
z
E |
5.00 |
. 2078.8 kN
£ Rs = 16225 kN 20 [
£ Rb = 4563 kN |
= Dy 5.4 mm 0
S Dmx = 6.0 mm "
£ 10.00 P”; Forces
8 700 atRu
©
s
= Z 1400
15.00
2100
2800
20.00
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Appendix 3.8 CAPWAP Final Results(Test #2)

GWANGJU; Pile: TEST#2 Test: 04-May-2015
Blow: 1 CAPWAP?Ver. 2000-1
Engineering & Construction Co Ltd OP: PARK B. C.

CAPWAP FINAL RESULTS

Total CAPWAP Capacity: 2078.8; along Shaft 1622.5; at Toe 456.3 kN

Soil Dist. Depth Ru Force Sum Unit Unit Smith Quake
Sgmt Below Below in Pile of Resist. Resist. Damping
No. Gages Grade Ru (Depth) (Area) Factor
m m kN kN kN KN/m kPa s/m mm
2078.8
1 3.1 3.0 0.0 2078.8 0.0 0.00 0.00 0.000 2.540
2 5.1 5.0 0.0 2078.8 0.0 0.00 0.00 0.000 2.541
3 7.2 7.1 87.1 1991.6 87.1 42.41 27.00 0.080 2.541
4 9.2 9.1 576.1 1415.5 663.3 280.43 178.52 0.080 2.541
5 11..3 11.2 959.2 456.3 1622.5 466.87 297.22 0.080 2.541
Avg. Skin 324.5 144.86 100.55 0.080 2.541
Toe 456.3 2323.76 1.313 1.420
Soil Model Parameters/Extensions Skin Toe
Case Damping Factor 0.068 0.311 Smith Type
Unloading Level (% of Ru) 0
Soil Plug Weight (kN) 1.88
Soil Support Dashpot 2.300 0.000
Soil Support Weight (kN) 16.10 0.00
CAPWAP match quality: 3.27 (Wave Up Match)
Observed: final set = 4.000 mm; blow count = 250 b/m
Computed: final set = 5.287 mm; blow count = 189 b/m
Page 1 Analysis: 05-Jan-2016
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Appendix 3.9 Extrema Table & Case Method(Test #2)

GWANGJU ;
Blow: 1

Pile:

TEST#2

Engineering & Construction Co Ltd

Test:
CAPWAP?Ver.

04-May-2015

2000-1

OP: PARK B. C.

EXTREMA TABLE

Pile Dist. max. min. max. max. max. max. max.
Sgmnt Below Force Force Comp. Tens. Trnsfd. Veloc. Displ.
No Gages Stress Stress Energy
m kN kN MPa MPa kJ m/s mm
1 1.0 6120.9 -345.9 31.173 -1.762 72.63 4.7 22.614
2 2.1 5550.4 -345.9 28.268 -1.762 72.40 4.9 22.382
3 3.1 5337.9 -337.9 27.186 -1.721 72.06 5.0 22.033
4 4.1 5229.6 -325.4 26.634 -1.657 71.67 5.1 21.629
5 5.1 5127.7 -308.2 26.115 -1.570 71.23 5.2 21.180
6 6.2 4977.9 -282.4 25.352 -1.438 70.79 5.3 20.730
7 7.2 4906.6 -251.7 24.989 -1.282 70.32 5.3 20.255
8 8.2 4918.4 -213.2 25.049 -1.086 67.86 5.2 19.777
9 9.2 5262.2 -178.9 26.800 -0.911 67.31 Sl 19.217
10 10.3 4776.4 -123.3 24.326 -0.628 54.98 4.4 18.740
11 11.3 4651.5 -75.2 23.690 -0.383 35.35 4.6 18.391
Absolute 1.0 31.173 (T 21.3 ms)
1.0 -1.762 (T 45.2 ms)
CASE METHOD
J = 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
RS1 6880.8 6106.3 5331.7 4557.2 3782.7 3008.1 2233.6 1459.0 684.5 0.0
RMX 6880.8 6106.3 5331.7 4557.2 3782.7 3008.1 2233.6 1751.4 1747.5 1747.2
RSU 6880.8 6106.3 5331.7 4557.2 3782.7 3008.1 2233.6 1459.0 684.5 0.0
RAU= 1747.2 (KN); RA2= 1852.3 (kN)
Current CAPWAP Ru= 2078.8 (kN); Corresponding J(Rs)= .62; J(Rx)=0.63
VMK VEN VT1*Z FT1 FMX DMX DEN EMX RLT
m/s m/s IS kN kN mm mm kJ kN
4.32 0.00 8316.8 6309.5 7194.6 24.282 3.995 73.8 5219.2
Page 2 Analysis: 05-Jan-2016
- 173 -
Collection @ chosun



Appendix 3.10 Pile Profile and Pile model(Test #2)

GWANGJU; Pile: TEST#2

Blow: 1

Engineering & Construction Co Ltd

Test:

04-May-2015

CAPWAP?Ver. 2000-1
OP: PARK B. C.

PILE PROFILE AND PILE MODEL

Depth Area E-Modulus Spec. Weight Circumf.
m cm? MPa N /13 m
0.00 1963.50 39200.0 24.026 1.571
11.30 1963.50 39200.0 24.026 1.571
Toe Area 0.196 m
Segmnt Dist. Impedance Imped. Tension Conpression Circ.
Number B.G. Change Slack Eff. Slack Eff.

m K/m/s % mm mm m
1 1.03 1924.20 0.00 0.000 0.000 -0.000 0.000 1.571
3 3.08 1334.40 -30.65 0.000 0.000 -0.000 0.000 1.571
4 4.11 1169.00 -39.25 0.000 0.000 -0.000 0.000 1.571
5 5.14 1058.20 -45.01 0.000 0.000 -0.000 0.000 1.571
6 6.16 1065.40 -44.63 0.000 0.000 -0.000 0.000 1.571
7 7.19 1027.60 -46.60 0.000 0.000 -0.000 0.000 1.571
8 8.22 987.70 -48.67 0.000 0.000 -0.000 0.000 1.571
9 9.25 856.50 -55.49 0.000 0.000 -0.000 0.000 1.571
10 10.27 718.40 -62.67 0.000 0.000 -0.000 0.000 1.571
11 11.30 1004.90 -47.78 0.000 0.000 -0.000 0.000 1.571

Pile Damping 2.0 %, Time Incr 0.257 ms, Wave Speed 4000.0 m/s
Page 3 Analysis: 05-Jan-2016
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Appendix 3.11 Summary of Pile Driving Analyzer(WOOBAN)

Pile Driving Analyzer

WOOBAN

MAIN-21R

F (6000) ——
V (4.23) — —

TS: 102.4
TB: -15.0

Al2 F12

WU (6060) ———
WD (6000) — —

TS: 102.4
TB: -15.8

Project Information
PROJECT: WOOBAN

PILE NAME: MAIN-21R
DESCR:

OPERATOR:

FILE: MAIN-21R
2015-12-15 @& 10:04:08
Blow Number 1

Pile Properties

LE 15.2m

AR 1963.50 cm~2
EM 21317 MPa
SP 24.0 kN/m3
WS 2949.7 m/s
EA/C 1419 kN-s/m
2L/C  10.40 ms

ic 0.70[]

LP 15.0m

Quantity Results
CSX 17.1 MPa
CSI 17.1 MPa
CSB 14.7 MPa
TSX 1.6 MPa
EMX 20.0 kN-m
RMX 2034 kN

BTA 100.0 (%)
DMX 18.0 mm
DFN 1.0 mm

Sensors

Fi: [F2] 95.5 (1)

F2: [F2] 104.2 (1)

Al: [A1] 1060 g's/v (1)
A2: [A2] 1085 g's/v (1)
CLIP: OK

F1/F2: OK 1.13

V1/v2: OK 1.03

Version 2005.096.007
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Appendix 3.12 Pile Driving Analyzer(WOOBAN)

WOOBAN; Pile: MAIN-21R; BN: 1 (Test: 15-Dec-2015) 05-Jan-2016
Engineering & Construction Co Ltd CAPWAP?Ver. 2000-1
6000.0 kN 6000.0 kN
Force Msd For. Msd
— — Force Cpt — — Vel Msd
3000.0 3000.0

14 124 ms 5\ 124 ms
0.0 oy it mm‘muuu\ L b ool sy by b Ll
Y I f =T T N SV N T ==t f Eiia = !
19 Uc N 19 Lic
i
-3000.0 — .3000.0 Pile
Load (kN) 400
00 500.0 1000.0 1500.0 2000.0 Shaft Resistance
0.00 300 Distribution
~N Pile Top
b et
S Bottom c
1 S 200 -
= |
_ 1000 Ru = 14466 kN 100 !
£ Rs = 10645 kN |
£ Rb = 382.2 kN |
e Dy = 10.2 mm |
S Dmx = 115 mm '
£ 20.00 Pile Forces
@ 500 atRu
o
©
s
o < 1000
30.00
1500
2000
40.00
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Appendix 3.13 CAPWAP Final Results(WOOBAN)

WOOBAN; Pile: MAIN-21R Test: 15-Dec-2015
Blow: 1 CAPWAP?Ver. 2000-1
Engineering & Construction Co Ltd

CAPWAP FINAL RESULTS

Total CAPWAP Capacity: 1446.6; along Shaft 1064.5; at Toe 382.2 kN

Soil Dist. Depth Ru Force Sum Unit Unit Smith Quake
Sgmt Below Below in Pile of Resist. Resist. Damping
No. Gages Grade Ru (Depth) (Area) Factor
m m kN kN kN KN/m kPa s/m mm
1446.6
1 3.0 2.8 0.0 1446.6 0.0 0.00 0.00 0.000 5.540
2 5.1 4.9 0.0 1446.6 0.0 0.00 0.00 0.000 5.547
3 7.1 6.9 61.0 1385.7 61.0 30.10 19.16 0.939 5.547
4 9.1 8.9 118.3 1267.4 179.3 58.37 37.16 0.939 5.547
5 11...1 10.9 184.0 1083.4 363.3 90.78 57.79 0.939 5.547
6 13.2 13.0 325.7 757.7 688.9 160.69 102.30 0.939 5.547
7 15.2 15.0 375.6 382.2 1064.5 185.31 117.97 0.939 5.547
Avg. Skin 152.1 70.97 47.717 0.939 5.547
Toe 382.2 1946.32 1.408 5.330
S0il Model Parameters/Extensions Skin Toe
Case Damping Factor 0.704 0.379
Unloading Quake (% of loading quake) 3 26
Unloading Level (% of Ru) 25
Resistance Gap (included in Toe Quake) (mm) 1.770
Soil Support Dashpot 1.200 0.000
Soil Support Weight (kW) 15.90 0.00
CAPWAP match quality: 2.03 (Wave Up Match)
Observed: final set = 1.000 mm; blow count = 1000 b/m
Computed: final set = 8.192 mm; blow count = 122 b/m
Page 1 Analysis: 05-Jan-2016
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Appendix 3.14 Extrema Table & Case Method(WOOBAN)

WOOBAN; Pile: MAIN-21R

Test: 15-Dec-2015

Blow: 1 CAPWAP?Ver. 2000-1
Engineering & Construction Co Ltd
EXTREMA TABLE
Pile Dist. max. min. max. max. max. max. max.
Sgmnt Below Force Force Comp . Tens. Trnsfd. Veloc. Displ.
No. Gages Stress Stress Energy
m kN kN MPa MPa kJ m/s mm
1 1.0 3309.5 -223.0 16.855 -1.136 43.26 2.5 17.205
2 2.0 3216.9 -234.7 16.383 -1.195 43.06 2.5 16.864
3 3.0 3202.1 -287.7 16.308 -1.465 42 .92 2.5 16.612
4 4.1 3250.7 -304.0 16.555 -1.548 42.79 2.5 16.380
5 Sl 3336.5 -309.6 16.993 -1.577 42 .64 2../5 16.118
6 6.1 3465.6 -323.6 17.650 -1.648 42 .48 2.4 15.834
7 7.1 3576.1 -342.2 18.213 -1.743 42 .30 2.3 15.529
8 8.1 3465.4 -333.9 17.649 -1.700 40.04 2.2 15.184
9 9.1 3499.2 -353.8 17.821 -1.802 40.00 2.2 14.833
10 10.1 3191.5 -328.6 16.254 -1.673 36.29 2.1 14.555
11 11.1 3209.1 -350.6 16.344 -1.786 36.28 2.1 14.274
12 12.2 2767.9 -306.3 14.097 -1.560 31.09 2.1 14.029
13 13..2 2869.2 -309.0 14.613 -1.574 31.08 25l 13.924
14 14.2 2206.8 -207.1 11.239 -1.055 23.02 2.0 13.808
15 15.2 2243.7 -206.4 11.427 -1.051 14.44 2.0 13.682
Absolute br 1 18.213 (T = 27.5 ms)
9.1 -1.802 (T = 48.4 ms)
CASE METHOD
J = 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
RS1 3998.1 3717.5 3436.8 3156.2 2875.6 2594.9 2314.3 2033.6 1753.0 1472.4
RMX 3998.1 3717.5 3436.8 3156.2 2875.6 2594.9 2314.3 2033.6 1753.0 1472.4
RSU 3822.8 3524.6 3226.5 2928.3 2630.1 2331.9 2033.8 1735.6 1437.4 1139.3
RAU= 386.5 (kKN); RA2= 1486.0 (kN)
Current CAPWAP Ru= 1446.6 (KN); Corresponding J(Rs)= 1.00; J(Rx)=1.00
VMX VEN VT1*Z FT1 FMX DMX DEN EMX RLT
m/s m/s kN KN iS5 mm mm kJ kN
2.45 0.00 3475.7 3328.8 3353.0 18.015 0.986 44.0 4629.6
Page 2 Analysis: 05-Jan-2016
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Appendix 3.15 Pile Profile and Pile model(WOOBAN)

WOOBAN; Pile: MAIN-21R

Blow: 1

Engineering & Construction Co Ltd

Test: 15-Dec-2015

CAPWAP?Ver. 2000-1

PILE PROFILE AND PILE MODEL

Depth Area E-Modulus Spec. Weight Circumf.
m cm? MPa KN /m3 m
0.00 1963.50 21317.0 24.026 1.571
15.20 1963.50 21317.0 24.026 1.571
Toe Area 0.196 w?
Segmnt Dist. Impedance Imped. Tension Conpression Circ.
Number B.G. Change Slack Eff. Slack Eff.

m KN/m/s % mm mm m
1 1.01 1250.60 -11.87 15.000 0.400 -0.100 0.200 1.571
2 2.03 1293.20 -8.86 0.000 0.000 -0.000 0.000 1.571
3 3.04 1491.30 5.10 0.000 0.000 -0.000 0.000 1.571
4 4.05 1598.00 12.62 0.000 0.000 -0.000 0.000 1.571
5 5.07 1437.10 1.28 0.000 0.000 -0.000 0.000 1.571
6 6.08 1336.20 -5.83 0.000 0.000 -0.000 0.000 1.571
7 7.09 1258.10 -11.34 0.000 0.000 -0.000 0.000 1.571
8 8.11 1072.00 -24.45 0.000 0.000 -0.000 0.000 1.571
9 9.12 1096.20 -22.175 0.000 0.000 -0.000 0.000 1.571
10 10.13 1311.70 -7.56 0.000 0.000 -0.000 0.000 1.571
11 11.15 1283.20 -9.57 0.000 0.000 -0.000 0.000 1.571
12 12.16 1168.60 -17.65 0.000 0.000 -0.000 0.000 1.571
13 13.17 1208.00 -14.87 0.000 0.000 -0.000 0.000 1.571
14 14.19 1191.40 -16.04 0.000 0.000 -0.000 0.000 1.571
15 15.20 1167.20 -17.74 0.000 0.000 -0.000 0.000 1.571

Pile Damping 2.0 %, Time Incr 0.344 ms, Wave Speed 2949.7 m/s
Page 3 Analysis: 05-Jan-2016
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Appendix 4.1 Maximum designed tension loading(D400) = 1,200kN

Ao 1 dsks| sl&sks
. B (1,200.0kN) ] | (400.0kN) & Load Eiacy
5% 15% KN) | A A
Load Stage(%)
1 Loading 5 15 60.0 5
2 Loading 10 30 120.0 5
3 Loading 15 45 180.0 5
4 Loading 20 60 240.0 5
5 Loading 25 i) 300.0 5
6 Loading 30 90 360.0 5
7 Loading 35 105 420.0 5
3 Loading 40 120 480.0 5
9 Loading 45 135 540.0 5
10 Loading 50 150 600.0 5
11 Loading 55 165 660.0 5
D400 12 Loading 60 180 720.0 5
1 Cycle, 13 Loading 65 195 780.0 5t
14 Loading 70 210 340.0 5
15 Loading i) 225 900.0 5
16 Loading 30 240 960.0 5
17 Loading 35 255 1,020.0 5
13 Loading 90 270 1,080.0 5
19 Loading 95 285 1,140.0 5
20 Loading 100 300 1,200.0 5
21 Unloading i) 225 900.0 5
22 Unloading 50 150 600.0 5
23 Unloading 25 i) 300.0 5
34 Unloading 0 0 0 5

Collection @ chosun
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Appendix 4.2 Maximum designed tension loading(D500) = 1,300kN

Ao 1 gsks| sl&sks
. ) (1,200.0kN) ] | (400.0kN) ¢ Load st
5% 15% (kN) Fr A Al

Load Stage(%)

1 Loading 5 15 90.0 5
2 Loading 10 30 180.0 5
3 Loading 15 45 270.0 5
4 Loading 20 60 360.0 5
5 Loading 25 i) 450.0 5
6 Loading 30 90 540.0 5
7 Loading 35 105 630.0 5
3 Loading 40 120 720.0 5
9 Loading 45 135 310.0 5
10 Loading 50 150 900.0 5
11 Loading 55 165 990.0 5
D500 12 Loading 60 180 1,080.0 5
1 Cycle, 13 Loading 65 195 1,170.0 5t
14 Loading 70 210 1,260.0 5
15 Loading i) 225 1,350.0 5
16 Loading 30 240 1,440.0 5
17 Loading 35 255 1,530.0 5
13 Loading 90 270 1,620.0 5
19 Loading 95 285 1,710.0 5
20 Loading 100 300 1,300.0 5
21 Unloading i) 225 1,350.0 5
22 Unloading 50 150 900.0 5
23 Unloading 25 i) 450.0 5
34 Unloading 0 0 0 5

Collection @ chosun
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Appendix 4.3 Results of tension loading test pile No. 5 (C.P.R D400mm)

A@eE | BYel | wwdel 5 S
A s Al
(kN) (m) (m) A WMo | B siga

1 60.0 2.395

2 120.0 5.570

3 180.0 7.245

4 240.0 8.860

5 300.0 10.800

6 360.0 12.120

7 420.0 14.360

8 480.0 16.360

0.3
9 540.0 9.0 . 18.440
(g4

10 600.0 20.690

11 660.0 23.960

12 720.0 32.360

13 750.8 61.085 28.955
14 530.0 60.705

15 350.0 59.625

16 175.0 52.930

17 0.0 32.130
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Appendix 4.4 Results of tension loading test pile No. 11 (C.P.R D400mm)

AgeE | wYRel | =&l )
et
(kN) (m) M) s wmey | vy Y

1 60.0 4.075

2 120.0 5.730

3 180.0 8.200

4 240.0 10.315

5 300.0 12.545

6 360.0 15.375

7 420.0 17.520

3 480.0 19.660

9 540.0 9.0 0.3 21.480

10 600.0 (I 23.880

11 660.0 26.100

12 720.0 29.330

13 730.77 34.905

14 480.0 44 360

15 390.0 74.945 27.720
16 260.0 73.565

17 130.0 70.060

18 0.0 47.225
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Appendix 4.5 Results of tension loading test pile No. 8 (C.P.R D500mm)

NgEE | Bl | wEo] 51 % )
Al shekA|
(kN) (m) (m) =AWl | v wew

1 90.0 1.050

2 180.0 2815

3 270.0 4545

4 360.0 6.360

5 450.0 8.100

6 540.0 9.870

7 630.0 11.560

8 720.0 13550

9 810.0 . 15940

9.0 )

10 900.0 (122 18490

1 990.0 21.130

12 1,040.0 26.340

13 980.0 39.955

14 990.0 61.220 31760
15 800.0 60.160

16 400.0 56.470

17 200.0 45.480

18 0.0 29.460
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Appendix 4.6 Results of tension loading test pile No. 14 (C.P.R D500mm)

ko A 4ol rEo] 9] 7 (mm)
A} sk A
(1N) (m) (m) A welw | ey e

1 90.0 4650

2 180.0 7650

3 2700 10.455

4 360.0 12:350

5 4500 14,650

6 540.0 17.330

7 630.0 19.550

8 7200 00 03 92,120

9 810.0 RIAE=) | 95340

10 900.0 98,550

1 990.0 33.845

12 1,051.0 44770

13 840.0 73.895 27,950
14 560.0 67.835

15 280.0 66.520

16 00 41.945
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