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Summary of Research Results
I. Title
Development of Design and Construction Method of Ground—-Reinforcing
Helical Pile Equiped with bearing capacity measuring system

IT. Purpose and Needs of Research and development

The helical pile is a manufactured steel pile foundation consisting of one or
more helix—shaped bearing plates affixed to a central shaft that is rotated
into the ground to support structural loads. Although the helical pile does
not need grouting, and there is little noise and vibration during
construction, a lack of understanding of bearing capacity of helical pile
makes the pile difficult to be popularly adopted in construction sites. In
Korea, the helical pile is used only when the design loads are under 50
tons which is similar to micro—pile design loads. In the case of micro—pile,
boring and injection of cement paste is generally necessary when the pile
is constructed. However, because the helical pile which is installed into the
ground by rotating the shaft needs no boring or grout process, and the pile
can be constructed quickly with little noise and vibration. Consequently, this
type of piles is taken into granted as a competitive pile structure compared
to other micro—piles.

In general, design of pile structures is processed being followed by site
investigation, measurement of strength of the ground, prediction of bearing
capacity of the pile which will be constructed, and determination of the
number and penetration depth of the piles according to the predicted
bearing capacity, and construction cost of the pile structures is influenced
by the accuracy of the predicted bearing capacity. However, there are many
cases that a real bearing capacity measured through loading tests after
construction is so much different from the predicted bearing capacity in the
design steps. The reason for the difference is attributable to the
disturbance and distressing of the sample during ground investigation and
the use of bearing capacity prediction formula that is not appropriate to
express the dynamic bearing capacity of the ground. Thus, after measuring
bearing capacity through a loading test in the design step, the use of this
bearing capacity in design of pile structures is the best way for design
since an accurate prediction of bearing capacity is impossible in the current
situation. However, when it comes to economic feasibility, constructability,
and design schedule, performing loading tests during design steps are very



difficult.

Therefore, the purpose of this study is developing a design and
construction method for a novel helical pile equipped with a bearing
capacity measurement system. This design and construction method would
overcome the practical difficulties observed in helical piles, meet the
engineering requirement such as resistance to compression, bucking and
bending, and maximize the bearing capacity of helical pile, and thus
stimulate the market of helical piles.

IM. Contents and Scope of Research and Development

The purpose of this study is developing a design and construction method
of a novel helical pile equipped with a bearing capacity measurement
system, which would overcome the practical difficulties observed in helical
piles in design steps, meet the engineering requirement such as resistance
to compression, bucking and bending, and maximize the bearing capacity
of helical pile, and thus stimulate the market of helical piles. In the first
research period, preliminary studies and determination of the optimum
helical pile configuration were conducted. In addition, the variation in
bearing capacity is analyzed by performing a trial construction test. In the
second research period, With consideration of the results from the first
research period, the mechanical behavior of helical piles along with various
ground conditions and design loads was investigated. Along with
manufacturing the new helical pile and evaluating its performance,
development of the construction method and the specification of helical
piles was made. Finally, the tailor-made construction equipment and
operation system for design and maintenance of helical piles have been
proposed.

IV. Results of Research and Development

The design and construction method for the novel helical pile, which meet
the engineering requirements is developed through the current research. An
operation system for helical piles are produced. In addition, economic
feasibility is conducted by comparing the helical pile with similar
construction methods to produce a prototype of helical piles, and evaluate
its performance. A novel helical pile equipped with a bearing capacity
measurement system is devised in this research. Furthermore, a design and
construction method for reinforcing helical piles was developed by applying
the grouting technology. Finally, the construction equipment and
design/operation software system for helical piles were developed along



with a guideline for management.

V. Application of Research and development

According to the research results and development, the helical pile can be
highly recommended with respect to economic feasibility, constructability,
and versatility for various ground conditions and structural loads. Moreover,
by adopting the develped process, commercialization for helical piles will be
promoted. The results from the research are also used to similar helix—type
reinforcing structures such as a helical anchor.
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A Ao AAHe 7k Ao AAAHn o FHnpdde] gor AHAst= WyolH,
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I E3E AA o] o] e Ao dAA de] ARSI it Cylindrical shear
method= Wdd A3 Abo] o] Awk AA7E Ak Adsto], i Alo]o] Anto] AFH
o2 HAago] TAstE AL 7HAste] AAHES A= WH o]t (Mooney et al., 1985).
w2} A Cylindrical shear methodell A& #Agld std o] XA 8-S Hatdh duke] Ak #

=
B 9EF AW A9, dgn 9% 4 F9 Funade) gow Adsty
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'| ¥ LI e +
Ho + t
[ : 1
HllH H :
b L L
(a) Individual bearing method (b) Cylindrical shear method

8 2.3.1.1 &elZ ool XX HotLs

Torque correlation method:= @FoA SAHEE EAFLS AAY o= A&3= 49
Aol W o2 Hoyt and Clemence(1989)0 2]3l AlFAle] HFEAS} A A& AT
7 AH=E A Hoyt and Clemence(1989)+= tTh¥3st Alg Al#lE  Individual bearing
method, Cylindrical shear method, Torque correlation method &2 o =3 x| x| &9 =A%

A Fe  gigk H&(Qact/Qcale)s EAIFS=E FASAT. AlF Al %5, Individual

bearing methodE 483t Zg-ol&= A AAHIG o F AAHY v & T4 1.26, 3
T 156, A= 1.282 #2439t} Cylindrical shear methodES 483 49+ <
&gk 115, Hargk 150, 592 118U S HoF% 2™, Torque correlation method®] 7

4
AwA 23E 29 2.3.1.20 Yepflen, AAg oS5 el tig AlFAREE

1>
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Occurances

Occurances

et e I L L
L= N+ = B Y L R Y

b

P - S - R G

B e T T . T K R K
=T L T = = - [ = i L I N

Median Value = 126
Maan Valua = 1.56
Standard Deviation = 128

i H I | Wl s sl 6 55w

L N P T s e T R

e e, s, R e, TR, TS, S . T, .
Ratio Q. /Qus

(a) Individual bearing method

o e 3 m

Median Value = 1.15
Maan Value = 1.50
Standard Deviation = 1.18
DHHN : H IHIEIII'II IDIDIDII'I.EI.FI BBl e oo o o]
o .a‘.ﬁ o a g nf'f‘ .-V“fl* rlf.!' e r,:ﬁ A t,fﬁ e ;;F . .JF' wr AP
Ratio Q,./Q a0
(b) Cylindrical shear method
Median Value = 1.30
M Moan Valua = 1.49
Standard Doviation = 0.88
nll NN H,n,H,H, ol m
et o AP ) At 4P q? AT At W WP W P g e 8 e AT

Ratio Q,, Q.

(c) Torque correlation method
8 2.3.1.2 Hoyt and Clemence(1989)2] SH =4
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P— Nsin\—puNcos A =

SF, =

21 (2.2.b)

N(sin\+ pcos\)

P=

2 (2.2.c)

0

Q— Ncos A+ uNsin A

5F, =

21 (2.2.d)

@/ (cosA— psin)\)

N=

N(cosA— psin)),
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(a) YAF FHop2217]
08 2.3.1.4 LIANSY

A 2245 A Q2bel st vEAS p, MEAFE pE p=tanp= HERW 4
(23) & #AE 25 5 Atk A 23S ] FASHH A (243 2k

SinA -+ pucosA tan\+ tan A+tanp 2
pr— T = = 2‘
P=Q s psin\ @iz ptan\ 1—tanp - tan\ 3 23)
I+ pm
P=Qtan(\+p)=Q % 2] (2.4)

mdy, — gl

WALE obdl WEom g e @ Pl WEel wHE Hm BAW Yo 4

(25)9F o] A 4 gt
P=Qtan(p—\) 21 (2.5)

4 4%t 4 25)oERE W goledtd AW 3 7,9 S ojgFow

e Ardd 2a3 BEA T,E A @69 4 Q7DeE YER I

d2 d2
T, = Po= Q tan A\ +p) 2] (2.6)
d2 d2

o71A, dyi LhAbe] FEA A WP 3t o A o)

o
BY
=
S
o
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ol

sl

= o= 4 G2 2k

Pu = unltAn +OzH(71’.D) &l <31>

AN, g ¢ FEAAEE
A, : oA JAs ke W
a @ Ak F apele] R
H: A5 Uy 9axe] & Aol
D %o A%

dutx o g Aeke] =32 2322 Terzaghi(1943)2] A<kl o]y} Meyerhof(1951)2] A<t
215 A3}, Terzaghi®] A|ot2lS A3 Meyerhof2] A|ot2lo] HHZA O Z AL
ATE Meyerhofe] A|oHAlS ARE-sle] 7 oo Adk AAHS A s AME F3H7

A& S A (32)¢ 2k

G = ¢N.sd,+q Ns,d,+0.5vBN,s.d, 2 (3.2)

N, N, N, + AA A
S50, - BAAF
d,d,d. @ A=A

Hansen(1970)3} Vesic(1974)2 719 A2 A AFEHAE P 9 o] AFE &
Aote] AR AAHY 53 XA He oo %H& A al
ATk 2 (32)0 AFEHE AAHA T} AT, AEATE 22 4 (33) e,

AE At 712 AS5Y 2ol= 28 2.3.1.59] e

=

= e™"*"tan” (45 + %), N, = (N,— 1)cotd, N, = (N, — 1)tan(1.40) 2] (3.3.a)

_31_



¢ B B B

s, = 1+ f =1+ Ftan®,s, = 1= 04— 21 (3.3.b)
_ _ : 2 — — H Al
d,=1+04K,d,= 1+2Ktan®(1—sind)*,d, =1, K= arctan(E) 2} (3.3.¢)
1,000 7
Foro=0 : ,"
Terzaghi Mayerhof/Hansen "' 4
5 N A

100

Bearing Capacity Factors

~Meyerhof/Hansen

2" I £ .
’ . —Terzaghi
/ ’
% L K -

0 10 20 30 40 50
Internal Angle of Friction (deg)

g 2.3.1.5 XK= A==

o714, & 1 Axke] Wbz

A B2 g, 5 AAsk=d 3lef, Terzaghi(1943)9] At4 oy} Meyerhof(1951)9] A
or2] ol9lol = A Al oA FEEBAAF(SPT)NA == A 2o thakaA AAH
A tH(Perko, 2009). AEA RN ¢, 5 =3 A on, A% AT A
dolAM eldA &8 70%0A4 2 SPT B4 359 ¢, 9 #7AE 19 2.3.1.6°] vl

flo
1>
@
)
o

Quir = 11 gprVpg 2l (3.4)
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BAA LA g, F AF5e

8 2.3.1.6 EEXIB0IM SPT Ef

100
*+ Hallcal Plle Testin Clay
- e 18,000
16,000
a0

e 14,000
z 12,000 E
= g0 / ; £
-]
§ 50 - q-JI|= ff/spl:hrm 1DD‘D‘D "é
€ i goom B
? [+ %
- 6,000 &
& i : E
” v H 4,000 m

. L ]
10 ’ . .
* » 'l
; 1]
’ > % i 80 100
SPT Blow Count

100
a0
80
70

80

a0
20

Ultimate Bearing Pressure (tsf)

10 -

60 -

40 -

A 29 g, 2 2H (Perko, 2009)

o A8 = AP Parry(1977)0] #Alke A3 A o] 9
o, AelA o] Agekrlel AAsA ¢r] Wl Perko(20099] 8l FAE %
2ol AL, o] 5 A (35)oll UE Atk EeA|Rtel] o] A]E At A SPT &4 34
S g BAE 19 2.3.1.70] GERAL
qult = ]‘2>\SPTN70 /l]] (3.5)
#* Helical Pile Load ) 5,000
Tests in Sand Soils

8,000 =

o

7,000 =

g

* Q= 120200, 6,000 2

‘. g

* 5,000 e

g

"t 4,000 E

- Py = EASF;.N?H L 3,000 E

. ' g

& * z000 E

: ey 2

.- ' - 1,000
: T T L]
0 20 40 il a0 100

SPT Blow Count

08 2.3.1.7 2AKISHOIA SPT B+ 3129 ¢, 2 2H (Perko, 2009)

no"

21 E3E Perko(2009)e <J3l Al



ot it AlekAe 2] (3.6)¥ #ow, SPT Bt 349} (9 A= 29 2.3.1.89

Quir = 13AgprN7g 2] (3.6)
200
# Helical Plie Test In 18,000
180 Weatherad Badrock
e 16,000
160
14,000
140 5
[ — [:]
2 430 12,000 %
5 10,000 §
; ' 3
E v . Fuir="13 50T N * ﬁ
& gp 8,000 E
g e, 2
g a0 s g " 6000 £
0 i . 4,000 @
* .
20 . 2,000
-
0 L]
0 ] 100 150 200
SPT Blow Count

8 2.3.1.8 ZHA0A SPT EFZ 3148 ¢, 0 ZHA (Perko, 2009)

Individual bearing method®] 48754 €<21st7] 93l Perko(2009)= % EX|Hbof A <]
470l AN FAtElol A A= 2% 3} Individual bearing methodZ Ab-&3Fe] o =3k %%
o &L HHHORE 1030w (EFHAF 047), ZAo e 54709 A FAFE oA =

L16(E=H2 0.80)d= 7I=sdth (2" 2.3.1.9 =),

18
18 Limit State Method 18 Individua! Bearing
47 Tests in Clay Sails Method
14 Average = 1.03 14 54 Tests in Sand Scils
Standard Deviation = 0.47 Average = 1.16

12 12 Standard Daviation = 0.84
c 13
21 £
2 -
3.8 2 s
8 &

8 5

1 4

2 2

, Ll 0 1

02 04 DB 08 1.0 1.2 14 1.6 1.8 20 22 24 26 28 30 32 34 36 3B 40 42 44 020406081012 141518 2022242628 3032 343638404244
Measured Axial Capacity Measured Axial Capacit
Predicted Axial Capacily Predicted Axial Capacity
ZOR(HEAW () 20 32 (.2 A W)
(a) 21X o 2w m (g =) b) A A& o 2 3 () |

a8 2.3.1.9 0= AXEN 4= XX HW

(2) Cylindrical shear method
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Cylindrical shear methodi= 3 Alo]o] |t A7} FUA Agsitia 7HAsEe] A
A8g Abgsts Wolth meta] AXEe FHold 9] AdxxEH, 94858 Auke] A
9 g 2o FuuiRde] gow A (379 2ol AR 4 )

P,=qu A, + T(n—1)stD,, +aH (D) 21 (3.7)

Perko(2009)= HEA WA 2] 3270 AlFAtdolA A= %% &3} Cylindrical shear
methodZ =3 A A F2] H| &2 HFS 0.82F=HA 0.26), ZeiA koA 427)2] A]E
As vigro g abgE FHit ke 1.07(FEFHA 058)Y S 7wt e (29 2.3.1.10

!
%), 4ur# o7 Individual bearing method®} Cylindrical shear methodZS =&} AFA3E %

S 18
16 Cylindrical Shear Method 15
32 Tests in Clay Soils
14 Average = 0.82 %
Standard Deviation = 0.26
iz 12
c
'LE Ay .‘E 10
2 o
o o
B (1
2 2
0 0 | M |
02 04 06 08 10 12 14 16 1.8 20 22 24 26 28 3.0 32 04 36 38 40 42 44 02 04 06 0B 1.0 12 14 L6 15 20 22 24 28 28 20 22 34 36 38 £0 42 44
Measured Axial Capacity Measured Axial Capacity
Predicted Axial Capacity Predicied Axial Capacity
= =
(a) A|A= ol S1] (] =A0H) (b) A A& o SH]aL (A1)
8 2.3.1.10 0I5 XXE0 A= XXSE Hlw

(3) Torque correlation method
Torque correlation method @A 4T F A& Alegdve HIFEAE FHt

i AAY-EA AgE ol&ste] A AAHE d5s= ddAd W olth. Hoyt

and Clemence(1989)+= Individual bearing method®} Cylindrical shear method, 12|31 7]
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of AR AGHE EALf XA H #AC dal ASFAAHIY AFAAHS Hul T
A8t th. Torque correlation methodS A3 Alo] HFEAZFYH AAHE& o= By
o2 #AAL A (38)¢ #rt

P,=K,T 21 (3.8)

AN, K, 1 AAFG-EZ 45 (m )

Hoyt and Clemence(1989)+= Al 74 Ww oA A& o2 Torque correlation

method7h A% AA s} % AAe el Aolsk AHrka oliFaherh. Perko(2009)E 141749]
AR e vgoR Fo 433 AAY-Ea g w42 vemev (1Y 2.3.1.11

#2), U4 % Torque correlation method”} At o2 Efgsirtal A48k Abd7F 9l
tHEHEIA 5, 2013). Perko(2009)7F A1t o] Ao w2 = ¥ 2.3.1.1¢] et

Effective Shaft Diameter (mm)
Q 50 100 150 200 250 300 350

40
120
35
20 4 100
£ o E
2% 0 g
k] ° y=21.03x =03 ®
S i R?= 0485 f
: o g
g g
2" 2
g “ g
g 10 3
o o
¢ 20
s @
0 : ‘ 0
0 2 4 5 8 10 12 14
Effective Shaft Diameter (in)
g 2.3.1.11 =2 HZW XXNSE-E3 &9 2
H 2.3.1.1 52 HAW &2 K (Perko, 2009)
% 47 (mm) K (m)
54 37
63 32
73 28
76 27
89 24
114 19
152 15
203 12
254 10

_36_



A SAE A Al HAFEA:S o224z 4 (397 o] yEd & glony, o=

Tr= Tshaft + Tplate + TB él] (39)

g 2.3.1.12 €212 It

=
e
il

201l

1]

et E3

L

3

Ty ® 79 2.3.1.139 2] Qo] Wawde ga Ay Y, 7,5 %
oagre] Pl Agehs vhEste] #ANoE GeRlE 4 (107 Zor, 4 (3.10)
AN T, B AFH HG2F AEs] AT + don, o2 ALY 4 G1)F

2.

K

=

l T plate 2T
T= Topapi + Typare + T = / 27012 e f Al D 2 f / (r*f)df dr+ Ty 21 (3.10)
0 n 0 0

T=m

2 3
TSL L 4 T a /r),{l, e
S flE D2l m L YAy 2 (3.11)
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g 2.3.1.13 &2 014A8HA

EefA kel A EddAIFel o't Ngtel whe wWhiepdzs s % 2.3.1.29
3

2o A G1DE Fsto] Aed v el wet dF Al Al dad Ha B BEAE

H 2.3.1.2 Z2HXIES X|gtE =
U)o 22} 4915 F
3o A N

o “ ) (vm’)

g =< <4 <30 1.3~1.4

=& 4~10 30~35 1.4~1.6

=3k 10~30 35~40 1.6~1.8

Zz4 30~50 40~45 1.8~2.3

wj9- = >50 >45 2.3

2}. Helical pile®] #=
Helical pile> tH-+#9] 35S helix plate®] B35 AAISIE 2 Shafte] %7 ] helix
plate2t} w-% #t} wpebA Helical pile Al&dgds & 2] stzo] AstE w 7|£9] 3}
AdFHHT =2 7FsAo] wl$ mom =g Helical pile AAA+= = AN HEVF

B Apgol ot

(1) 7159 F= o] &
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58 W v-3 X9 7|%S a7 2.3.1. 1494 B 5 gt 18 249 HELS 3

wRlEs} Gele &% pol os) Wel yrt e,

| P

)

L \-.‘?/f

a8 2.3.1.14. J189 ANs2BME
a9 23114 oA Ao zHE At xUbE "ol o w3y EWEE 2 99 2
M=—Pxy 21 (9)

Aol takel 4 103 ol me] FEo wastn, 4 98

(M/ED = (dy/dz”) 2 (10)
(d*y/da?®) =— (P/EDy or (d*/dx*)+(P/EIy=0 2] (11)
A71A, Ev= &4 AT, I+ 34 EUE

of W, 4 119 Quwrale Bg 2.

P P
= Asin ] — = 2]
y= Asin i x + Beos w7~ A (12)
7% Edel A AA Hol = AAEAS ALt o] 0 o]ojof stE R y=0 at x=0
and y=0 at x=Lo|t}. o]& o]&3lo] tho A3 & + Ut
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. P P
[ = [ = Al
sin E[L 0, EIL T A (13)
21138 st% Poll tiste] &9H o 2t}
T El
P, = e 2] (14)

o 71A, P& F=o] AZEY] AXA7A JtEd g e dASETS UERdTh A 4=

oFito] pind roller® A A Ho] Q= FHF Ao sl A

pin® 2 A A7} Hojds B Aol 27 2.3.1.159 o] pin AA ] ol wie} FH
=4 =7 S7FeHAl "

’ T 4y
2
P P.= le25| PCT:A%EE'
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A A
L —A y
(a) (b) (c)
aa 2.3.1.15. Pin IXEN T2 29 H2LS
o] % Ao Uiy thge A3 g
2 2
p, =T (1 934) 2 (15)
L
A 15904 pin AX R fol Wk AEFEA Sk A AFol WASE ne
Aol 7} 7HAst7] wiolH, o]E 7hetsle] fadolo wE FHEFAS FEshH 2 163 7
t}.
e El
P, =1 21 (16)
(kL)
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Helical pile®] %8 %+ Shaft®] &7 %=+= 640MPacldel =7} AFEE ) whebA Shaft
N7l 3EAdFHEE 0,5 384MPacl’de A5 E AREste]oF st}

vl helix plate®] €48 4= 2 H3d A=

Helical pile> <& 32| shafto] helix plates £33sle] A|2¥ =2 Helical pile¥} helix
plate?] €4 Zx=E 3elsto]of 3ttt T3l Helical pile A& F 35 o] A3t & A], Helix
plate®] F77} F3] F4A E3thH helix plateol Al F3 @4o] 2Aste] Fpohgt s}
7F 22 4= 9t} helix platee] €4 JE9 3 A X+ helix plateE ¢d 93 plate®
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oo J|Eslazl 3= Helical piled 583 shafts A3 2 3 E o o
A & A HAAHMGAEE AMEete e 22 4 182 ERAEE AE T
AT

P, = rdt o, 21 (18)
o] 7] A

d = Shafte] 27

t, = A% &3 F7 = 025 inch x 2 (%)
o, = AA A2HAGAE = 07 x o,

(2) helix plate?] H3d HE

helix plate®] H3& tha3 2 2 198 HEZ} 7Fsstt

Q=2AP 2] (19)
o] 7] A
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I = helix plate®] @Ho| AW E
1
= 5[/1517

t, = helix plate®] #2457
L =05D+40.5d

D = helix plate®] 27

d = Shafte] 27

A= e =AM HAHA AT

Ao A9 Ege 2xdE A7 483 18S9t AAY 549 Helical
pile 7xAE A5t 2 T

o wolo AlFAIA B AlE Y AH 5 AEAA AES AT 7S] AR 24}
o AEJ% FRANZA 334 EAC 235 E helical piled

o SEAAHAT| wWE HA 9 helical pile & R 1A A A

o Aol A7|WH helix plate®] Z7] 9 F74 A A]

o I AAE Lo Qg Shaft 318 HEH EUNEZAA
o AWt gE F43F A 4 9+ helix plate A7

o 22 Aol Shafte 2 = AAE $ 3¢ helical pile’d 7|
o SHAAY TS 9% FURH EAA AA

1A dE= XA H 27 helical pile 724 A7+7F 2 HFoly, £ A4 © I A9E
B 12 AlEA TS B8 A7 JAYEHAY 1A EA S A= TERAE v
o2 A FAF Fdo] 7 FastY, o] & Fold 22t ®E AT o] wEs s}

_44_



4 2 = Ao] gt}

s

Al

EREEEY

BST=

Ade

W
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}\| = = At c
- T o -
DR | LL LOG HOIX : 15 1 HOIX
- SELEEEEFE
oMo 2EGHLE AAGADF X8 ey
= M3 ZAHSite 1) HOLE No SI-1 REMARKS
PROJECT O A2
X @ ED 0.00 " U.D.SAVPLE
2l xl o ELEVATION : TEZANEO A8 AlG
YR AUTUAIR SI-1 o S P.T. SAWPLE
LOGAT ION N5t (6-)  6.00 ! O Al
GROUND WATER :
=y
2012.11.13  ~  2012.11.13 2SI oF sEa A2
DATE INSPECTOR DISTURBED SAVPLE
_ O - A2 EEBUANE
T |Scale| A% ST [Fe= _ =l Sample Standard Penetration Test
Elev Depth Thic Columnar|X| & H N s 2 ¢ 2s = = | 2y = -
: P kness =< Descr iption 2 ¢ | AZ|TF| THF| N N blow
M M M M| section 25 |vs|uyl Ac /(Cgm‘) 020 30 405
— [ BN ] I I I
= LS
— AT, AE orRET 51O | 1.0 |25/30 .
7 SEX g
. =| & S
— sl 2zu $2 | © |2.0|[17/30 ’
_ [ ] _
- o0 s3| O |3.0]8/30 |8
-3.60 - 3.60| 3.60
— [ BN ]
—] ® «EZ5E s-4 | QO |4.0|9/30
— [ BN ]
_ ® AER 22
—] CEHREY _
a oo s50e s5 | O [ 5.0 |10/30
] Ax
— s-6| O |6.012/30 &
— s7|© |7.0]14/30
= . X
—] oo s8| O [8.016/20
— ®
— o0 EZ3E SM &
1 ® .
. o0 s9| O |9.0]18/30
m [
— %7 s-10| © {10.0|20/30
— s-11| © |11.0|21/30 \
—] s-12| © |12.0|24/30 X\
- ®
= T s-13| © |13.030/30 .
-13.60 —113.60/10.00| ® | ®
— Ay *E 3}t s-14| © |14.0] 50/9 .
- ) 12rerol Zsig
- =0 SHZO Zs0
3 e 4Edoais = S ls-15| © |15.0| 5077 .
] o n=e
-16.00 —16.00| 2.40 4/t Ax _
= ~ A% 16.00 W OTA ANESE 5-16| © | 16.0| 50/6 i
g 2.3.2.2. AMFEFASZ SI -1
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/\l =< = A}t cC
- 7T o -
DRILL LOG HOIX : 1% 1B
[ (F) NEHHaZE |
o [EHAR A L z
Ao 5% HNETIH X =107 s10 AEWARKS
PROJECT HOLE No. RN 2
X gt E D 0.00 U.D.SAMPLE
Sl b, I ELEVATION : EEBAANE A8 AR
elZIMYAIS SI-2 — o S.P.T. SAMPLE
LOCATION XI5t == (GL-)  6.40 " s
GROUND WATER : 2o =
aw B CORE SAVPLE
2012.11.14  ~  2012.11.14 == ore ey SEA AR
DATE INSPECTOR DISTURBED SAWPLE
o7 A | =25 |=AC = Al o S2EDAA
H |Scale| 8% ST |Te= 0= & o :LSJ Standard Penetration Test
Elev Depth Cotumar| X| 5 & Desor iption =c|NE WA NX | N blow
M M M Section 25|85 Alg /(Cgm‘) 20 3 6
— [ BN J
. S
— [ BN ]
— TRY, AE oS s-1| © | 1.0 |24/30 »
- ole AEZ DY
- &l ¢ S
— oo gau s2 | © | 2.0|14/30|]||||1s
- 3K =
a0 1 3.30 s-3| O |3.0|5/30
] [ BN } }E
] * = 3|
— ol e = 41O |4.0|6/30
7 AEH Dy
: (AR} ;%ﬂH—‘?—I%‘ ©
— 2 $5 5.0 | 8/30
1 [ 3 X R
- *e s6| O |6.0|11/30]||||8
- [ BN
- ol 571 O | 7.0]18/30]||||]]|ls
E [ B J
— s-8| © |8.0|20/30 d
— SHE M 1s-9| O |9.0|28/30 »
— ole s-10| © |10.0|29/30
E [ BN
— s-11| © |11.0{30/30
| [ BN }
— o0 s-12| © |12.0{32/30
- [ BN
— ole s-13| © |13.0]50/20
E [ BN ]
— s-14| © | 14.0]50/ 14
-14.50|  —|14.50 LR
7 M s
] A *E 5t s-15] © |15.0/50/10
] &l2toto| X3
] mae HEES Ty S
— A fieza s-16| © |16.0] 50/7
= 2
-17.00, _—117.00 A, 2= _
= ~JE 7.0 W OIH NEBE s17| O | 17.0| 50/5
a8 2.3.2.3. AMFEF&E SI -2

f




Borehole Shear Test

Droject | ggajgr FAAT A TAAE A ukaA)
Location | 47] #E &% ZAg Test by ok ¥ |
Borehole B (GL.-m)
No. SI-1 Depth(m) 12.0°13.0
Test Water
Date 20012-11-13 level (GL.-m) 6.0
ol =55 (SM) N Value 24
Test Data Test Result
NormalStre | ShearStres .
Classficat :
No. (kSSa) (klg ) ion Unit Value
1 200 145
2 300 240 Cohesion kPa 1400
3 400 305
4 500 360 Friction | Degr
5 Angle ee 35.37
400
—
'y
x 300 -
S
1]
0
g 200
H
8 100 |
=
1]
0 ] ] | I
0 100 200 300 400 500 600

Normal Stress (kPa)

18 2.3.2.4. ANIZ=3 SI - 101 Oigt BST
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Borehole Shear Test

Noeet | mEs g AA AT IA 1R Akl
Location | A7] AX B3 Z=AHE Test by oF H g
Borehole B (GL.—m)
Test e Water _
Date 20012-11-13 level (GL.-m) 64
Soil 5 =
Class 3 E(SM) N Value 32
Test Data Test Result
NormalStre | ShearStres Classficat
No. SS S ion Unit Value
(kPa) (kPa)
1 200 160
2 300 225 Cohesion kPa OOO
3 400 295
4 500 380 Friction | Degr
Angle 36.13
5
400
—
a
X 300 |
—
0
(/]
© 200 |
el
n
a
w 100 M
o=
(/)]
0 1 I
0 100 200 400 500 600

Normal Stress (kPa)

18 2.3.2.5 AI=3 SI - 201 CH8F BST
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FE

2.3.2.1 HTHGIAIE 20 @<
A Az N value ¢ ) H] 31
(t/m?)
3.074.0 8 0.0 28.2 BST
6.077.0 12 0.0 29.9 BST
SI-1
9.0710.0 18 0.0 32.0 BST
12.0713.0 24 0.0 354 BST
3.074.0 5 0.0 20.7 BST
6.077.0 11 0.0 30.3 BST
SI-2
9.0710.0 28 0.0 36.6 BST
12.0713.0 32 0.0 36.1 BST
ZSE Al N value . : « Hl 1)
S e 17
(kg/cm) (kg/cr) (kg/cm)
S|-2 16.0~17.0 | 50/5~7 97.16 139.69 170.31 PMT
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(2) A8 4] ofu] el

Helical pile?] A%E 548 @A Aol Hrtsle] @4AE AzARl st 98t
of, FAEA dvl Zd 245 Fdsath AdE AGAEe ARslaT @ U]
ol A S skl @ AlE Al helical pile®] 545 dotetr] A3Hed shaft &
7 hellx plate 27d< AAsAtt FA NS Aw-T= o] @o] AHg¥= FEM 2=

A
a3l ABAQUSE o] &3t F335t o™ shaft 274S 73mm, 90mm, 114mm=, helix
plate®] A4S 200mmét 250mm=E, ©Y helix plateE 7}2 helical pileS & 6% 2dg
E A= ]HPO A= 713 O}Oioft] A FZAE &3 ARk 24X E A -835kaL, helical
pilee] A& Zlol= 235m=E R skt A& A HES geostatic options ©]-83do] dAA
S8 A4S vy

a. helical pile 2&2 b. Xt 2Ezl

& 2.3.2.6 ABAQUSE 0|28t helical pile & Xt Zai

7y7] o2 AYS 7F2 helical pile% 2D axisymmetricfli el sk tonTJr 40 ton

/‘1* helix plate €&olA &80 FFH &= AL AT o Auto| A= duk T
7} H] =3k Agdow $Ho] BEE AT helix plated] YaiA] dFE SRz guk

Hab golahAl tehbe mgg 3 @ 5 vk
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a. helical pile S¥H2X
g 2.3.2.

H 2.3.2.2 2ESt helical piledil ot=2 Mot o= JR2 ot

Sh(ffm[))la Helix plate Dia (mm) sk wetd
73 200 30 27.32
73 250 30 25.79
90 200 30 25.57
90 250 30 24.25
114 200 30 23.39
114 250 30 22.39
7 200 40 35.16
73 250 40 32.78
90 200 40 33.05
90 250 40 30.96
114 200 40 30.43
114 250 40 28.75

Helical pile®] F4-o 30ton¥} 40ton®] 3t5& A3t 3A-S Wl helical pilee] Aol w
& Hat&ds vlas] BW, shafte] #74do] F7tsk= 459 helix plate®] 274 o] F7tsk+=
BE BF bl A As gJT & vk 7 B9 st faAe v szskAl
7S

vebyt =), shaft 2 Z7MA171+= Aol H]l8FY] helix plated] FHE F7HA7]+= Aol
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BAAR FSHAA © fFEstuz AA AlE Alele F=9 993de] §lthH helix plate]
ARSE T7MNA AAES 719+ o] AAAA AlFo] d Aolzt HAetstch

2 EAE 3t helical piled] AAE EAS 1] AmE o, Hth plate®] 274
S7H 71 AT shafte] A4S T7HA171= 2 BF7F Mk ho] Tfe] dte 3S
shlski Tt webA] helical p1le-4 A8 EALS BAE7] 98 AFAH AT Al B
A Aol ALE-4E helical pile?] A YS AFE3lE Ao] ElFsitta ddE o] B S84 4
e EdE AGATS Agsath

| EEREE LS |

|

| Al mhe A4 2 g Fol |

|

| Helical pile &9, <4 |

|

| Helical pile A& |

|

| AgAEEA A L AgEu (=) |

|

| A3k A 44 (54 A4 3 |

|

| Helical pile A3 (2k9] A& & F7}

o

) |

| AR AN (=A%) |

| dlolg 24 |

Helical pile Alg A3 A2t 7] 3% 9F 291 helical pile 3F 72| shafte} 2F 72
helix plate® A& =3 th A H A FAF helical pile®] Shafte] 27" helix plate®]
715 & 2.3.23°0 AHgsA
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T 2323 HE&S= helical pile Shaft<

Xl

—/

[==}

& helix plate@ 3AJ] & & NX|

| Al o g
A% Shaft7 7 g helix plate N
(mm) GL(-)m 774 (mm)

HT-1 5.0 10/30
HT-2 8.0 16/30
73.0 200
HT-3 12.0 24/30
HT-4 145 50/9
HT-5 5.0 10/30
HT-6 8.0 16/30
73.0 250
HT-7 12.0 24/30
HT-8 145 50/9
HT-9 5.0 10/30
HT-10 8.0 16/30
89.1 200
HT-11 12.0 24/30
HT-12 145 50/9
HT-13 5.0 10/30
HT-14 8.0 16/30
89.1 250
HT-15 12.0 24/30
HT-16 145 50/9
HT-17 5.0 10/30
HT-18 8.0 16/30
114.0 200
HT-19 12.0 24/30
HT-20 145 50/9
HT-21 5.0 10/30
HT-22 8.0 16/30
114.0 250
HT-23 12.0 24/30
HT-24 145 50/9
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(1}) Helical pile A @ A& 4]
Helical pile®] A1g AlFS fst] Algd FHo A3 F3
plateE A28t} Helix plate T38 93S 42A9 ==z 54 & 4|3
gdd §H3te TvoZ AFstgon, 7 A4S % 2324F 89T
H 2.3.2.4 Helical pile AIEAIE =H|
—

1A
2

s T59 ¥

Helix plate
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(t}) Heilcal pile®d] A& A&

helical pﬂea %4 Al ‘:77]-7<] 3 #9

>
Ny
o
B
ol
o
>
)
[o
4
0%
O
o
i:l
L2
ol
>

o #
4\—333}‘:‘ o7 ZPE Qi) ojof e WHo g Ao wE Heilcal pile?
= B4 8 4= 9l helical pile?] Ald 2 A AlE AHS

=<

H 2.3.2.5 Helical pile NI &&

Helical pile A]&

Helical pile A A3} A&
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(2}) Helical pile A& A3}

Shaft(73mm) — Blade(200mm) - Depth(1.5m)

cad LosP) - Lo
N 5 ] ] 3 £l » 1 -
E L
k 1
| w l
) ! :
Shaft(73mm) - Blade(200mm) - Depth(4.0m)
[RE— ll:-uil'il Lol 5h
i i ® " i ! ™ f? [ P
|
| g™ ) %
i E
I\\.
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Shaft(73mm) - Blade(200mm) - Depth(6.3m)

LofP) - LoqiS)

=¥ 5 [ " & n
j L] ]
i |
. | |
Shaft(73mm) - Blade(200mm) - Depth(8.7m)
T LosAP) - Lol
u; i W 4 1 -'1'-\. » F - L L
; ’
1
i 1 <
; - | i
A [ | i ._x
Shaft(73mm) - Blade(250mm) - Depth(1.5m)
R lu-uiP‘El tlm:SEI
‘x\\‘
|- i L
; 1| |
i
) ;
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Shaft(73mm) - Blade(250mm) - Depth(4.0m)

rosad Lo - LoglSh
|
i ;
i 1
= |
= ! .
- =
Shaft(73mm) - Blade(250mm) — Depth(6.3m)
= LoulP) — LodlS)
'y - [ & @ & o S - -|. o “
(1= B S
| !
: I [~
[} | o
i i

&
]

L u-uiP'El L lm:SEI
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Shaft(73mm) - Blade(250mm) - Depth(11.1m)

E LosAP) - Lol
-
"' ol 1 e
| | 5
1] i =
-} - e \_‘.
Shaft(89mm) - Blade(200mm) - Depth(1.5m)
= LoiP) - Logesd
"
! i £2
1= i 5
§ & l R
Shaft(89mm) - Blade(200mm) - Depth(4.0m)
[T lmﬂp’i 1 I?CI:SEI
L a— ’ 7 p: 5 i
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Shaft(89mm) - Blade(200mm) - Depth(6.3m)

3 LofP) - LoqiS)
;
¥ L
3 1
i | I
i
wa '\_
Shaft(89mm) - Blade(200mm) - Depth(8.7m)
AT LofP) - LoqiS)

o B
[}
Femmrrreyird

|
¥

Shaft(89mm) - Blade(250mm) - Depth(1.5m)
e L) - Lows)
o ] ] . " = n -
.
. ]
i L] I 2 -,
. i
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Shaft(89mm) - Blade(250mm) - Depth(4.0m)

5 LofP) - LoqiS)
"% ] £ Fi 3 E] £ - = W £ -
al i '\
i
st bl
Shaft(89mm) - Blade(250mm) - Depth(6.3m)
= LofP) - LoqiS)
u-; - o 3 o =
| 24 fon
- | |
» i i
i )
Shaft(89mm) - Blade(250mm) - Depth(8.7m)
e LogiF) - Lol
' o i - A Y . = - m -
o
E o l i .\\'
|
. i
— x\‘-
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Shaft(89mm) - Blade(250mm) - Depth(11.1m)

1nmiry Purd

Frrimerrey o

LofP) - LoqiS)

Lbierd

Shaft(89mm) - Blade(250mm) - Depth(13.4m)

[
R EEE T E E EE EEE R E EEEEE

Lo - LoqiS)

[E=T

werew
Fopin ey bl

Lol - Logis)

[
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Shaft(114mm) - Blade(200mm) - Depth(4.0m)

cad Lo - LoolS)
"5_ ¥ £ E3 L * a * -
B '
i 1 !
i .
w ! II||
--
Shaft(89mm) - Blade(250, 300, 300mm) - Depth (5.6, 4.7, 3.3m)
[ I.I.HHP'EI i lm:SEI
I o S T T T N T T T T T
u [
3" i
|+ |
b " I\‘H\l
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(v}) Helical pile g A3} &4

Shaft 3 &, helix plate 2 EF& T3t F 22719 AlE& AAg Ay} dAsE= A
AEn] SAE FEAAES vl fJEste] 3 23260 A stArt
A A SAHE FHEAXH] A A oS¢ FEAAHRY FHgHoR 1.278 AA S
AE At HstzFo] A HAE AL helix plateo] AXE A ZF2] N7} 30 ©]3fo]7] uj
£ Ao Adyw, AA AlF Ade AAHY HAsHFS e Fol AAS LS S
ojof & Aot}
H 2.3.2.6 &AXNXZE N &OIXXSE2 Hlw
Shaft Blade Depth ~ aggn  x4wan  goid  fwdsd 4du
(mm) (mm)  (m) A A (ton) A A = (ton) (ton) (mm) A A hn
1.5 17/30 33 379 30.30
4.0 9/30 11.2 24 415 35.21 2.14
73 200
6.3 12/30 175 26 29.1 32.54 1.49
8.7 18/30 27.1 40 524 49.25 1.48
1.5 17/30 16 22.3 28.27
4.0 9/30 17.2 18 29.6 28.03 1.05
73 250 6.3 12/30 26.9 23 477 64.36 0.85
8.7 18/30 40.9 42 474 63.92 1.03
11.1 21/30 57 51 70.1 69.77 0.89
1.5 17/30 19 19.8 25.40
4.0 9/30 11.3 18 30.1 43.79 1.59
89 200
6.3 12/30 17.8 16 30.2 62.00 0.90
8.7 18/30 277 37 40.8 57.04 1.34
15 17/30 23 29.8 16.5
4.0 9/30 17.3 38 52.6 39.2 2.20
89 950 6.3 12/30 27.1 24 255 62.85 0.89
8.7 18/30 415 34 48.3 69.25 0.82
11.1 21/30 57.7 60 64.4 58.64 1.04
13.4 30/30 98.5 91 94.5 7751 0.92
1. 1 2 4.1 2.
114 200 4. 8 97/{3300 115 lg 21.2 iggg 1.65
250 5.65 12/30 27.1 S
o BEEBD M a0
A 74.4
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Bearing

It

3&%3%% 77tono)] i
o

23l helical pile?]
tono. & /\ﬂi 2 AyE RAFA wEkA helix platef]
B helix plated] A@A A& & helix plate == 1] g g
method 341 o] B}t o= AehEry,

232704 ®HE vre} o] helix plates 1mzH4
, helix plates 17§

H 2.3.2.7 Helix platedt 101 =& helical pile2 34 AZ XX &

£ =& helical pile2 XX&E Hl

St

o= N Fa

2

helical pile9]
AgEs gold A4

Aol go.

-

+ Individual

I Helix platedt 3H

helix
Shaft Blade Depth N | Pae ATEE SEIE L oax FF
(a; - fﬁ R EE N AT L I
1 t
o i o vame = (ton) (ton) on (mm)
(ton)
15  17/30 23 29.8 16.5
40  9/30 173 38 52.6 39.2 ,
helix plate
6.3  12/30 27.1 24 2%5.5 6285 10 FF %
89 250 A
87  18/30 415 34 48.3 69.25 et Bl Z=A
pia=
111 21/30 57.7 60 64.4 58.64
134 30/30 98.5 91 945 7751
250 565 12/30 271 _
helix plate
300 475 10/30 268 37 2§
89 77 777 5554 Y A EdA
300 335 830 20.5 =47
A A=
FHA 74.4
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(vh) 22xb A% A FA| TS 93 helical pile &S A= 7p

(
-
L

A5 o] ATE Hgsty] 9ate] 19 232828 S helical pile &3 Als}

Aok B Fx= 2E 2328b9 22 helical pile A3 = Shaft Abojol] Al

E A= on o] At Ao FAIFAE AAse] IWFo R FFS At
Pz

A stttk shAIRE JHERE helical pile WHE AsHEAE ol &sto] AAAIE= @

3R g
g

F

LSV A A N
% ok

a. W& MHotE X b.
18 2.3.2.8. helical pile &2sF MGIAIE =2
2 helical pile 8&&&

91— 80

I

I
o

105~

=101

Sy



AER ST
e

B L

I

frn ] Lo o
S -
a
W X
o | |
_ RIS BT A gl - . h.._..____“.__
| o). W
™, af Fi
S i _ /4_ _ ;,_J,_________
4
- I g
h ______q
..... !
...._..________

AT

8 2.3.2.10.
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250 1 HAESI|=2 REMEMN Z2&E EH0 2& %= helical pilel &XH
Helical pile> #AA]8 @& ZFHdA 7|&E gddis= g 549 AdxA8gS dEs=
@ (helix plate)o] QAo EH49] helix plate’} 983 A A8 S H3se ol 25
7] Z o]t} ®3F Shafte] AL A

@22 2 o] W ¥ = helix plateX vl 2o}, FH=o] 7MsA
o] EAlste= HUdE FEEY. WA d=9o XA EHA Q7%= helical piled] ¥4 &
A 9 HAs dAe A v 2

1 A - AukzAe} gaste] Alsk A 7F WdE helical piles o] &3ho] 2= &
2 @A : helical pile9] A7

A

g

Helical pile®] A7 Al FLHAE

ot
i

B9 g8 Te ¥ 23287 2rh

_69_



H 2.83.2.8 helical pile 83 A =RZIE &= & UE
TR | AEGE AEUE
o AWrEAF Al FE AlSHAE AHE ol & AS
194 - AgA%E At (A A 2de] 44
(Cylindrical Shear 24 %+ Individual Bearing 24 & A1)
2A ¢ At AR A AR AFHE ste-Fek S FalAlste] C, @ #e
S e 7 XY AR d9ud F Ag g TR s o]ty F
A4AAY o
.« ASAE ZAAR 9L A B ATANE Bgao] AHRAL A
sk &z AR ZAg ALk
Case 1) Individual Bearing Model
= e o & A
R NN Terzaghi 2! Q, = 1.3CN, + 0.3y BN, + ¢ N,
O:]X] _ ’
2 A & o (SEXIX) Meyerhof& | @, = CN.Sd, + ¢ N,Sd, + 0.5vBN.S.d,
2| X
] ] B ggi Qshaft = 7Td}[effa‘c\{u
ShaftOF&& 1
= A}QE Qshaft = EPsHlef’y,Kstangb
DAAE helix plate =&0t2 SMSXI XIS At

Case 2) Cylindrical Shear Model

22 HI& HlAHA]

NI=INPNE Terzaghi &! Q, = 1.3CN,+ 0.3y BN, + ¢'N,
E=UE) Meyerhof Al Q, = CN,Sd,+ ¢ N,Sd,+ 0.59BN,S.d,
d4E Qspapr = mdH, ;0 C,

ShaftOt& = ANEE 0 _ lP [
shaft = 5 PsHepp v B, ang
=5 HAE Qhetir = Sp X (xDL,) x C,
D& AEE Quetis = 5 Day/ (H = H)K tang
e Arg SR X SE2 ESHHS helix platell XIXI&0F H ot
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TR | AEgR HEWE
e FEYE SEAE
Aol HeEsee vy Aow At
0, = 0.6F, < 0.5F,
o] 7] A
Fy = gJEAT
F, = 4%, 4 F, > F,
welx TAW A s eaTe oldsl e
S 2= S 2=
9 | EN | HH O*_Oﬁ 2H | AZ | =W | YN °+_°ﬁ 2 H
NIRRT o | sz
(mm) | (mm) | (cm) (ka/m) | (mm) | (mm) | (cm”) (ka/m)
(ton) (ton)
350 | 4.9 | 1276 | 3.8 40 | 951 | 2449 | 7.47
368 | 519 | 13.37 | 4.08 516 | 1.5 | 29.68 | 9.05
48.6 76.3
450 | 6.3 | 6.6 | 4.8 6.00 | 13.25 | 311 | 104
, 714 | 930 | B9 | 7.3 95 | 19.97 | 51.41 | 15.68
Fiical
piled] e 420 | 1120 | .8 | 879 450 | 552 | 39.9%6 | 12.18
MCICINE 549 || 32 | N 6.0 | 048 | 8271 | 16.07
AE 89.1 114.3
6.60 | 7.1 | 4.8 | 13.43 810 | 27.02 | 69.56 | 21.21
e | o720 | 7012 | 218 1349 | 272 | 110.0 | 3.5
450 | 19.13 | 2928 | 15.01 500 | .16 | 64.77 | 19.75
655 | 27.42 | 70.58 | 21.52 711 | .31 | 0.8 | 2772
139.8 165.2
930 | 38.13| ®B.14 | 29.8 10.31 | 50.17 | 129.13 | 39.38
5.0 | 61.82 | 159.1 | 48.53 8.6 | 84.29 | 216.97 | 66.17
S8 BB BB DI e smas2s - w=zcol
8.18 | 53.48 | 137.69 | 41.%8 60%
216.3 = 2Ol 2 : w=0.02466t (D-1)
03 | @72 | 7174 | 23 |, Suo  gmae - o -
2
2.0 | 107 | 39.65 | 109.68 | 4-400kg/cm

_7‘|_




-1
M
s
rt
I

[e3

35S AL Helical pilee] A dkol] A<

FAEAE Al
W Adke] o wel @gtx 22 Firm soil 9 2 $$ Soft soil
)l AE-E & FEIA AL

P, = AXf,
o) 714,

fo=0658X2xf, A\ =15
0.877
fo=1

T]Xfy, )\C>1.5
_ kI
C o\ F
d*—d;
’r‘_

Helical
el = * Helical pile®] #F =74 %+ helical pile % AW = Eeixlnz F
b | A B e nestel hed 2o FEdel ASE A48
LXO o
A
AE b

Bl Effective length factor

Fin _,_..:5 A El—.r‘l'__.l Flriin a2l j Faisriah

ii B ; L v 6l iy

=
By 2

i Salk el B0t sl
-;-W (1= 1200 ) | = 131 m coonimd 1 1260 15
K=0.8 24l ] (o e LT i3 Lml 2l oy

_72_



78 | dEgE HEWS
o 83 x
P, = rdt, o,
o, =0.70,
P, =84 A% 4=
o, = A HAx AdA=
gy w |7 HEAE
gHge | @=24P
p_ Jy(0.5tp)
TAN
Q = 3 Ax
A = Hkge] g A
I = helix plate®] @Ho|xEHE
2D
A= ——0.5d
3T
1A - ASAIE = FAAH S o5
Helical 297 @ AF8-E helical pile®] 774 AH
pllegl . e S al
3GA - A BEAaAS K o A%
Sl e
AE ShaftZ 2 (mm) 60 73 89 114
EAH 2 (ft-1) 10 9 8 7
47 - g AS o]l gste] #ldd dast Ea TE ALt
Q, = TK,
5@Al @ AFE Shaft A= 9] FERUMES] FRAAEAH A HE)
YL ol A
1l H o
e T79 Shaft Ajge] FHRUE
Shaft®l2 (mm) 60 73 89 114
S=2RHE(ft - Ib) 4,130 7,800 12,100 23,000
= S22t = 65 ksi
XA
= OIE2ASE = 80 ksi
(FPell 28¥= EA T7F Al5e FEEAERT Ztofof 3}
* Helical pile 274 Al T8 7|4 AEAE 9 UHS 4719k o] AAFH 1abd oA 43
H 38H EAlo] REE= helical pile A= 2335 AFA| T AF}E 2 &351] A7 HAEA}
g g ds 2 FAAA FAE ATES T
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Jio
HH
N

SEXXNE A0 2 == helical pile €& & 72 HAl

IAPdEol A= o el AT E Soto] AAISEE helical pile®] 142 ZAAsA oW, 13

HE AGATE Bl 14 4FE 4A8HY

= 2.3.2.9. E&Hot=E helical pile2 #&

. helix | A structual capacity
helix plate(mm) ) EF :
N Shaft(mm) A7 @ = plate | X E=A . FA capacity by torque
A e =T Pitch | (t — () (kg/m) (ton) (ton)
m
9% |54 |0 |06 [ |™ | ™ #% |58 | an 98

27 73.0 508 | 203 | 2564 | 305 | 953 | 76.2 0.69 29.7 8.51 30 15 23 11

50 76.2 6.35 | 203 | 2564 | 305 | 933 | 76.2 11 26.4 11.0 55 28 32 16

45 89.9 533 | 203 | 2564 | 356 | 953 | 76.2 14 23.1 11.0 45 23 35 18

(R)

45 839 533 | 203 | 2564 | 356 | 953 | 76.2 1.8 23.1 11.0 45 23 46 23
19 | 1143 | 635 | 203 | 254 | 356 | 159 | 92.2 3.04 18.8 16.9 96 48 63 31
23 1(111)3 6.35 | 203 | 254 | 406 | 159 | 922 3.73 18.8 16.9 96 48 77 38
25 | 1143 | 7.87 | 254 | 305 | 356 | 159 | 92.2 3.9 18.8 20.7 122 | 61 30 40
27 1(51.)3 787 | 2564 | 305 | 356 | 159 | 922 4.4 18.8 20.7 122 | 61 91 46

15 | 1397 | 762 | 305 | 406 | 808 | 22.2 | 938.6 7.3 155 24.9 273 | 137 | 125 | 62

23 | 13977 | 9.14 | 305 | 406 | 609 | 22.2 | 98.6 11.45 155 29.4 270 | 135 | 195 | 98

12 | 1452 | 635 | 305 | 406 | 808 | 222 | 98.6 5.5 152 21.7 128 | 64 92 46

R)
13 1459 6.35 | 305 | 406 | 508 | 22.2 98.6 6.22 15.2 21.7 128 64 104 52
15 145.2 9.39 | 305 | 406 | 508 | 22.2 98.6 75 15.2 314 199 100 | 124 62
R)
17 1459 9.39 | 305 | 406 | 508 | 22.2 76.2 9.0 15.2 314 199 100 | 150 75
R)
22 1459 1177 | 305 | 406 | 508 | 22.2 76.2 11.0 15.2 38.5 250 125 | 184 92
H] - R) @ 75 BAad — N X& 2% — AASEL Capacity by Torque® 289 —
al Shafte] &A% = 460MPa & &

=5

2329014 Hi= npel o] 74 helical pile®] 3&dAGTS A5 FFHERT
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= 3+ Shafte] Z=o] #F$Av. wahs 2o
F7E Zb= Shafte] 4%, X Aol @AstE Shafte] HEH EWES 7
Structual CapacityE A& 7}sst2z dAstsS A 30% 714 5

plate= Shaft %7 <] 264 o] x5 sto] &3t sdAQdo] HEE iy,

o
-
)
)

= AX A BARE NEY ZUEd
o

mhié

2T 3 NXIEZ2 AJIY helix plate2 3AJ| & SH M Al

w2 AAstEe] A7|7F F7bgke] wel Shafte] A E F7F8H, helix
plate?] &% 2 FAX F7Fstolof sttt AAISHE e A7) W helix plate?] 7] 2 F

T 2.3.2.10. &Hot=2 AJI0 2 helix platee A7 & SN

S a o

Xl]lilx plate Shaft 7 b w2 hehxcp;lte 9] 49 8 8 o =

o (in) (t) o (Ibs)

(in) (in)

8 0.318 47,500
10 2.375 0.515 0.38 43,500
12 0.755 37,500
8 0.304 73,000
10 0.500 0.375 64,000
12 0.740 47,400
12 2875 0.740 70,500
14 1.020 0.50 58,500
16 1.350 50,000
8 0.283 65,000
10 0.479 0.38 51,000
12 0.719 44 500
12 3.500 0.719 80,500
14 1.000 0.50 67,000
16 1.330 64,500
10 0.435 117,000
12 0.675 94,500
14 4.500 0.959 0.50 83,000
16 1.290 76,000

g grleld dEE A sedEetEe Avlel mE helix plated] FAE helix
plate A uke] Aol A7S weEletx] FO AECA AN E FE A HomH A
A A 38 YEE5FS helix plate AN FAo wEl 24 F$ES 14T oyt
ATt wEkA Aol A AAlE HO §E dtsol wE helix plate?] F 7S HAQ Jhol=
Aok ARtalgds S434417]7] 8= helix plate®] F717F 7S
3k gFolol A uk, A AstEo] 93] helix plate®] w3 o] LASHA LEE A H oo}

©
‘O,

)
=
>

A
of

z FU?‘-I
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sttt 123 d = oA helix platee] 2A w3 A EE <l
Al g M= AASHES Z7]¥ helix plate?] FAE

T AFAFAA AASES =7 F7be] WE helix plated] 41‘41 wd AFG=7A A
ANE s Tt AAlsteE H A9 helix plate®] F7& Atz shof

2 194 AlgAFol A= helix plate®] F7& EF 20mm=z st¥ o, Al TxE &
Helcial piles 3]<3}o] helix plate®] A E]S A 73 23} helix plate?] w3

kA ekl o], o) AdHES 40tonol A helix plate?] F7 20mm7} 23 w73 A=
5 7HAA SV W e® wddEn webA 2xbdRE Al Aol AAlstE e A7
w2} helix plate?] FAE 25 ALt dAstEs 2 Az wE A9 helix plate
FAE AAste AS AQbstaxl gk
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Helical pile #|7dollA 7] Azt F 3jd#)ste] Aol AYdEs= E5o|2E  Shaft
EleH e gdy= 2y AYyAA 2 vEY BWEESE v Y helical pile A A2 2
aA715 S7VHETFE Ale T USs 2 HEd EWES ool stue NSy EWE o
a FEI AAHS AEE HA 640MPa oo FEAES Zte AAE ARSEoF gtk
WebA helical pile] AZZE A4 A 7HF S48 A BE AAY Sdo 2% =2
£ A9 # 9t AR 34 % AP 0EY FUES 2= HBE A doth BA
ZAbe] w2 g535kFd helical pile 7FAY FE EdE ¥ 232119
H. 23211 dEXXNZES I & Shaftel FJ1E zUHED
Structural Geotechnical
Shaft Specifications Capalcity . Capacit Capa-city
(Tension & Maximu vto (Tension &
Desig . R . . . o) mTquu Torque . e
Outside | Approx | Min.Yiel | Min.Tensil | Ultima | Allowa Ratio Ultim | Allowa
r(l}awuzli Diamete | Weight | dStength | eStength( te ble (t-m) (m™) ate ble
em) | * (cm) (kg) | (kg/cm® | kg/cm® | (tons) | (tons) (tons) | (tons)
0.508 7315 | 85209 | 3234.12 4359.03 30 15 0678 | 29.52 23 11
0.330 7.620 5.979 4569.95 5624.55 22 11 0.542 26.24 16 3
0.330 7.620 5.979 4569.95 5624.55 22 11 0.813 26.24 24 12
0.635 7.620 11.06 4569.95 5624.55 55 28 1.085 26.24 32 16
0.635 7.620 11.06 4569.95 5624.55 55 28 1.695 26.24 50 25
0.533 8.890 11.06 4569.95 5624.55 45 23 1.356 22.96 35 18
0.533 3.890 11.06 4569.95 5624.55 45 23 1.763 22.96 46 23
0.635 | 11.430 17.04 4569.95 5624.55 96 48 2.983 18.696 63 31
0.635 | 11.430 17.04 4569.95 5624.55 96 48 3.661 18.696 7 38
0.787 | 11.430 20.78 4569.95 5624.55 122 61 3.796 18.696 30 40
0.787 | 11.430 20.78 4569.95 5624.55 122 61 4.339 18.696 91 46
0.762 | 13.970 25.0 | 8788.36 9491.43 273 137 7.186 15.416 125 62
0914 | 13.970 29.60 7030.69 10546.04 270 135 11.253 15.416 195 98
0.635 | 14.529 21.80 4569.95 5624.55 128 64 5.423 15.088 92 46
0.635 | 14.529 21.80 4569.95 5624.55 128 64 6.101 15.088 104 52
0.940 | 14.529 31.70 4569.95 5624.55 199 100 7.321 15.088 124 62
0.940 | 14.529 31.70 4569.95 5624.55 199 100 8.813 15.088 150 75
1.168 | 14.529 38.72 4569.95 5624.55 250 125 8.948 15.088 152 76
1.168 | 14.529 38.72 4569.95 5624.55 250 125 10.847 15.088 184 92
0.813 | 21.920 426 | 2952.89 4077.80 175 88 11.524 10.168 132 66
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2= U= helix platell A

(1) helix plate®] 7%

Helical pileo] 2% helix plate2 A|§to g2 AA3 HAALZS 7FA 3L o, 79 2E Y
31d9& F3l Shafts ARFe g A4S A7tk vl Bk 3d A A Shaft~ upe}
Ad FES AFeh E3H helical pile A= % helix plate ShaftS %3] %22 helix
plate. 2 HEA|A B AaxAgE fikstA gho

(2) helix plate®] A= 7+24

helix plate #HZ 90cm °|%e A& Fi gdow HA7 7bssi. E3F H49
helix plates Shaftel] F2& S 32 242 AHS =40 B&ee AYdo] 7}

]'v’-—'—v ?l‘q
(3) helix plate®] Zt%=

helix plate?] A Zol A Z=+E FH A 3°0] 4o =2 311 helix plated] BE =34 9 X ol A
Azl A= =7t 443t E5 helix plates A2 ghof

(4) helix plate®] A7 3 +7F

AR H ol A7E F7HA717] YA = helix plate?] AAY F#S S7HA7= A
AA Aot} oluf helix plate?] 91x¥ A7 2 3+4 T, helix plate®] & 7154

st AE7F st £33 FAbe] w2 helix plate?] 2742 tigF 200 ~ 600mm H 4 ol
o AAAAHo] S5 QI T SIkstooF gt

1

ol
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A2 XZFHO Shaftez Xt= AHE st helical pile &H

A<k vk} o] helical pile AG@AAHS F2A]7]+= helix plateo] H]ste] Shafte]
T-7dol wi-g- 2] wjioll, AX] A7t 2 7% helical pile®] = 7heAdo] Eopxith

FzZo] 3t tAA S o]7] Y= Shafte] AAS F7HA Ak &A% Shafte] 27
7= AEn Y A5S 2389 helical pile?] S AA &gt kA 22 2 A 9
ShaftS AF83}+= helical pile?] FH & &8 oA E Shafte] @HS AHS AR=
Het A helical pile®] AAlets B A4 27, Aleil=dl whet 1% of Hu de=e]
FrbE f1A o] HE9] helix plates F7F #iA|sto] FH=Fs A= Wkl st 53 =

Helical pile #[7dell Ax€ F¢ EH sdge=zm d3 L e FAgle] AAS7HA
A wEbA Al T AEYE IJHARUES AL SAHIAE AlY =T NEE 3
AAHE v AGets] 5T F Aot S Y EHY AdHy AxH o] BA = of

o] 7] A

@), = helical pile®] =3&2]#]=¥ (ton)

K, = helical pile®] EAAF (m")
T=ArA¥ <5 549 3]d ZWE (ton'm)

K A7) F= 93FA }% helix plate®] # 7, helix plate®] 57|, &2 %5, Shafte] #
7d, helix plate®] pitchseo] Jou, B dAFFdHo= g1 KA 9 7HE T8 JFAAt
= Shafte] 27dolt) th& JAJAAES AAH-EA BAdd A JFS v A A K3rta

el k.
4 Shafte] A7l ADSE K AopAs A% /M, AddTE Fa delw

Shafte] 27 % o] W& &g EAAT K A 1 232129 2t

-
o
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H 2.3.2.12 E3 = K% Shaft ZZ Dt 2]

&} 55 A NA Shaft#] 7 Shaft =7 helix plate EaAs K,
(ton) (mm) 27 (mY)
23 27 73.0 5.08 254 29.7
32 47 76.0 6.35 254 26.3
35 45 88.9 5.33 254 23.1
46 45 88.9 5.33 254 23.1
63 19 114.3 6.35 254 18.8
77 23 114.3 6.35 288 18.8
80 25 114.3 7.87 305 18.8
91 27 114.3 7.87 305 18.8
125 15 139.7 7.62 406 155
150 15 145.2 9.39 406 15.2
184 22 145.2 11.7 406 15.2
- * helix plate®] 279 H+t27
e * helical pile 5 & H 73t 3L <

ety AFE Shaftwt AW EAAF Kb 2457 die] EAAY mge] Ae
F AgATHE G Eax} 24dons RE A A4Y Fele @ > gl

o},
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AAANANE A7) WE helical

Alske] 2 A 9] helical pile A7
o 27 AFAFTA FAE FEe tiste] AW

e helical pile?] H=HE(FHF = x3)H

o Autz7A W xXge =Z7|d wWE helix
plate®] =7] 2 AA =, 9A A L 23
gl

o FH= oA B FH AXY F7HE S 7
A 4 gl

o AFTA ASE AHH FL AUk Ay
o) 2 3 A Al

o AtAlF AFE ol & st AAAAY oF

2 A A]

e Al A
37h& aH)
36709+

o A Rk A}
(1270 &)

o WA ekA 7

(3671 2~)

L
(36%H)

EEECE

PADS

=
Al A

|
e
(e
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20%

AAH SAA 2" HFE EF TF helical

piles] A 9 H7}
o AAA L% helical pile 2 A
ok

A7 WAE helical pile] A1z 2 A

2

g

A& A

HI7H27M4)

20%

Abg o] 74 A A
] 7} 3 helical pile A1 &9 A% g

e helical piled] 2298 x|

o 12}-8 AAo] wE Axg fH F3 gl

e helical pile?} 7]&9] &7 dFEA L5
o] 48 g3 HE

CUES
o AW F R} E
NENEE . E

e At A (47h4)

i

20%

Helical pile Al &1 7jd
o A(AHI} BEAFE FAHs HRAAHE AF
Ar) Ho EHEIAA

e helical pile &3 #|A]2d 7t

o

=
R

rlo

« AAAEA
FEES:
Rk

7)) ak

~

ol

]

ANE-E=
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o e
> 4R
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g 574
AA 2 AFEaEs A 2IANEH R AT
o A|F AHFA] -
o O o AENE |17
o o b | @R AEA
= 7 = 3 i i
o H;"L}\}\]% 43 55 E48kodhelical pile A7l o 37 he] o] 2594
H A2 (ZES 0], caEE A
A .T'_jr‘,_]_ Z ;g/\ PAFS = A
o AFRY AYA A4 e alol o ==
o TE AF vy Axd et
| 100%
PIE ATAEEe B ATde] A% HE BAL A8 ATUgor T glon

Moo ot & ool
ol
ol
2
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e
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g
=
2o
=2,
(=
o2

i

elix plate®] Z7] @ Ax ¢ 9 HAA 2 g3}

!

e Helical pile®] HZFHE(ZFH =+ =3
o I oA B £ AAYH FI7HE A% g AA 2 gl
o AlF Al WA= A EE F AN F3bA o d FHA A

o AEAY AE o] & sl HAAAA
(2) AAH gl 2do] Wid FF714 helical pile®] A4 9 Ads H7}
+ helical pile A4
W3% helical pile®] #12F 2 A5 H7}
o FAMEH I AAA A
(3) A ¥tR 7}o] 7153k helical pile A3 I 2 Als H7}
o Xtz Tgt9d oy 9 AWE wjgn] 44
pZe

e Helical pilel] —12}$-8 =] 7]
J JT“)r-Or‘a ’“/\]Oﬂ WP% X]XW:J WA g3 &



uit)

N

o
o
=

e THelical pile @7 &A=
(5) AA 2 AFHEE A A= AT
e Harmony search algorithm- ©]-83 A 50| & 43} A E o] 7t

(6) A % AFHET A% AFu AWM 2y

o XE ANFHAY 5& EA3}o] helical pile AAH A A
o AlF#E A A 2A
o AlF AWEAl ZA
o S ATy Ald sk
o g8 2 oo w9

2 AARAE Z7]o] wE helical pile?] AFEA A, ‘AAE &
=714 helical pilee] A= 9 AT 7Y, Ak Ado]l 7H5 3 helical
A% H7V, Chelical pile Al Au] Ak AA L AlFAYE Y3 &
g AlA ZAd gk AT T8 Hikolw, FE AGAIA T F

2~
— ™
He vgon AT% Fystn

N

AlFZAFeE BST(Borehole Shear
ANEANA glso] dgld udo] &
145 FA A FPEQom A]FHEA|
of et

(a) AEA BAS =AY 94
A&F A (Site No. 1 & 4)
g 2.3.3.1. ANZ2EXN &4
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DR | I—I— I—OG HOIZI : 1 & 1 HOZ
= A &) NENHEEE T
2Ad %E%ﬁn}s#/\l&‘);‘ﬂﬂl F —— FEMARKS
PROJECT ;?EE;; s
# = ELEVATION S EzagAu ur A3
2= dZA SEE AR & S.P.T. SHMFLE
LOGAT| ON Ast=9 (6l-)  az H LS
“ GROUND WATER T CODP:E 'S PLE
L 20140124 - 2014-01-24 asq ] SEUA AE
DATE INSPECTOR —_— DISTURBED SAMFLE
N B BEEEANE
B |Scale| &l ﬁfﬁ FAE 18 &g Z g Samp e Standa: Penetration Tes
Elev, Depth | kness |CotumnarfK] &% PESE T = o |ME|HH|AH| W N blow
vl ow | | fsem 7 s|us|aufaz| & | 0 5
= U] S
-080] doso] om0 T” e M2 s ||
3 oA AE 1|1 Q| 1.0]woso
. i =
= ﬁ 8 s2 | Q2050
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= 4EF g '
— Hexy 4| Q4.0 ]em0
3 ( a8
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= pESE
- s aEaDy s-6 [ Q) ]5.0 2430
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- 4 ZuIER 7 Q| 7.0|z4030
3 [
— ) 8| Q8.0 |2830
3 1 3| Q9.0 ]340
g q
— eleEas ot |s-10] @ |ro.0fs0/30
3 [ |
= ) s-11| Q|11 .050/22 |
= 1 s-12| @ [12.0|50/20
E ) |
- [ 13| Q) |13.0|5018
3 [ |
— ] s-14| @ [14.0]50/15 |
-15.00 :WE‘OO 10.00 _"- x s-15| @ |15.0| 50710
= =8g |
= A pSEY
= 4 JjHet e By s-16] Q) |15.0] 5008
3 W Aese| FoN 28 4 uzamas & 5 |
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E A% 24 9 |
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DATE INSPECTOR DISTURBED SAMPLE
Al B HEERAE
B |Scale| &= ﬁg FraE S :: Samp |e Standard Penetration Tes
1c=
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= 1] pres PUHEE SH
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Borehole Shear Test

Froject FEALER AT A AREANSite 1)
7 13z E o
Location | 2] %E";\f]j/] gl Test by ot
Borehole Q112 Depth(m (GL.-m)
No. ) 9.0710.0
Test 4 Water B
Date 20014-1-24 level (GL.-m) 34
ol 315 (SM) N Value 3650
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Clzg,srfllca Unit | Value
(kPa) (kPa)
1 200 160 Cohesio
2 400 322 n kPa 2900
3 600 434
4 800 584 Fglrclgl%n Déeegr 3468
5
700
® 600 -
a
= 500 +
% 400 |
.
b 300 y=0.717x+ 25
® 200 |
£
=100
0 I I L 1
0 200 400 600 800 1000

Normal Stress (kPa)

18 2.3.3.4 AI=& S1-101 Ciet BST
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Borehole Shear Test

Frolect FEAGE  RAATHA 2PdE AwEA
Name
A7 AE B3 "o
1 [e]
Location Al Test by 2w )
Borehole Depth(m (GL.-m)
SBH-2 _
No. ) 9.0710.0
Test Water
20014-1-24 (GL.-m) 34
Date level
Solil
E A (SM) N Value 36750
Class
Test Data Test Result
NormalStr | ShearStre )
Classfica .
No. ess SS ] Unit | Value
tion
(kPa) (kPa)
1 200 181 Cohesio
3 600 545
4 800 721 Friction Degr 41.84
5 Angle ee '
700
® 600 |
=™
= 500
w 400 |
2
ﬁ 300 r y=0.692x + 29
® 200
2
wn 100 -
0 1 1 ! I
0 200 400 600 800 1000

Normal Stress (kPa)

1% 2.3.3.5. AIZ=3 SI - 201 O4et BST
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H 2.3.3.1. BUHIHSIAIE Z21 2
il Al E= N value ¢ @ H] 11
(t/m2)

3.074.0 16718 27.00 27.92

SBH-1
9.0710.0 34750 25.00 35.64
3.074.0 11712 20.50 30.50

SBH-2
9.0710.0 36750 29.00 34.68
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Borehole Shear Test

Froject FEILER  AAAT A AREAKSite 2)
e 7 _
Location 471 “'J;j‘ij,_gabﬂﬁ Test by o] & A
Borehole S19-1 Depth(m (GL.-m)
No. ) 2.073.0
Test e Water B
Date 20014-6-10 level (GL.-m) 24
ol 315 (SM) N Value 2950
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Clz};srfllca Unit | Value
(kPa) (kPa)
1 100 82 )
Cohesio
2 200 134 n kPa 21.50
3 300 185
4 400 255 Friction | Degr
Angle ee 29.68
5
300
®
(-9
=
& 200
@
-~
> y=057x+215
= 100 F
®
-1}
£
w
O 1 1 ] ]
0 100 200 300 400 500

Normal Stress (kPa)

1% 2.3.3.8. AIZ=& S2 - 10 Oiet BST
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Borehole Shear Test (6m)

Froject FEILER  AAAT A AREAKSite 2)
e 7 _
Location 471 “'J;j‘ij,_gabﬂﬁ Test by o] & A
Borehole o Depth(m (GL.-m)
No. S1-2-2 ) 2.0°3.0
Test e Water B
Date 20014-6-10 level (GL.-m) 19
ol 315 (SM) N Value 3750
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Classﬁca Unit | Value
(kPa) (kPa) tion
1 100 7 )
Cohesio
2 200 133 n | KPa | 2750
3 300 186
4 400 257 Friction | Degr
5 Angle ee 29.16
300
®
a
=
" 200 |
@
@
™
b y=0.558x+275
= 100
®
@
=
N
0 1 1 1 1
0 100 200 300 400 500
Normal Stress (kPa)
8 2.3.3.9. AIZ=ES3 S2 - 20l CHst BST
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H 2.3.3.2. S2 ZUHHGIAIY 210 @<
kil A= N value ¢ ) H] 11
(t/m2)
SBH-1 2.073.0 29750 21.50 29.68
SBH-2 2.073.0 37750 27.50 29.16
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Borehole Shear Test

Hroject FEALER  GAAT A AREAKSite 3)
Location | 7] A 4A&F Test by o] & A
Borehol S[-3-1 Depth(m (GL.-m)
e No. ) 3.074.0
Test o Water B
Date 20014-2-4 level (GL.-m) 15
Soil = = -
Class 23 E(SM) N Value 29746
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Cliissr’[}ca Unit | Value
(kPa) (kPa)
1 100 98 )
Cohesio
3 300 212
4 400 320 Friction | Degr
Angle ee 35.30
5
400
) .
x 300
@
- [ ]
% 200 r
- y=0.708x + 23
® 100 |
£
/7]
0 1 1 l l
0 100 200 300 400 500

Normal Stress (kPa)

18 2.3.3.12 AI=& S3-10i CHer BST
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Borehole Shear Test (6m)

Eroject FERER AR I A2 AKSite 3)
Location | 7] A 4Al&F Test by o] & A
Borehole a0 Depth(m (GL.-m)
No. SI=3-2 ) 3.0°4.0
Test o Water B
Date 20014-2-4 level (GL.-m) 14
Soil = = -
Class 23 E(SM) N Value 42750
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Cliissr’[}ca Unit | Value
(kPa) (kPa)
1 100 88 )
Cohesio
3 300 234
4 400 302 Friction | Degr
Angle ee 34.68
5
400
)
= 300
@
@
® 200
ﬁ y=0.692x + 29
§ 100 é
-
wn
0 1 | 1
0 100 200 300 400 500

Normal Stress (kPa)

18 2.3.3.13 AIZ=& S3 - 201 Oiet BST
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2.3.3.3. SUTHSIAIE 21 2
el A= N value ¢ o H] 3
(t/m2)
SBH-1 3.074.0 29746 23.00 35.30
SBH-2 3.074.0 42750 29.00 34.68
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Borehole Shear Test

Eroject FEWER  FAATIA A EAKSite 4)
A T2 o
Location 371 %Ejf]ﬂ%ﬂ H Test by o] & A
Borehol ST-4-1 Depth(m (GL.-m)
e No. ) 9.0710.0
Test o Water B
Date 20014-2-19 level (GL.-m) 2.8
Sol % 315 (SM) N Value 40750
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Cle:jssrfllca Unit | Value
(kPa) (kPa)
1 200 182 Cohesio
2 400 344 n kPa 3100
3 600 422
4 800 646 Friction | Degr
Angle ee 36.32
5
700
o ®
® 600 [
a
< 500 |
E 400 | .
g 300 | y=0.735x+ 31
& 200
2
=100 |
0 | | | |
0 200 400 600 800 1000

Normal Stress (kPa)

18 2.3.3.16. A= S4-10il CHSF BST
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Borehole Shear Test

Hroject FEIER AN AT A2 Site 4)
7 T3z 4] B2 O _
Location | 2] %EJ;\;F/] e 44 Test by o] & 4
Borehol e Depth(m (GL.-m)
e No. Sl-4-2 ) 9.0°10.0
Test o Water B
Date 20014-2-19 level (GL.-m) 3.2
Sol 315 (SM) N Value 42750
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Clz};srfllca Unit | Value
(kPa) (kPa)
1 200 133 Cohesio
2 400 314 n kPa 2600
3 600 402
4 800 528 Friction | Degr
Angle ee 32.48
5
600
E 500
=
G 400
@
$ 300 - y=0.636x + 26
&
m 200
8
& 100 |
/7]
O | | 1
0 200 400 600 800 1000

Normal Stress (kPa)

8 2.3.3.17. ANIF=3 S4-20i CHSt BST

- 102 -




C
ol Ale N val ) H] 3
° vae (t/m2) I
5.076.0 17725 25.00 24.84
SBH-1
9.0710.0 40750 31.00 36.32
5076.0 13718 22.0 25.64
SBH-2
9.0710.0 42750 26.0 32.48
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Borehole Shear Test

Hroject FEALER  GAAT A AREAKSite 5)
A7 LA ¥
Location 471 "‘%g wheld Test by ot ¥ H
Borehol Q151 Depth(m (GL.-m)
e No. ) 9.0710.0
Test 4 Water B
Date 20014-1-24 level (GL.-m) 2.6
Sol 315 (SM) N Value 41750
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Clz};srfllca Unit | Value
(kPa) (kPa)
1 200 154 Cohesio
2 400 334 n kPa 2800
3 600 368
4 800 586 Friction | Degr
5 Angle ee 33.62
700
® 600 .
a
= 500 |
@ 400 |
2 ']
& 300 T y=0.665x + 28
& 200 |
@
% 100 |
0 1 1 1 L
0 200 400 600 800 1000

Normal Stress (kPa)

18 2.3.3.20. A= S5-10i CHEF BST
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Borehole Shear Test

Hroject FEALER  GAAT A AREAKSite 5)
7 13z E o
Location | 2] %Ejﬂj/] sX1% Test by ot
Borehol = Depth(m (GL.-m)
e No. SI=5-2 ) 9.0°10.0
Test a6 Water B
Date 20014-3-20 level (GL.-m) 3.0
Sol 315 (SM) N Value 43750
Test Data Test Result
NormalStr | ShearStre .
No. ess SS Clz};srfllca Unit | Value
(kPa) (kPa)
1 200 130 Cohesio
2 400 334 n kPa 3000
3 600 388
4 800 534 Friction | Degr
Angle ee 32.33
5
600
& 500
=
. 400 -
I
2 300 r y=0.633x+ 30
&
= 200
o ‘
&= 100 r
W
0 1 I 1 L
0 200 400 600 800 1000

Normal Stress (kPa)

8 2.3.3.21. A= S5-20i CHSt BST
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H 2.3.3.5. ZLHMGIAIEY Z21 2
C
=FH Ale N value d H| 1
(t/m2)
5.076.0 10712 22.0 25.36
SBH-1
9.0710.0 41750 28.0 33.62
5.076.0 11712 24.0 25.08
SBH-2
9.0710.0 43750 30.0 32.33
A WA AN A 29 38 Fe AmolA QhubAwe] Rxake] AT
AR A R 2 AT P 14 oA BEABATE A
o7 AFE FYP3R o, Fx 55 xwtr7Fgye] delo A&}
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(2) Ndatde] g4 5 Al

ol

]

b

A& helical pile®] AAE 1AHEE A Zo] FHAUYE ol &t R E S
AA stz o2 Wkl ghefstd ASAI @G A E o] &k

Algd 84 F9e 73mme 89mm, 133 114dmm A AHAS = 3

350, 300, 250, 200mm & 7de] ¥ =FU7N = ez FAsA Y. 3

Ae ded mde A3 7 HFe Imz vASAY. 74 dEF wde] F AA, d¥
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8 2.3.3.24. Shape of helical piles
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(b) Additional shaft

and central shaft

18 2.3.3.25. Load test process

Q
a

A o] A

& A

™

file)

o

i
G

bo

gA A

AspA el

T
‘:I?‘

=

13

;OO
=0

=0

OkH

T Ao e

1

;OE

o
!

SFA]

A

A (Cell)

A (Jack) o] L}

o)k Al
2

A Zﬂ;ﬁ,’% ¢

]

= E2
L]

A

°] 90%

+ 2] skA]
o Abgol 27
a9 233269 o

ks
pul

T o

541

& Al

iy

%

ol A

= ol

Ao 1099 7Y

=
=

bIEs 2w

[e)

Al o] tH(Osterberg, 1998).

=
- T
2a2A=

3

- 12 -



— . =)
— <~ =W <0 X
FTIETELDL DT
= o = T S X o G T
< mﬂ ) & P o W o ol WoR ]
7 g s =R e BEL
[ap] 00 [ ™
TR o® o H 9 T @
~o oy ~5 g ‘mﬂ ‘w ‘mﬂ
X = W o Ew 700 o R~
L . ,LXI oy Aok s WOm 9
o TN o ot o W
0 O#E T aa < AO K~
_,_ = 8- T <R
»A X a ﬂﬂ Ot ‘H_Ol ) ‘Aluﬂ . a
g & = o oy = I
X ﬂ_OI v m w N ~ B "
R ST - [ AN~ R
= "X = T o o
u%@rlﬂA@rwﬂmﬁoy%
IR ED TN om o O
. ® e EFw 2o oy
_ g = Jo E R g _mw w & o
E: 2 23 = % T W o & R
i g B w drrrETEY el
= g 2 m..w & ,.nm_.. 0 o T X N ol o 2 Mo B =0
e bE i 3 F%?ﬂﬂo, © oL ow B
. . . = B T T H A roxo°
. i) > T o= .q_.ol ﬂ_OI o =) A -
= —_ X o s o ,mmE X .ﬂ,_owo
SRR BN g2 o
=: N [ S w0 Qo _
70 XN me - = X o
I © ToM oo T Nr o
[9) Ho o 0 o] = =m =l o
Q —~ o z.L oM 17_Al < ,.:1_ _5._1 T X
o ™ ow oo g om o= w0 sy
g ™ SO Sy o T
i @ KE KRB ® B =
: g TR e T e R g o
g w,m E2 & N my %0 Ak = °© <X % R
a u..ﬁ ﬂ. n0 = O#E = = X T —
= B n o = N = ® ® X =z 3
* MW n KH ‘UI I H;l g ﬂ ‘HOI
g s G 5T o 2 I =
£ SN R 5o
gl _Iﬁ_w,_ < 3 Mc < \_lvﬁ . HT <9 R &
X oo o3 ® TR oo
o N = w5y & cl o ETIC
0 — Ju gy L 1o
T oo ® T ﬂq% .wwom _M_Mr %xo T Mm o
waﬂloﬂ%aa%ﬂ_éﬂﬁﬁvw
w < - TN K%
BT g T NS 5o T o o
| L
IS S

- 113 -



0z

wwos) #¥ons

G

___"Eﬂ
10
4o
)
o

e



o] e

)
Ho

—

H

T

Y

o

H

=)

H

(th A

o) Mo
:L ~
Xy on
CUNCY
o W
™ W
X "
CEE
R
¥ o
B
T ol
T o
)
P
i o.
coli
No 5
—=Z0
a5
o ot
N
T <°
B
B
T
<%
o
Cemr
CL -
& T
o —
0
o ™
o X
=
o
N N_.o
oy
B
—

s
1

pZS

1
94 sl

b
3l
=

A kol o]

Fejol A e

T
A

97 shele] 1ehs-

= 3
- =

2 7]FE A H

WO o
Moo -
= % =0
o ) EK
B
o K
< E
B ™
= il
o MM ol
EodT
W M mm
CCR
o
‘Aluﬂ ;OL Xw_
ﬂNO ﬂ_% ,ﬂOlL
b4 E s
2
Al ok ™
—_— 1_11_ O#
) @o =0
.
o —
0
Nk "
Ty
I wK zo
WX
G
ol ey
=1 < T
- i_ Ia
0 er
BT
)
fife) J_,mo
) 0 ‘M
el 4
No o B
OME ﬂArO
oo
w oo- A

il

ozl 19 2.3.3.299

]

st ARES W7}
73mm, 114mm 45l 400mm }

of

0

ﬂ

pul

o
_1!
il
ol

oy

[~

[e)
32
1

[}

A

al

!

A <

- 115 -



S|
&

Q) @& A 23

A

7h % dAsAd 23
7 Ay g2 AxoNA 3m, 45m, 6m, 123 7.5m Zo] 7k #HEe] A S
T8t zojde sF-HauAdes AAst AR ste-Hekades wHEoem
log(P)-log(S) ®WHl< A&3to] AAHS Ao, 3m7hA #dd = 274 73mme]
dejd mped o] AAY S 29 233300 YEbl AT 3 45m, 6m, 7.5m7HA #
AdE = A4 73mme AeF FdS Zhz a9 23331, 1™ 233323 19 23.3.3390 U
guiler, & 274 89mmet 114mm @2 vpdo] A= Y-S 27 23334711
233410 =AlsATE 3, Ao S Ao ode] FA ol wet A" F
g gl AAHE dejd 9l S0 A4 wel Z42h % 2337 T F 23380 WE

d

S

[e:

Log(P) — Log(3) LogP) — Log(S8)
1 0 100 ] 100

01

Setilement (mm)
Settlement (mm)

18.8 ton

=

\ v
L
100 100
Load (ton) Load {(ton)
(a) Typel (b) Typell
Log(P) - Log(s) Log(P) - Log(S)
- 1 10 100 - 1 10 100
; = 1 £
E =
E - E 14.5ton
£ \k 5 \
g £ §
E=] e ¥
L 10 D 10 it
@2 \k 16.5to 5 \
N 4
1= \
pY
A
66 100
Load (ton) Load (ton)
(c) Typell (d) TypelV

18 2.3.83.30. ot= &dt =24 (5 2 73mm, 0l 3m)

- 116 -



Settlement (mm)

1

Log(P) — Log(S)
10

Log(P) — Log(S)

100 0
0.0t 01
01
1
g E >
z £
S ~. = 3
3 = g X
i g‘ 1 | 23.6ton
N
3 %
.1 ¥
100 100
Load (ton) Load (ton)
(a) Typel (b) Typell
Log(P) — Log(S) Log(P) — Log(S)
10 100 5 50
0.1 0.1
1 !
s [T = B +e-stm
|5 5]
£ g =
§ o "l‘ E 10 =
"A 16.7 ton \\
‘k‘/ L
100 100
Load (ton) Load (ton)
(c) Typell (d) TypelV
18 2.3.3.31. ot= &at 24 (5 2AE 73mm, 20l 4.5m)
Log(P) - Log(S) Log(P) - Log(s)
1 10 100 0 100
0.m 0.1
0.1 1
[
E .3 E Y
o = 10
E g \ 26.8ton
% 3 e —
©n S
100
100 1000
Load (ton} Load (ton)

01

ooo

(a) Typel

Log(P) — Log(S)

(b) Typell

Log(P) — Log(S)

100

10 100 1 10
N
| 16.0 top
|
g s
=
! & i
Load (ton) o Load (ton)
(c) Typell (d) TypelV
18 2.3.3.32. ot= &at 24 (5 A 73mm, 20l 6m)

- 117 -



Log(P) — Log(s)
]

Log(P) — Log(s)

118 -

a1 100 -
1 L \
£ : £ 5
£ i 5 3
5 ~= =
5 - | g 1o -
@ \l 27.)oton \ 32/0ton
4 B /
i 1/
¥
100 100
Load ¢tom) Load (ton)
(a) Typel (b) Typell
Log(P) — Log(S) Log(P) - Log(s)
10 100 5 50
o1 0.1
1 1
= 320 ton —
E E
E=IN T g 10
5 e 5 \ ,_— 2051t
= L.
& “‘ 3 kS
100 100
a
1000 1000
Load (ton) Load (ton)
(c) Typell (d) TypelV
18 2.3.3.33. ot= &ot 24 (5 2E 73mm, 20l 7.5m)
Log(P) — Log(S) Log(P) - Log(s)
0 5 50
1 \ 0.1
1\ 1
- \ ) |
£ \l\ £
= [SE 2.0ton
3 5] NeT
E \k 19.3 ton 5
E=1 Y
& N 8
‘i\‘l‘ 100
L
100 =!
1000
Load (ton) Load (ton)
(a) Typel (b) Typell
Log(P) — Log(S) Log{P) — Log(S)
5 =) 5 50
o1 [a8]
1 1
— — 220 ton
£ N H
E LN g Y \3
% tor % B \\
& 1o \ & 10 1
i
3
A
%
100 100
Load (ton) Load (ton)
(c) Typell (d) TypelV
18 2.3.3.34. ot= &at 24 (5 2A 89mm, 0l 3m)



Settiement (mm)

Settiement (mm)

Settlement (mm)

100

Settlement (mm)

100

Log(P) — Log(S)
50

\ 5.5ton

\
\

}
\

Load (ton)

(a) Typel

Log(P) - Log(s)
50

A
AT

W

Load (ton}

(¢) Typelll
g 2.3.3.35. ot &ol =

Log(P) — Log(S)
10

=1

X\"/ 18.5 ton

100

Load (ton)

(a) Typel

Log(P) — Log(8)

50

\k__.——- 30.5 ton
1

Load (ton)

(¢) Typelll
g 2.3.3.36. of

O
o
ol
Jy

Log(P) - Log(S)

Settlement (mm)

1000
Load (ton)

(b) Typell

Log(P) — Log(S)
50
0.1

g 1
2 1
5 —
3 !
& o
PR 14.9 ton
T
100
Load (ton)

(d) TypelV

S (= 2A 89mm, 20| 4.5m)

Log(P) - Log(s)

1 1o 100
o1

Pt 27,5 ton|

Settiement (mm)

1000

Load (ton)

(b) Typell

Log(P) - Log(s)
50
0.1

Settlement (mm)

pE=

Load (ton)

(d) TypelV

& (= =ZH 89mm, 20| 6m)

119 -



o1

Log(P) — Log(S)

50

Settlement (mm)

100

0.1

Load (ton)

(a) Typel

Log(P) - Log(S)

50

| 36.0ton

Settlement (mm)

1000

Load (ton)

(¢) Typell

8 2.3.3.37. ot&

logP) — 1 0g(3)

&ot =

0.1

, 1s3ton

7

Settlement (mm)

100

0.1

Load (ton)

(a) Typel

Log(P) - Log(S)

19:0ton

Settlement (mm)

]

Load (ton)

(¢) Typelll

8 2.3.3.38.

Log(P) - Log(S)

50

9%
\
=, %]
£
£ 10 ~
E \ 30.0ton
£ SR
@ ~N
b
X
3
-
100
Load (ton)
(b) Typell
Log(P) — Log(S)
5 50
1
g .
£ 10
g \ \ 32.0ton
< 41
g N
3 \
\
by
L]
100
Load (ton)

Z 89mm, 20| 7.5m)

(d) TypelV

Log(P) - Log(S)

- 120 -

1
N
£
é ‘ 0.0ton
E 10 .\\/’l
100
Load (ton)
(b) Typell
Log(P) - Log(s)
18 100
0.1
i
= \
= |
é e \\‘ 18.6ton
@2 %
T
. Load (ton)
(d) TypelV
& (5 =& 114mm, 20l 3m)



Log(P) - Log(s)

Log(P) - Log(S)

o.01 100 on'®
o1
‘
1
E E
£
E ‘&’ E 10 & 72
0 . N
4
T
100 100
Load (ton) Load (ton)
(a) Typel (b) Typell
Log(P) - Log(s) Log(P) - Log(s)
Fie 00 - 100
1 1
£ £
5 g
E 0 2 10 «
@ 20.4ton ” \ \/
Z i
b R
100 100
Load (ton) Load (ton)
(¢) Typell (d) TypelV
18 2.3.3.39. ot= &aok 24 (5 =& 114mm, 20l 4.5m)
Log(P) - Log(s) Log(P) - Log(s)
10 100 10
0.01 -
0.1
|
€ E
£, £ ~
5 5
5 LT £ L
E 23.0ton g 10
i = l/ \ 32.0ton
. N
100 e
Load (ton) Load (ton)
(a) Typel (b) Typell
Log(P) - Log(s) Lag(P) — 10g(3)
- 100 0q'© %
1 1
E E T~
: 5 =
& 10 @ =
@ \‘ / I \ 31410
NP N
L 3
100 100
Load (ton) Load (lon)

(¢) Typelll
g 2.3.3.40.

- 121 -

(d) TypelV
114mm, 20l 6m)



Log(P) — Log(S) Log(P) - Log(s)

ax
o
=
1
= = N 35.5ton
£ £
5
5 S S -
% E
3 = = 3 \
1o X 7 c
LN kY
N Y
o
100 100
Load (ton) Load (ton)
(a) Typel (b) Typell
Log(P) - Log(S) Log(P) — Log(s)
5 50 o1 10 100
0.1
<
1 1
€ €
E 32.0ton E N
5 .
g E 1o >
\ N | 32.2t0n
—
Y §
100 100
Load (ton) Load (tor)
(¢) Typell (d) TypelV

18 2.3.3.41. ot& &ot =54 (= A 114mm, 20l 7.5m)

AutAoz WA Hol AF A AFe] FrE A £ mHe AZEA: dAelZ

sle] A3 o] At gow, deld $Q Feo| Aol wet 1) ATE

2RE AAYE 428 4 YrhPerko, 2009). 9| A7) e AF A FARH A
Aele] Al )

Arrel7] A& d8d 3d #Y A SAHE FUEHe E
7 74 114mme =4

e 13

2 o
|o
R
o,
il
24
[-'0
T
1Y
2
A
N
o
1
=
-3

2 3
Tshaft 4 Tplate Tplate
P=r = Y2l YAy 2 (1)

- 122 -



a9 23342, 1
4l ﬁ%iiﬁké
al

0] 3m, 45m, 6m, 12]3 75melA =A

datAct FAFAE S B3 SHE g
=, Z 3d = 274 73mmet 114mm 7 -$-°ll

3 SAE ARHEY HFEAS] dA= v BAAEES

FBAE E‘?j]—% o & ok ¥ 515904 = A4 73mmet 114mm$]
2+ 04

2.3.3.43°14 A A A
7 % 2337# & 2338 A
= 2

—'?i o

Torque (ton*m) Torque (ton*m)
0 0.5 1 1.5 2 25 0 0.5 1 15 2 25 3

0 | | | | | | | | 0 | | [ | |
—&— Field Data 1 .\ —@— Field Data

1 — |
. —— Theoretical Data 1\ —M— Theoretical Data
2 : 2 \
3

Depth (m)
(4]
|
Depth (m)
[;]
|

77 77
. . -
8 — 8

9 ] g —
10 — 10 —
(a) Typel (b) Typell
Torque (ton*m) Torque (ton*m)
0 05 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3
0 [ \ \ Ly 0 \ \ Lo \ |
1] —@— Field Data —@— Field Data
: I\ —M— Theoretical Data —1— Theoretical Data
2 —
3 —
— 4 — =
E" 8
£ 5 =
o a
9] A @
a [s)]

" a Nl

(c) Typelll (d) TypelV
g 2.3.3.42. 22 2A0/¢ &3 2t (5 A 73mm)

- 123 -



Depth (m)

Depth (m)

Torque (ton*m)
1 1.5 2
| | [ |

—@— Field Data
—— Theoretical Data

3

(a) Type I
Torque (ton*m)
1 1.5 2
| \ \ L

—@— Field Data
—— Theoretical Data

(c) Typell
8 2.3.3.43.

5
=

©

Torque (ton*m)
1 1.5 2 25 3
\ Ly \ |

Depth (m)

—@— Field Data
—— Theoretical Data

(b) Typell
Torque (ton*m)
1 15 2 25 3
\ Lo \ |

Depth (m)

2k
BA

- 124 -

(=

—@ — Field Data
—— Theoretical Data

(d) TypelV
=2 114mm)

-



T 2337 8 WotAlE® 20 2 HEET (= XA 73m)
i . o ol 224 HTEZ
% 27 A 27 M
- g (mm) d (mm) (m) (ton) (ton‘m)
3 185 1.08
45 20 1.21
Typel 400 6 182 121
75 27 1.35
3 188 1.14
45 236 1.22
Typell |400,350,300 : 68 15
75 32 14
73 3 165 113
45 16.7 1.24
Typelll | 350,300,250 o 5% 198
75 389 13
3 145 115
45 1556 121
TypelV  |300,250,200 R G 193
75 205 131
T 2.3.3.8 8% WotAIE 20 2 A3 (5 = 114mm)
3 g 2ol A BESE]
% A7 99 4% P
= 3 (mm) ¥ 4 (mm) (m) (ton) (ton'm)
3 183 1.03
45 181 113
Type I 400 6 23 114
75 239 1.22
3 20 1.23
45 226 135
Typell | 400,350,300 : 5 15
75 355 155
114 3 19 115
45 20.4 1.22
Typelll |350,300,250 6 248 128
75 32 151
3 186 1.19
45 205 1.25
TypelV | 300,250,200 o S1a 153
75 32.2 1.48

- 125 -



50

40 — ’
T
= @ R2=0.449
230 '
: . )2
O
220 o o *®
3 4
@ 2

10

0 I I I |

1 1.1 1.2 1.3 1.4

Torque (ton*m)

(a) = A7 73mm
50 —

IS
o
|

5 R2=0.8065
>0 L
(&)
g
¢ ®
(6]
220 34 G *
G * 4
[
o
10
0 T ‘ \ ‘ \ ‘ \
1 1.2 1.4 1.6

Torque (ton*m)

(c) & 27 114mm

a8 2.3.3.44. NXEM 2ESEIS 2K

Al
a3

e

(W) helical pile®] ®4H3 =122 7o A7

233790 Aol 5 A% Tnm @Y A ddel b Aol Wahs
2.3.345(a)°l, 3% 2338 AE = A7 114dmm g7 Ao #AYJZolo wE A]A
5 2

9
9 23345.c)° WEbUdTh 19 23345.(a)0 A A sde) F
ask uf, o] Aol 400, 350, 300mmel A-F-(Type M)l A A o] T &Ato]
350, 300, 250mm¢! 7d-¢-(Type It Aol &F24Fe] 300, 250, 200mme! 73-%
Ay Fdo] AAHHET Z AL T 5 Aok 19 23345.(c0)lA = A4
A Agole FUsA Aol Fol Type M 497k Type M Ei= Type Ve B 51
2 AL Rolnz Y AASAY Art 3o AA Zrle] e AyA
sG] AAY Frhs A wdde & & vk & A7 mme] e H FdL A
] d5(Type Dell= 370¢] @1gto] 25 Type MET=
A A&7 3m, 45md W= o 2 AAHE A,
g8 Hol o FAHUG. Aol FAFol Type

OHT

A Aol How, Type Mt WiLst
6mel 7.5moll A= 23y A2 A7

- 126 -



Vel Aol Type 11T AAHe] HA ZAHALG. 19 23345004 % A7o]
114mmel 2o+ 5 A7 o] 73mmel 499 fFAe A3E Ho|X|Rk 4717] A EedA B
T A7 400 mm | 1S #ejE 9d(Type DO A Aol ko] 37020 dejd 5
(Type O<F M, V)ETE AA SAAJT. A7 o] 400mmel 1719 ds F st de4
ol AL Hatd Aol Aol 300mm FEiE 250mmel A -¢HT B FLd EAv)
Aoz At AL 1YsE S W, 99 1S FFe ded gdug 99 3E F
2hgk g stdo] AAHE st Qo] AU oE gaAolgdes S Add
3=

Aeld gdel FASFe Aol AAH| m A= JFES HUtshr] flete] wLE 4%
PaJol dial, 2 H Ao wmE AxHe #AE 1Y 2.3.3.469| UrEMO*E} 4 FA
Type I(71¥ 2.3.346.(b) &Z)¥ Type V(18 23346d ZZ)oIA %= AAo] Z71319<
uf A zlold uwgl XA Ho] tha F7hetl A3 o] Type 1 H+= Type MU 7
FoAE Fo] Aol F7tge] wel A X Ho] Frtste AL FAT F Qo Ao P4
of wE 2% W3S veld 17 233459 HluER S ul, AdiFHoz Ade] 2 Aol
5o AARY A Fde] XA Ho m X FIFo] A= AL AT 7 AT

40 | s 40 | K

G20 e_g/ A S0 o / ‘/ 8 g ) §

§ 2t A S = 2

FE FE e +E

B A S A A T L A L ]

Depth (m) Depth (m) Depth (m)
(a) = A7 73mm (b) = #7 89mm (c) & #7 114mm

18 2.3.3.45. Ao 40 E XNX=H Hat

- 127 -



40 — 50 —

= E40 —
g% s
2 4 2
-6 .6 30 —
m© ©
220 .
(@) @)
[o)] i o> 20 —
£ £
@ T
‘qﬁ) 10 — —&— shaft73 c‘g —&— shaft73
—@— shaft 89 10 — —@—— shaft 89
B —l— shaft 114 —l— shaft 114
0 L T L R — 0 L T I | \
0 2 4 6 8 10 0 2 4 6 8 10
Depth (m) Depth (m)
(a) Typel (b) Typell
50 — 40 —
=47 =
5§ | §30-
2 2 -
G 30 ks
m© ©
g o S20
(@) @)
20 o
£ £
QA @
‘qﬁ —4— shaft73 c‘g 10 —— shaft73
10 — @ shaft8o —@— shaft89
—M— shaft 114 o —l— shaft 114
0 | T L R — 0 I T I | \
0 2 4 6 8 10 0 2 4 6 8 10
Depth (m) Depth (m)
(c) Typelll (d) TypelV

8 2.3.3.46 = AF0 E XNXH et

(th o= A Y3 Ag A} @

A, @8 AAAES Tl AT YA FYe AAXHE Individual bearing
method?} Cylindrical shear method< &3l A3 o5 A A3 vttt kA o=
Ao gpd o] AAHE A AAA A Ho] A eh= H|Fo] Ao R vl ATt 53
FAA R AE7E e Ao AAEY giiEo] fd@e] daxxgor T, o
gk o fr 2 Ao A, ATld wep AP EE AAEE Hlawstr] fste] Al 7HA] F9
A (73mm, 9mm, 114mm) FolA HA =9 5,7610] 73mmo]jr_ AA6] 400 mm AT 1

= g < % 23347@)°l, A He] 7+

A7F F-A2E 2 Bd(Type 1) A5 3 o
7} 400, 350, 300mm¢<! 379 ¥wo] F-2d 3 JJrO‘(Type IE 1¢ 23347()ell, &
7dol zbzh 350, 300, 250mmel 370 wo] FFE WH w<d(Type IDE L™
23347(c)ell, 28 mpA|to® A o] Zkzk 300, 250, 200mm¢<! 37§ o] F-EE I
g2 3 (Type V)E ¥ 23347del wustith. 1709 o] Fzd dAdZd v

e JN

_rE

=

o
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(Type1)2] AAH o= Individual bearing method¥} Cylindrical shear methodel A
A3t AyE A= 19 23.347(a)ol A Individual bearing method (%+= Cylindrical
shear method)2. 2 oS3k XX o] 3me} 45m, 18|31 75m AEAAE= AS XX Ho
Hlal ot A AP E Ao, 6m A HolAes ASHT AA AR ESAT ol 6mA Aol A
A 2AAHe] AR AlgHE T 19 23347(b)9F 17 23.347(c)l A Hito] 37 -
27l A A 91U (Type O¢ M-S Individual bearing methodC & o =3k =] %] & 9
AzAAEret 2 S BoFQ i, Cylindrical shear method?] ¢ Adjd oz #& %k
< Btk d#e PHo] Type VI AFoe A% 3mE ALty sd3 &S BHolF

9] 7ol 89mmel A U] oF H AF XY vl 19 233480 e
wdth 17 233.48(b)¢F 1¥ 2.3.348.(c)ollA AeA stde] = A o] 8mmel 5ol =
Iy 233479 =AE = A7 73mme deElE 9 Individual bearing
methodo. & o3 X x|He] AL AZxxdHuct & ke Ho]F3 Cylindrical shear
method®] 7% G o= 22 ks Bl

)
offt
e
Ol
o
X

40 ]
4 60 —|
5 30 § ,
= >
= - 'S i J
g @ 40 /
a (o}
© 20 ©
O o |
2 - g
@ © 20
‘qﬁ) 10 — —— rnefa§ured ) m —&— measured
individual bearing individual bearing
me.tho<.1' or e method
) gg{;ﬂ:&ca! shear o rc:‘laitr;]ir;cal shear
0 a— \ T \ \ 0 ] \ | I
0 2 4 6 8 10 0 2 4 6 8 10
Depth (m) Depth (m)
(a) Typel (b) Typell
50 — ]
i 30
~40 — =
: s |
> >
B 0 9p
8 30 S20
o Q
© hl ©
O o |
2% g
T © 10 -
‘qﬁ —4— measured m —4— measured
10 — B individual bearing B individual bearing
method B method
4 O ggtr;‘c(i)r(ijcal shear O gg&f&cal shear
0 — ‘ | ‘ | 0 L T I T \
0 2 4 6 8 10 0 2 4 6 8 10
Depth (m) Depth (m)
(¢) Typell (d) TypelV
18 2.3.3.47 SEXNXNEYN WSXXSE Hw (5 2Z 73mm)
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o] A7l 114mmel Fejd sde] o= g AF AXHe) HuE 19 23349

—170

=
Bt ¥ 23349.()01 4 Aol 1/ ¥R AelZ #A(Type [N HE7} o
= =]

=3t & ASw AgFd o] xxHe dubd o 7 Individual bearing method &
5t 23k gk ¥} Cylindrical shear method® o] Z3F 3}3kgk Alolo] A8t & 4= Ut 3
2 gde] Fo A7, dAe P met 7 b Ho R d53 AAHY 2S5 A
== 4 Z

2]

s o] A7l Wl ¥ 2.3397F 2331100 Y.

@ > e ¥

N
)

1

2]

o
|

\

10 — —4— measured —4— measured
B individual bearing = individual bearin
method " or = method ?
cylindrical shear cylindrical shear
method method

0 I \ T \ \ 0 — T I T
0 2 4 6 8 10 0 2 4 6 8 10
Depth (m) Depth (m)

(a) Typel (b) Typell

Bearing Capacity (ton)
g
Bearing Capacity (ton)

*

—4@— measured ::z;is::?bearing
= 1-:21:3;5' bearing = method
cylindrical shear

cylindrical shear
—0— msthed method

0 ] I I E—— 0 L I | I \
0 2 4 6 8 10 0 2 4 6 8 10
Depth (m) Depth (m)

(c) Typelll (d) TypelV
2 2.3.3.48. S=HXNXNED =KX dlw (5 =H 89mm)

Bearing Capacity (ton)
Bearing Capacity (ton)
S
\

- 130 -



Bearing Capacity (ton)
N
o
\

10 —4— measured
= individual bearing
rnellr:od or
b cylindrical shear
method
0 \ \ | \ \
0 2 4 6 8 10
Depth (m)
(a) Typel
50 —
—~40 —
c
[e]
£ |
2
L_) 30 —
©
Q |
©
O
20 —
£
j—
© il
] R
o 10 4 —&— measured
individual bearing
method
B lindrical sh
® g eltr;l Orlljca shear
0 \ \ | 1
0 2 4 6 8 10
Depth (m)
(c) Typelll

g 2.3.3.49. S3XX=H

60 —
c
g ./.
2
S 40
@ 40 /
(o}
)
o
(o))
£
8 20 —
m —— measured
individual bearing
. method
cylindrical shear
method
0 \ \ | \ \
0 2 4 6 8 10
Depth (m)
(b) Typell
40 o
§ 30
> |
©
8
220
@]
(=2 2
£
g
m 101 @/ —4— measured
individual beari
] —E— ebod
cylindrical shear
method
0 \ \ | 1
0 2 4 6 8 10
Depth (m)
(d) TypelV
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T 2.3.3.9. SEXIXNEW H=sXXES Hl (=5 2AH 73mm)
A1 A ¥ (ton)
- o] < 3l 7l o] Individual |Cylindrical
= A4 (mm)| 9% A4 (mm) (m) =47 bearing shear
method method
3 185 1491 14.91
45 20 19.11 19.11
Typel 400 6 182 22.47 22.47
75 27 25.83 25.83
3 18.8 21.12 14.00
Typell 400,350,30 45 23.6 36.11 19.91
0 6 26.8 45.89 24.12
73 75 32 53.44 28.33
3 165 15.34 10.65
Typell 350,300,25 45 16.7 26.55 15.68
0 6 20 33.89 18.73
75 389 39.52 22.01
3 145 10.51 7.26
TypelV 300,250,20 45 155 18.50 11.99
0 6 16 23.76 14.52
75 205 27.76 17.08
H 2.3.3.10. SN W=sXKES Hlw (5 = 89mm)
A1 A ¥ (ton)
F]-0]1 71 11
= A4 (mm)| €% A4 (mm) L}Fm%; °] 2ag Irgil:;iugal Cylindrical shear
method
method
3 19.3 14.92 14.92
45 155 19.20 19.20
Typel | 400 6 185 22.67 22.67
75 285 26.12 26.12
3 22 21.12 14.01
Typell 400,350,3 45 26 36.20 20.00
00 6 275 46.09 24.32
89 75 30 53.73 28.62
3 23 15.35 10.65
Typell 350,300,2 45 245 26.64 15.77
50 6 30.5 34.09 18.93
75 36 39.81 22.30
3 22 10.51 7.26
TypelV 300,250,2 45 14.9 18.59 12.08
00 6 29 23.96 14.72
75 32 28.05 17.37
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H 2.3.3..11. SEXNXNED WESXXAES Hlw (5 =Z 114mm)

A A1 ¥ (ton)
= 474 (mm)| 9% A74 (mm) ¢4 2] ; Il’llel.d ual Cylindrical shear
(m) Ak bearing
method

method
3 18.3 14.92 14.92
45 18.1 19.36 19.36
Typel | 400 6 23 23.06 23.06
75 23.9 26.66 26.66
3 20 21.13 14.01
Typell 400,350,3 45 22.6 36.36 20.16
00 6 32 46.48 24.71
114 75 355 54.27 29.16
3 19 15.35 10.66
Typell 350,300,2 45 20.4 26.80 15.93
50 6 24.8 34.48 19.32
75 32 40.35 22.84
3 18.6 10.52 7.27
TypelV 300,250,2 45 20.5 18.75 12.24
00 6 314 24.35 15.11
75 32.2 28.59 1791

°l

OE

A d vdo ARE =S Y3 A HA W<l Torque correlation methodol % -8 %
A A H-EA 741—’]:(1(,){— o] A A S wron Perko(2009)= = A7 73mmY
¢ A<
S 5\

il

< -1, 114mm®] 7% 19m-1& Akt 2 AFdA= 83 SAHS &3l AAS
Z AYEAS Perko(2009)7} Ate K, ks ol&ste] AAHE oS35S A7 B Ast
5] =A% dad gdeo] AAH S Torque correlation method® o = 'J A A H o7
T = 27 73mme AFE ¥ 233124, & A 114dmme] A5 ¥ 2.3.3.139
UelbWY % 2331394 = A7l 114mm<e! el 13U Perko(2009)7F A AIgH K,
=19m-15 A& o5 AAHo] ASFHH FAStH, = Aol 73mm<el A U
Perko(2009)7} A A&+ K,=28m-15 #-& A], Torque correlation method®] #|#| &g tj=F 2
vl Ax Jogsgrr st meba, & F Aol 73mmel #yA Iddd dgiEiAE F A A
114mmeoll A &3 K,=19m-1& A&t d53 AAHS ASF AAHH vt ik
2.3.3.127 ¥ 2.3.3.13°] “Recommended’®l] W|Ls}lAt}t, HFEA} AR Ho HHw
AL T A Ay, A FAEE Bolu Ao ® HMIFH| str=(1d
%), Torque correlation methodE %3dte] dEld udo] AAHLS o= uj ]
A AFE F9 AAd BAf]l 19m-1S A&k 3ol Agsitta AlsETh % 23312
I 3 233139014 HlE Perko(2009)¢] Atz “Recommended”®] Hlu Ad}E 19
2.3.350.00 LFeRpSLeh

o > B oo rlf

% Jo

2y ot

o Mo
p

d

Ammlm
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I 2.3.3.12. Torque correlation method Ol 28t XX AtA (= =A 73mm)

A A1 ¥ (ton)
measured
%A% mm)| 98 272 mm) | T oal prediied | meoswred
(m measured predicted
(Perko, (Recommended)
2009))
3 185 0.612 0.902
45 20 0.590 0.870
Type I} 400 6 182 0537 0.792
75 27 0.714 1.053
3 18.8 0.589 0.868
Typell 400,350,3 45 23.6 0.691 1.018
00 6 26.8 0.742 1.093
73 75 32 0.816 1.203
3 16.5 0.521 0.769
Typell 350,300,2 4.5 16.7 0.481 0.709
50 6 20 0.558 0.822
75 389 1.069 1.575
3 145 0.450 0.664
TypelV 300,250,2 45 155 0.457 0.674
00 6 16 0.465 0.685
75 20.5 0.559 0.824

I 2.3.3.13. Torque correlation method Ol 28t X X& AH (= A 114mm)

A A9 (ton)
measured
%A% (mm)| 2% 47 () | oL predited | Tesued
(m) measured predicted
(Perko, (Recommended)
2009))
3 18.3 0.935 0.935
45 18.1 0.843 0.843
Typel | 400 6 23 1.062 1.062
75 239 1.031 1.031
3 20 0.856 0.856
Typell 400,350,3 45 22.6 0.881 0.881
00 6 32 1.186 1.186
114 75 355 1.205 1.205
3 19 0.870 0.870
Typell 350,300,2 45 20.4 0.8%0 0.880
50 6 24.8 1.020 1.020
75 32 1.115 1.115
3 18.6 0.823 0.823
TypelV 300,250,2 45 20.5 0.863 0.863
00 6 314 1.243 1.243
7.5 32.2 1.145 1.145

- 134 -



®

114mm
= perko

50

,
(=]
<

(uoy)

_
I
A

! ,
o

o~
oede) Buuesg

I
=)

£
£
®
~

perko

= recommended

50

I
o
<

(uoy)

_
2
!

I T
[=)

o™
joede) Buueag

10 —

1.2

0.8
Torque (ton*m)

= 27 114mm
1 )

24
=

(b)
=

ni

8 2.3.3.50 XNXH-E3 A==t Al

B

o

ﬁo

NI

A7 89mmet 114dmm F+ 7HA =

=
=

ow, Z+7} 45met 6m7bA #Y

e

atieh G A

s

i
o

K 00
~
-
b N
= o
m No
T
)
w T
R
o
i~
<%

—_
fite)

el

H
[e)

A o]

% §-3)of

) O 2

1=15
=

A 3t

e sele] Ha

3l
=

541

S zve Zolvh oy 23351004 e A

/\OP

e
|

—_—

)
N

ol

)

o

fvze)

X

e
i

M2 5

-

Y 233520 YElW o o=

W

HA Al

W 5

Fed A

I3
=
)

HA Al

g4 Yol o
2.3.3.140 A
Aoz o

J|

A

oS
T

BIEEE

5

a9 233539 =A

4, A=

3]

=
T

A=
217 89mme] Al

S

=
=

ot

S

-
it

A

=
=

o, o

=
=

o] tha ol

o N
AN
< W
ofF o
MN
N —
U
=
BH
gy
g
ol
= M
O g
‘m._ﬂ e
5T
A
B
<o
o N
T o
o ™
™ )
0 T
s oF
T
o 35
OIS
— £
o 3
g =
©
-~
s E
m <
of AN
wo
ey
TR
0
SC
o oV

- 135 -



© AAFAE At

89mm, 114mm¢ 4% ZZbo] 450mm, 350mm, 200mme] A8 93-S HFste] F
A FR G HAe FASFGOH, BN 45mst 6mel A BAFAHS B3 3
s S4de AAs AT YA vt e] AAHLE Log(P)-Log(S) W e o]&3ato] 44
shgom, AY A3 2 $Q AP FA% 47 9mme] AA BA 4§ @
A zlo] 45mell A 24.8ton, 6mell A 395ton 2 A EHAT. = A7 114mme] gz 5
& #YZe] 45molA 21.0ton, 6mellAl 41.0tono & AHEA oM, Alg A FF-R9
#AE 19 23351 EAIEHAT

01 T 1T \\‘ T T 11T 1 T T 11T T T TTT

T o1 1 e -
E - E 1
& - S8 10 39.5 tor
5 ] A/24.8ton ] E ]
B 10 B - .
& 10 E ] -
100 S T T 1T \‘ T T 1T \; 100 - T 1T \\‘ T T 1T \;
1 10 100 1 10 100

Load(ton) Load(ton)
(a) Shaft diameter 89mm, penetration depth 4.5m (b) Shaft diameter 89mm, penetration depth 6m

1 T 1T \\‘ T T T 11T 1 T 1T \\‘ T T T TTT

E T E ] ]
= 4 21.0ton = 4 7
% 10 ; / ; g 10 ; ;

£ S

2 ] ° 41.0 ton ]
5 S ]
7 S ‘/ E
100 — S 100 —
1 10 100 10 100
Load(ton) Load(ton)
(c) Shaft diameter 114mm, penetration depth 4.5m (d) Shaft diameter 114mm, penetration depth 6m

2 2.3.3.51. load-settlement curve obtained from static pile load test (log-log scale)
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1 T T 11T T T 17T
T 1
g/ i 12.6 ton ] }_'E,
o 10 3 ' E @
S S
Qo ] Q@
© 1
n 2!

100 = T 1T \\‘ T T 1T \E
1 10 100
Load(ton)
(a) = A7 89mm, Y2 o] 45m
001 T T T T \\‘ T T T T 17T
E 01— 1€
13 | E
= 7 E =
3] 1 = )
(S ] S
Qo ] 1 Q
SRR 11.0 ton .
(7p] E %)
10 = T T T \\‘ T T T 177 \E
1 10 100
Load(ton)
(c) & 27 114mm, #JZ o] 45m

2% 23251 FUIFASIAE S T A
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001 T T T TT T T T T 1T
01- 3
1 3 26.0ton
. / -
10 = =
100 ; T T 1T \‘ T T 1T \;
1 10 100
Load(ton)
(b) & 27 89Imm, &zl o] 6m
001 T T T 1T \‘ T T T T TTT
0.1 ]
14
10 & T T 17T \‘ T T T \\\E
1 10 100
Load(ton)

(d = A7 114mm, #YZ o] 6m

ste-Fsk 34 (log-log scale, test 1)



0.1 T T TT1T T T 17717 0_1 T 1T T T 171 T T T 17

€ 1- 1 E 1- 1
E - £ .
g | R l 16.0 ton -
e ] S ] '
2 . 1o ] .
D 10 - @ 10-° ]
& 10 1 p 10 .
| 4.5 ton = i =
100 = T T T \\\‘ T T \\\\; 100 S T \\\\H‘ T \\\\H‘ T \\\\HE
0.1 1 10 0.1 1 10 100
Load(ton) Load(ton)
(@) & A7 89mm, ¥z e] 45m (b) & 27 89mm, # Yz o] 6m
01 T T T T \\‘ T T T T TTT 01 T T T T \\\‘ T T T T 17T
’é\ 14 b E 1 ]
£ S ]
1= il ER = il e
2 ] ]
3 110tn | & | fﬂomn -
© 10 1 ®© 10 .
S 10 ' - o 10 E
100 & T \\\\H‘ T \\\\H‘ T \\\\HE 100 & T \\\\H‘ T \\\\H‘ T \\\\HE
0.1 1 10 100 0.1 1 10 100
Load(ton) Load(ton)
() = A4 114mm, ¥#<9}zle] 45m (d) % 27 114mm, #YZo] 6m
a9 23252 FUEAIAE S T A sts-H3sF =4 (log-log scale, test 2)
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onl, o Ase 19 233569 19 233579 =AEgTh

Log(P) - Log(8) Log(P) - Log(S)

1 10 100
5 50
0.01 0.01

a1 0.1

.2ton

16.9 ton

Settlement (mm)
/

Settlement (mm)
\ -

P
N

=
=
il

i

100 100

Load (ton) Load (ton)
(b) T4F A7 73mm a) A5 A74 114mm
118 2.3.3.56. #elz mgo ofF Fot 24 (LtdE 8 400mm, 20l 3m)

Log(P) - Log(s) Log(P) - Log(s)

Settlement (mm)
|
Settlemnent (mm)

re
N

d.‘/‘//i
|
x|

100 100
Load (ton) Load (ton)

(b) == 274 73mm (a) A= 274 114mm
08 2.3.3.57. Ngte de|Z WMol 515 Aot B (Ltdd 28 400mm, 240l 3m)

A% A4ol 73mm, 114mm<! A FHd ZF
R e o A A

o
IEBE 2
331500 vhehdl vhsk 2ol 4% A7l 73mmel 4
=

S oy A A
| 217 114mmeol A
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H 2.3.3.15. LBt &iejz Mot XgtE2 delz ool XXE i

HEy 7} 3l gl Z
0% 47 Ayt WA 7 X]”’H“j;m’"ﬂ L A9 g
73mm 16.9 ton 175 ton 355 %
114mm 17.2 ton 24 ton 39.53 %

(4) Helical pile =x 225 2 w74 )4

(7} Helical pile ¥ AWk A4 A=A

A A o P wirl W Wt ogh gde] AA Y wAYSE WEE LA 7] 9
g ek 94 Al A Huk EfAle Efdstal EaAQl e RdEo] Tt AEs
e 94 4 ZE39 ABAQUS 61028 Fastyct ded gde] A xHo] A
Aoz 74 & AFE Fv UAAE 3o IXA(Fo)e dRbHQl F9o Holel Hlasto]
2% 7h=Folm, olo AR F4S estetnat ok dAH R WY ddd @A
A3 FUHAE RdYste taol wE WHeE Sd duS HysA EdYS 3 o
o] A A7E AAFAY. yAE AdRe 3D RdyS T 1y 2335837 o] wdg
stgdon, HAHT S 2D axisymmetric RRAH O R RALsIg o, o2 19 2.3.3.599)
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A5 2dANET ZARTE AJF oY AlFgsdo] Fo3ABRE AXHY EAY
FHABAE FAHste] FRAAEE AlF FHlo HUEH EAE AA A = of| A
= YA ANFFT FAFo] v HEY EHEV A5 $ELFEA] =Y x
stRom 3 AE7x Al 3dS #AYsh #3dFT 2e3 HYg EaE A4 =5
S ¥ 233220 A3}
H 2.3.3.22 ANAS0 st ez Y 848 s E3
9] 73 A R S B B A =32 A g HNEA R R ehss :
NX
cm cm ot kg/cn SC GC (t'm) A4 cm
57 X 356 7
7.32 0.508 109 3234.1 30 23 0.678 51 X 300 11
30,35,35 14
7.62 0.33 7.58 4570.0 22 24 0.813 25.30.35 16
57 X 356 11
570 X 30 14
7.62 0.635 13.93 4570 45 32 1.085 30.35.35 13
25,30,35 24
570 X 356 12
571 X 30 16
8.89 0.533 13.99 4570 55 35 1.356 30.35.35 o1
25,30,35 25
57 X 35.6 16
570 X 30 20
8.89 0.533 13.99 4570 55 46 1.763 30.35.35 77
25,30,35 34
57 X 35.6 17
571 X 30.0 22
7.62 0.635 13.93 4570 45 50 1.69 30.35.35 29
25,30,35 37
578 X 610 11
578 X 510 15
145 0.635 275 4570 128 92 542 510,610,610 19
406,510,610 25
578 X 610 13
578 X 510 17
145 0.635 20.7 4570.0 128 104 6.10 510,610,610 23
406,510,610 28
13.97 0.762 40.13 8788.4 273 125 7.18 57 X 610 15
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57 X 510 21
14.53 0.94 4570.0 199 124 7.32 510,610,610 27
406,510,610 34
14.53 1.168 49.0 4570 250 152 8.94 570 X 610 19
57 X 510 25
14.53 0.94 40.13 4570 199 150 8.81 510,610,610 32
406,510,610 42
57 X 610 23
57 X 510 31
14.53 1.168 49.0 4570 250 184 10.84 510,610,610 39
406,510,610 50
SC gk Aol A Fe] FA AP FEAE
GC: A MEARWER 34 A #283 AeA 43 A FgAA 9

BodApo e 7H4e] AgetdA 1 EA SAo] 7MY 23372 B A A|AE
N8k (1 7 (calibration) 0] E3hHE X2 Ho] m& FHEIT] AAXA AHES T3
AAEE A ZHE Ha3E JsEA sk

=2
=

FH
&)

2 & AB2cIE fet SEAAE HMAl

(7}) Harmony search algorithmS o] &3t |4 g} Aan|e] HAs AAH AA

B &A= Cylindrical shear method® A4 E Ae]zA Ao #x&
v dYZE Fde FAAS HATe AAH| LR AAEeE UHE SR
(Harmony search algorithm)S& 2 -8-3}o] 223} vy T3t e 9
7= 2009 International building code(©]d}, 2009 IBC)E #rarste] 724 3kA171 A A A
H - A Ese] F AAYe AAAS B4S ¥ 2332372332590 e

9
(o3
™
2
X
)
o o oo ¥

H 2.3.3.23. HHlots & X=&AH0 2& H=dl =X 3t
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) Shaft dia Plate dia Plate  space Depth Plate

Design Load

(cm) (cm) (cm) (cm) num Cost (won)

(Kg) [7.3  89] ?)[:.()SSJ 2[§68"1762] [ 100 850] [2-5]
3000 7.3 20.6 65.54 223.02 2 51623
7000 7.3 29.11 77.46 299.56 2 76106
11000 7.3 32.47 110.29 472.67 3 126050
11000 7.3 29.7 106.93 678.39 2 1477050
15000 7.3 33.63 120 694.72 2 156150
19000 7.3 20.3 73.1 832.21 2 164030
23000 7.3 22 79.2 840 2 167220
27000 7.3 24.99 89.98 840 2 170660
31000 7.3 27.66 99.56 840 2 174080
35000 7.3 30.08 108.28 840 2 177490
39000 7.3 32.31 116.32 840 2 180900
43000 7.3 34.4 123.83 840 2 184300
47000 7.3 31.81 1145 840 3 192450
51000 7.3 334 120.25 840 3 196270
55000 7.3 315 113.39 840 4 203850
59000 7.3 32.79 118.06 840 4 207920
63000 7.3 34.04 122.54 840 4 211990
67000 7.3 35.24 126.86 840 4 216040
71000 7.3 33.74 117.93 840 5 224900

H 2.3.3.24. HHGHE & #ASAEA(IBC 2009& =)0l 218 M= Hl = X3
) Shaft dia Plate dia Plate  space Depth Plate

Design Load Cost

(cm) (cm) (cm) (cm) num
interval !5 | interval
(Kg) 2 cases 4 cases [2 5] (won)
cm 10 cm

3000 7.3 20.32 65 230 2 52633
7000 7.3 30.48 75 300 2 78185
11000 7.3 35.56 105 500 3 138810
11000 7.3 35.56 125 660 2 152980
15000 7.3 35.56 125 710 2 162230
19000 7.3 254 35 820 2 167460
23000 7.3 25.4 90 840 2 171160
27000 7.3 30.48 105 830 2 176240
31000 7.3 30.48 95 840 2 178090
35000 7.3 35.56 125 830 2 184430
39000 7.3 35.56 125 840 2 186280
43000 7.3 35.56 125 840 2 186280
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47000 7.3 35.56 125 830 3 199870
51000 7.3 35.56 125 840 3 201720
55000 7.3 30.48 105 840 5 212110
59000 7.3 35.56 105 840 4 217150
63000 7.3 35.56 125 840 4 217150
67000 7.3 35.56 105 840 5 232590
71000 7.3 35.56 115 840 5 232590
T 2.3.3.25. HHot=s & XNSEH 2 #2SHAEAH(IBC 2009Z& X&) gt Hlw
DeSlf;g)Load A5 AR o8 A= (won) Mj?gzif?f:‘f o
3000 51623 52633
7000 76106 78185
11000 126050 138810
11000 147050 152980
15000 156150 162230
19000 164030 167460
23000 167220 171160
27000 170660 176240
31000 174080 178090
35000 177490 184430
39000 180900 186280
43000 184300 186280
47000 192450 199870
51000 196270 201720
55000 203850 212110
59000 207920 217150
63000 211990 217150
67000 216040 232590
71000 224900 232590
B oaTe Auu HAARES 9@ Ao B Ao AH A4 NS LA 3 7
% A9 AAH B WA B4R AvE U FolA FEd "ast gk B o
oA A A gASEe] BE BAe gow o
D BAs e B ded v JdeAAse] wEdde AW A5 Aud H435 3
oA A wAe] AP I AREY FRHL YUl AW Ao A4,
Aol A%, A Alole] 1A, 9 N7 w0 = AL FA F & ook
@ 2009 IBCY 1AL #Hadte] r4aste AAY Asus= 3 AAR 23] 7123 A7)
A gn AT Ann wg AgAom = gt ol: Fold sze a AU
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A9 FAYE RlFEDI B & goih, ARAE ol g @ AYH, A
Fol HRge e, s el 4 AA FAE S gokn wee
® HAA% MA@ F ALTHES WA A WMol 99 gEe] £ AU o]
NX| 7} ZFashe 7H374m, 576m)e] Aed std o] AA FAdd FFS &+ o= A}
SHY o]E F& DAl wE AmH HAS fAdAA FEAAES] WHIFT
TS ZEARE, o= Auke] S vl ojEA o], HAE HAHAA 5T 5 gl
A& A3 Fho]l == drks oA B Aqre] defjd sdo) Amu] HAHs AAVE 9
oz et g F 9o
Harmony search algorithm& ©]-&3 #4334 s 55+ 1% 23373 3 2t}
1. Initialization of an optimization problem and algorithm parameters
» Minimizing objective function
- Specification & value range of each decision variable [Chapter 2.4 & 2.5]
» Harmony memory size /AMS= 30}
» Harmony memory considering rate /HMCR = 0.8] -
« Pitch adjusting rate /PAR = 0.3]
» Termination criterion /maximum number of search = 20,0001
| |
)
2. Initialization of harmony memory(HM) P Sorted by values of
» Generation of initial hammony [solution vector] objective function f(x)
3. Improvisation of a new harmony from HM
Based on three rules
- Memory considering
= Pitch Adjusting
» Random Choosing
I Anew harmony satisfies the constraint 1 No
lemmm e condition? e i
[
'™ A new harmony is better than a stored |
1 harmony in HM ? I
e VYes 1
N .. SN [ 4 updatingoftim |
! Termination criteria satisfied ? le ]
l Yes
| Stop I No
8 2.3.3.73. €2l e &S0 et st2LIMX ghels &Mk
SH 6 SH € AMB22E Flet Als2el AEM HE

AAe] B e ofdle} zro] i dh.

Jf
)
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Individual Bearing method ¢} Cylinder Bearing method
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H 2.3.3.30. KS F 4602 &€& & XI=+=5IEX

25 KSF 4602 ASTM A 252
- 583} A 582}
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9] A BT 0 7 R AR
]o %%‘EIL il% ]’%E ﬂa ] il%
I8 GaA we, 06mm
500mm™] 2F ’
7 Bk
) 500mmel | AN S, -0.7mm
s 800mm‘1]tﬂ' +;r—]L;§ ;»(] (\?“61_%
FA 217 800mm . .
+F A S, -0.8mm 12.5%
OVE}
s | %17 800mm +FAR %S -0.8mm
16m ] 3 T, R
m 17
33 oro
4 | goommelp | 1 o) S, 1.0mm
4| o] +FA A &S, -Omm + 1in
A x%_o_i —j:lo o
% 7o) ¢l 0.1%0] 5 pEm e weer
a‘j_
g o] S0l HiE w9 _
0 - 2mme] & FAA 2
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25% °] 3}
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KS D 35669 A3k 2&(STK 400), =+ 4F(STK 490) of wp&t}.

o 2.3.3.31 stst8 =
x5 71 C Si Mn P S
STK 400 0.25°] 8} - - 0.040°] s} 0.0400] &}
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HELIX FOUNDAION ™

Helix pier Installation Observation Record

PROJECT NAME:

DATE OF INSTALLAION:
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PROJECT NUMBER:

CONTRATOR NAME

PIER NUMBER

GRID LOCATION

GROUND SURFACE

TOP OF PIER
ELEVATI | PLANNED
ON BOTTOM OF PIER
ACTUAL

BOTTOM OF PIER

REQUIRED
MINIMUM LENGTH

TOTAL LENGTH
INSTALLED

PIER LENGTH
ABOVE GROUND

PLANNED
SUPPORTING STRATUM

ATRATUM

PENETRATION

NUMBER OF HELICS

HELIX DIAMETER

SHAFT DIMENSIONS

LEAD BAR LENGTH

35FEET
NUBER OF S.0FEET
EXTENTSION 70FEET
10.0FEET
TOP EXTENSION LENGTH
ALTERED
REQUIRED
TORQUE MEASURED
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H 68 A/iEaP0)|M &ct sielutetr|s8 R

. T ATFA 7] (2009 International Building Code)ol] 2= dg]d utd o] A

1
3L
[¢}

iy
&

Ram jack foundation solutions®ll4] #JA]gF 2009'd &= International Building CodeZ
St helical pilee] A7A|7]ol oish dx A=,

b A A ARG,
A2 el B 87bsE U9

H5.1.1.1
ANz #3 ZH S
H=dHe Fx2E olFE A 0.6F, < 0.5F,
ANGEH x5 olFE A 0.6F, <0.5F,

A2 Ay, Ha FBeES 65ksi oY
ASTM-A360.% A zto] Hn 185

Ram jack 9] shaft + ASTM-A500 Grade
2 oA TS 80ksi & Frl 3 plate
2 50ksi ©]t}.

o

. Folzl ZelFel Y e AAeE
P,=0.5P,

X 5.1.2.1. Allowable axial design load Pa = 0.5Pu

Pu value

Ultimate bearing capacity using Individual Bearing Method
Ultimate capacity using torque correlations Method

Ultimate capacity determined from load test

1

2

3

4 Ultimate axial capacity of pile shaft

5 Ultimate capacity of pile shaft couplings
6

Sum of the ultimate axial capacity of helical bearing plates affixed to pile

HA AF e E 104 BAE 63Re G 3F F 4 4L gl 058 Feko] A woh
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.

Individual bearing methodol A % 3t helix plate ¢} shaft ¢ =7]

5.1.3.1. Individual bearing methodOllAl 7St helix plate @ shaft 2 3|
Plate Shaft outside Shaft inside Shaft Shaft
Diameter (cm) diameter (em) diameter (em) Thickness (e¢m) Area (cm?)
20.32 3.06 5.07 0.97 8.41
254 7.3 6.20 1.10 11.69
30.48 8.89 7.60 1.29 16.71
35.56 11.43 9.20 2.23 36.06
40.64
2009 = International Building Code © W& helix plate® 5% ¥, shaft + 4% 7], shaft

Aol A7)e) we} FE e

2}. Torque correlation method
P, =KT

o] 71 4] Pus= helical pile®] =3+ A %] & o] Kt Torque correlation factor, T+ 48 Torque

[ft-1b (m-KN)] ol i3t} o] ¥H L Individual bearing method ¢} T2 1«"&«] N7}
AAHe JFS FA Lo

H5.1.41. S&=s 2HF0 HE XNANE-E3 H=+ &8

shaft &7 2 3/8“ 2 7/8" 3 1/2¢ 4 1/2¢
K, (default) 10 9 8 7
T (ft-1b) 4,000 7,000 12,000 21,000
P, (Ib) 40,000 63,000 96,000 147,000

2. Magnum A} helical pile products

Magnum ARe] &) spd G4 A A 2 Aol i Je] 2 FREA ] uhE XA

7

B

3. oA EA S F 3 helical piled] A¥fA

ApE A2

ol ol ANkl T A e E = AAskTE el A2 obfok 2

I ) Ram Jack Foundation A}

Weight(Ib/ft) 4.430 7.00 8.67 19.0
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Outside Diameter(in) 2.375 2.875 3.500 4.500
Inside Diameter(in) 1.995 2.441 2.992 3.624
Wall Thickness, t(in) 0.190 0.217 0.254 0.438
Cross-Sectional Area, A(in?) 1.304 1.812 2.590 5.589
Yield Strength, Fy(ksi) 65.0 65.0 65.0 65.0
Tensile Strength, F,(ksi) 80.0 80.0 80.0 80.0
Moment of inertia, |(in4) 0.784 1.611 3.432 11.66
Elastic Section Modulus, S(in”) 0.660 1.121 1.961 5.183
Plastic Section Modulus, Z(in®) 0.909 1.536 2.682 7.255
Radius of Gyration, r(in) 0.775 0.923 1.151 1.445
Torsional Constant, J(in®) 1.568 3.222 6.865 23.320
Torsional Yield Moment(ft-Ib) 4,130 7,800 12.100 23.000
Torsional Plastic Moment(ft-Ib) 4.470 8,500 13.000 25.200
Default Torque Correlation

Factor, ]Q(ft_l) 10 0 8 !

Ram Jack Torque Rating(ft-Ib) 4,000 7.000 12.000 21.000
2N 22U e (ent) 82.5 174.6 353.7 917.8
EE%EU@km% 2086.7 2254.0 2102.0 2107.0
si8==(ton) 21 33 36 53

HIZD | 1ksi=6.89MPa

Ram Jack's A9 45 ASTM-A500 Grade C &
=& 65ksi(447Mpa), HAJH == 80ksi(551Mpa)E A&t} T3 2E 4 o
ASTM-A367% 374l wat Agatd daow HAddE72w7F 50KSI(344Mpa) S AH&
BEcia=g
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System Ratings & Specifications

Structura )
| Geotechnical
o , Capac Capacity
Shaft Specifications Capacity . . )
_ Maxim | ityto (Tension &
(Tension
umTor | Torqu Comp)
& Comp) e o
Desig | Outsid Ut | AT | ¢ '

n e ApproxW [ Min.Yiel | Min.Tensil | ima | owa Ratio Ultimat [ Al lowa
wall Diamet eight dStength | eStength(k | te ble (t=m) e ble
Gauge er (kg) (kg/cm2) g/cm2) (to | (to (m=1) (tons) | (tons)
(cm) (cm) ns) | ns)

0.508 | 7.315| 8.5209|3234.120 | 4359.031| 30| 15| 0.678 | 29.52 23 1
0.330 | 7.620| 5.979 | 4569.952 | 5624.556| 22 | 11 | 0.542 | 26.24 | 16 8
0.330 | 7.620| 5.979 | 4569.952 | 5624.556| 22 | 11 |0.813| 26.24 | 24 12
0.635| 7.620| 11.06 |4569.952| 5624.556| 55 | 28 | 1.085| 26.24 | 32 16
0.635| 7.620| 11.06 |4569.952| 5624.556| 55 | 28 | 1.695 | 26.24 | 50 05
0.533| 8.800| 11.06 |4569.952| 5624.556| 45 | 23 | 1.356 | 22.96 | 35 18
0.533 | 8.800| 11.06 |4569.952| 5624.556| 45 | 23 | 1.763 | 22.96 | 46 23
0.635 | 11.430 | 17.04 | 4569.952 | 5624.556 | 96 | 48 | 2.983 18669 63 31
0.635 | 11.430 | 17.04 | 4569.952 | 5624.556| 96 | 48 | 3.661 18669 77 38
0.787 | 11.430 | 20.78 | 4569.952 | 5624.556 | 122 | 61 |3.79% 18669 80 40
0.787 | 11.430 | 20.78 | 4569.952 | 5624.556 | 122 | 61 |4.339 | 1859 | g 46
0.762 | 13.970 5.0 | 8788.369 | 9491.438 | 273 | 137 | 7.186 15641 125 62
11.25 1541
0.914 | 13.970 | 29.60 | 7030.695 | 10546.043 | 270 | 135 2| % 195 98
0.635 | 14.529 | 21.80 | 4569.952 | 5624.556 | 128 | 64 | 5.423 15808 92 46
0.635 | 14.529 | 21.80 | 4569.952 | 5624.556 | 128 | 64 | 6.101 15808 104 52
0.940 | 14.529 | 31.70 | 4569.952 | 5624.556 | 199 | 100 | 7.321 15808 124 62
0.940 | 14.529 | 31.70 | 4569.952 | 5624.556 | 199 | 100 | 8.813 15808 150 75
1.168 | 14.529 | 38.72 | 4569.952 | 5624.556 | 250 | 125 | 8.948 15808 152 76
10.84 15.08
1.168 | 14.529 | 38.72 | 4569.952 | 5624.556 | 250 | 125 21 %% 184 92
11.52 10.16
0.813 | 21.920 42.6 | 2952.892 | 4077.803 | 175 | 88 % 132 66
. RREEEBAE A=
e Structual Capacity : ©HCGHst XJEHY AX|E elZ2Me SAFYW HEH0O ZEE
ESE=Ie
e Geotechnical Capacity : =Z&lst AIBH HUEIZ AlSE 220 orgr & oF
= Al KBt XX
« BEE0| B SHFY 605 BFH0% SIHoID T SCH 2F
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SAE9 HA
24 G | S | ¥EIE | Gem | emum | s=s3 )
m
(mm) (mm) (k;g/ch) (em”) (ton) (t e m) .
2875.165 73.0 4.2 4570.0 9.0 - - 7.12
2875.203 73.0 5.2 4570.0 11.0 25.0 0.75 8.70
2875.276 73.0 7.0 4570.0 14.8 36.0 1.105 11.4
3500.300 89.0 7.6 4570.0 19.5 46.0 1.80 15.3
4500.337 114.0 8.6 4570.0 28.4 69.0 3.2 22.3
6625 .280 168.0 7.0 4570.0 36.0 100.0 5.58 27.8
8625.250 219.0 6.0 4570.0 42.5 150.0 8.3 31.5
IV) MacLean Dixie HfsA}
E4F9 A
=24 oy | ey | g=zaz | ©@E | @K | g=£3 v/
m
(mm) (mm) ( Mpa) (em®) (ton) (t » m) .
73.0 5.10 343 10.88 27.0 1.036 8.54
73.0 7.01 343 14.51 32.4 1.244 11.41
88.9 5.5 343 14.38 36.0 1.576 11.31
88.9 7.62 343 19.43 47.3 2.073 15.27
114.3 6.02 343 19.80 54.0 2.765 16.07
114.3 8.56 343 28.4 70.2 3.59 22.32
219.0 4.80 343 41.90 90.0 6.152 24.99

V) ZF 3AF A AAREA S H L

M
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MagnumA} Ram JackA} chanceA} Mac LeanA}

18 4570 8.41 2.135 25 4570 11.0 2.01 27 | 3440 10.88 1.38

4570 7.55 1.437 28 4570 11.69 1.90 36 4570 14.8 1.879 33 | 3440 14.51 1.513

4570 13.92 1.272 44 4570 16.7 1.734 46 4570 19.5 1.937 36 | 3440 14.38 1.37

4570 13.92 1.390 67 4570 36.0 2.455 69 4570 28.4 1.881 47 | 3440 19.43 1.42

4570 21.52 1.277 100 4570 36.0 1.645 54 | 3440 19.8 1.241
4570 26.29 1.320 150 4570 42.5 1.295 | 70.2| 3440 28.4 1.39
4570 27.7 1.217 90 | 3440 41.9 1.602

4570 40.1 1.222

4570 49.0 1.217

=t | 4570 1.294 2.056 1.775 1.42
= 2 =
e Q=28 XX (kg/ecm”), (FSXNBE GCOl et 2HE)
_ = 2
5 5 |[* 07 gast=2s (kg/ecm?)
e A=Za= o (em?)
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