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ABSTRACT

The helical pile is a manufactured steel pile consisting of one or more helix-shaped bearing plates affixed to a central shaft. This pile
is installed by rotating the shaft into the ground to support structural loads. Advantages of the helical pile are no need for boring or grout
process, and ability to install a pile foundation with relatively light devices. In this study, an optimized design method for helical piles
is proposed to minimize the material cost with consideration of the load bearing capacity obtained by the cylindrical shear method. The
harmony search meta-heuristic algorithm was adopted for optimization process. The optimized design was verified by comparing with
the 2009 International building code. It is noted that the optimization for the configuration of helical piles along with material cost
proves to be an out-performed tool in designing helical pile foundation with economic feasibility.
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Fig. 1. Bearing Capacity of Helical Pile
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Cylindrical shear method& &g Z|X& 2] 2of] 7<)
HPRTE WA 3 A ES stk 3 HA
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olle Y FA o) Al A B4 Al 4%
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A
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Z70 2 HAi #)Zlo)(Minimum embedment)

Table 1. Torque Correlation Conformance Criteria (Modified from CC-ES, 2007)

Criteria

Round shaft with outside diameters between 73mm and 89mm

Helical plate diameters between 203mm and 356mm

Helical plates spaced along the shaft between 2.4 to 3.6 times the helix diameter
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Table 2. Minimum Helical Anchor Embedment (Ghaly and Hanna,
1992)

Soil condition Normalized Embedment Depth (77/ D)

Fine-grain 5
Coarse-grain (loose) 7
Coarse-grain (medium) 9

Coarse-grain (dense) 11

Om B 0 10 20 30 40 50
0.7m-—T~777 -
L ]
_ * N
L ]
5 m, ] ) * ) | 7
— L 3 !
L]
— L 3
10m |
|
12m —r=---- 25y~ [N s R B R R
] < 1+ N A
15m 7y

Fig. 2. Soil Profile (N Value) in Test Bed
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12m77]-7<] E3lE, I o)F R F3Ioko 7 AJo] glom Aukx
- Fig. 2¢]] VERCE £ m@ﬂ%ﬂb Ak} EAA] 5 Al
w}c Nx)o] W3jek 7o) whedstsik.

F7HQ) JFrE o] AxIFTHE 176 t/m’, A5
SIE AEAA Im, A #] Zol= A 8.4m=E 23Sk
ol A AF e nfe} o] FlF Fgo] AFHEARE T FAJE o]
ArhaL 7] AR APt Fae aeskA] fsko,
Eq. 8)°ll AN 2] F(t)S 1.lem, UAIE 9] S|, 2
22cm 2 FYsH FABHATE

2.5 2009 Intemational Building CodeE £t 11215}
SHUA A daLEjES o]-8ate] AFelx iAskE 7l
uje} defd sde] st GAIE Falesick P wd AS
20093 International Building Code(°]3}, 2009 IBC)S Eﬂ-%—o}
ATk 2009 IBCoY| mgAJ=]o] = efd il 2del gk 14s
Table 3¢ FEjstick UXIE dghe] 27L& 20.32cm, 25.40cm,
30.48cm, 35.56cm, 40.64cm= % 57p4] 2R T,
9] AAL 6.03cm, 7.30cm, 8.89cm, 11.43cm=E £ 47/HA=E BF
ek 2009 IBCE Fz=sto] 1rasiet defd oid A2 712 elx
WAIE deke] ()= 2.2emE dkglon), o] ()=
Table 33} o] o] Aol wl} 74 b7 A-8-83ick
B =Rollxle At nlel 2ol e A AS Al
wlodalr] $Jate] 2.3 80A AXEF Aok stk o
% Table 1] Az w2} YAE °JJ4—«] Z74-& 20.32¢m,
25.40cm, 30.48cm, 35.56cme} o] & 471R] 7S 1EEke
n, o] ZAL 7.30cme} 8.89cmol| thejAvt efsteich

E

3. OI2LIMX] 2112IES 0180t 210t &)

nko.
oo

HElFE|2E daElaEe AIedS skl 5514
& garElEs A/dgt) JivlERsk YarelE(Ant Colony Opti-
mization, ACO)2 7jr]E0] HolE $Hleh= AP 25 Fopr}

Table 3. Helical Pile Standard According to 2009 International Building Code

Plate Diameter (cm) Shaft outside Diameter (cm) | Shaft inside Diameter (cm) Shaft Thickness (cm) Shaft Area (cm?)
20.32 6.03 5.07 0.48 8.41
25.4 7.30 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
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1. Initialization 2. Initialization of harmony memory

w» M ¢
=  Algorithm parameters . | ——F—F—F— !
HMS

HMCR ‘ !
PAR
Mayx iteration | |

Harmony rank

- Optimization problem : f(x)

4

3. Improvisation of a new harmony

4. Updating of HM

Harmony memory

Penatly

do re do mi | Excellent !!

do mi re do | | Good !

.
sol do do fa : Fair ...

| 3 )

I 5. Stop at the termination criteria I

Fig. 3. Conceptual Diagram of Harmony Search Algorithm

= S s weeirlon, Ay A3 daEls

(Particle Swarm Optimization, PSO)& ZAjEo] o] &3l

Table 4. Parameters Adopted in HS Algorithm

Parameters in HS algorithm

FEIE Al delS Blete] AR darglFolth £ ATeA HMS (Harmony memory size) 30
283k xR darelge SRl sy =, Zhzte] S290] Max iteration 20000
Z31E o] Fo] A9 355 vEoUlE S B 53} HMCR (Harmony memory considering rate) 0.8
darefgoleiar & ¢ Itk kU] gaElee e daelE PAR (Pitch adjusting rate) 0.3

ol o] Sekae) miRago] WashA) sk, zizle] Wl

Z¥= 8 =, 3F2Y(Harmony) 3& 3}y wRg](Harmony

* HMCR (Harmony memory considering rate ) : Harmony
memory2] 7|o=

* PAR (Pitch adjusting rate) : H¥ ZAHE

Y S =53 o] AN diner AjEHe vy
%, HIZHEPAR)S HHe] a7} =4 = (Local optimum)©]
ohd A4 HZ(Global optimum)o 2 T2 3 = JEE s)Fm,
W 28}~(Penalty function)= Aok A3l 3=y 3o
THE APgslE] 83 AEks A Erk kMR garElE

o] 24§k =S Fig. 39 ek

Cylindrical shear methodE #-&-3lo] 2AFA3193S wf 48R
He 81 & 5 e defE o ) uig HHst AAE
ARy} 2,370 AR Alekzdel] w2t Eq.
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BhaUAR] o] Aol AR w7 4714 o] Aelx Age viPiiF FES Table 4o gefatsirt.
2 Beg oue) 2k dz)A wjele] 247 HYe Table 40l AAE vfHsES
SRR dalglas St Ae] 2/3A|(Fig. 2)& AEHs

* HMS (Harmony memory size) : Harmony memoryol}4]
SlEle] 4

e Maximum iteration : ERA
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D'lv]“r

daEs FEA
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2 F7helan, AA A Dad Ax1e 1ejste] Cylindrical
shear method 2 2Fgh X|x|go] z|Agke] A ARS=HAEH]) S
2 RS deEld ] 4 9 IRIKIEE Agshes Aleltk
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¢

3.2 SIZLIMX| 12|15 SET

£ =l e shurA] darelss 59 HHist s
Fig. 4o AeJsigion, 7t 223} DA vhaat o] S =
TSI

o 1eH: HHs} 2o darElge] WrEs 2718t ol WA

BAGE [, ® AHHE], 318004 WA A 2

stRuX A dargfge] WS AR
« 2¢HA: &%y wXe)(Harmony memory)e] 27]3} ¢

3.1800 A WAJE HMS(Harmony memory size)THg Qo2
=3 W EE A= dAlolth

o 3Tl AR 3 ye] Ak=(Improvisation) THA|

1A oA AAg mi7iE 5 HMCR, PARS 283}
N2 FEUE 53 sMEIE ©E3shs WAloth o] Zgeilx
FolXl AekxdE wkdakA] P o tisiAe W
(Penalty function)7} 5712 2-8-¥]o] AFE= o]= 4hA oA
] Well 91E A A7 FAolA EjsiAl 485k
oJ7)4 HH3H(Penalty function)s= dara|Zox] A8k )<k
2205 SRt slE] gkl sMEIE Fop s ol B3t
e FR] #HAe] e EEshe FHS)N Hol A sl=

) BAg Tt 94E o,

o 47H): slRy v Xgj(Harmony memory)d] 7J4 ¢

3o A =2 SRS sk HRLee] 23tste]
SRl Aepl <s1tE A 2R WAlolk o] & AlEAl
7 sMElE E3tele] i vine] 5 7R o] w2 s
= iAok

1. Initialization of an optimization problem and algorithm parameters

+ Minimizing objective function /fix)= eq. 7]

+ Harmony memory size /HMS= 30]
+ Harmony memory considering rate /HMCR = 8]
+ Pitch adjusting rate [PAR = 0.3/

+ Specification & value range of each decision variable [Chapters 24 and 2.5]

« Termination criterion fmaximum number of search = 20000]

Uniform random
number

+
2. Initialization of harmony memory(HM) PR Sorted by values of
+ Generation of initial harmony [solution vector] objective function f(x)
HMCR, PAR o
3. Improvisation of a new harmony from HM
Based on three rules
+ Memory considering
+ Pitch Adjusting
+ Random Choosing
A new harmony satisfies the constraint No
condition? [Chapters 21and 23]
l‘r’es Penalty function
A new harmony is better than a stored "
harmonyin HM ?
Yes ¥
] no | 4 Updatingof HM |
i Termination criteria satisfied ? i= |
l Yes
| o | No

Fig. 4. Optimization flow Chart of Harmony Search Algorithm
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SHEUAMA] dalelEe o817t W whd
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318004 WIS ol w3145 Max. iteration) THE 3~42]
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A BAET A8AAE vk stk @ 2kl
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Table 5. HSA Output Without Input Data Normalization

L R ENIEE

A7l iRt A

7¥4, BR4zd0), WPIE o] TR F S7HA]
ko] 28, WWIE et
e Eﬂxﬂ,%}_ﬁ(Table DellA] B8 A 2 A7
B gol= Ao ZRE 84m 74|, UAHE Qute] s
= 15702 2 H9E AREITE dERIRES %ﬁﬁ}o}ﬂ gL
HAs} AAS 4308+ A= Table 5o VRN, BlFSe] 271
2009 IBC 7245 3xste] H#stst A3= Table 60f VERATE
7t 3% 2 303)9] REES|AlE AAsl e, 1 5 7P #4s)
H 3, I o2 A71E ZIE Tables 5 and 69 27}

j{g
)
o,
i
é
ol
4o

efaloih
Qepsre s} 717 9 A AL Eal)e] 2l
Hes ax@m EEEER } 27EE AXE 2710 ne
FRIASe) WIS D 5 oIk Sl AL A|xhe] Z1eh
Agiglo] 73eme elstels e LRI Beldol: o
s AEo] Z71stel wel Ao 2 Z71890R, 3tonol

Design Load Shaft dia (cm) Plate dia (cm) Plate space (cm) Depth (cm) Plate num Cost (won)

(Kg) [7.3 8.9] [20.3 35.56] [48.72 236.16] [0 820] [1-5]

4000 7.30 27.80 68.98 212.32 1 48065
6000 7.30 33.02 84.70 238.78 1 56839
8000 7.30 32.75 87.17 328.95 2 85748
10000 7.30 33.69 121.28 498.68 2 118670
12000 7.30 35.08 109.08 488.14 3 133410
14000 7.30 3343 84.44 731.44 1 148310
16000 7.30 34.39 120.84 752.34 1 152970
18000 7.30 34.29 116.53 785.89 1 159100
20000 7.30 32.11 94.09 814.31 1 162590
22000 7.30 34.54 85.06 812.78 1 164290
24000 7.30 33.36 95.84 827.44 1 166020
26000 7.30 33.98 94.56 833.28 1 167610
28000 7.30 29.74 107.08 837.61 2 175260
30000 7.30 31.52 113.48 834.55 2 177360
32000 7.30 31.92 114.64 840.00 2 178980
34000 7.30 33.10 119.16 840.00 2 180860
36000 7.30 34.26 122.95 840.00 2 182770
38000 7.30 33.17 119.42 840.00 3 193760
40000 7.30 34.19 123.09 840.00 3 196270
42000 7.30 35.21 126.07 840.00 3 198860
44000 7.30 34.70 12491 840.00 4 211590
45000 7.30 35.17 126.30 840.00 4 213190
46000 7.55 35.56 128.02 840.00 4 220660
47000 7.30 35.44 115.41 840.00 5 228800
48000 8.90 35.38 122.24 840.00 5 952860000
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Table 6. HSA Output with Input Data Normalization According to 2009 IBC

Design Load Shaft dia (cm) Plate dia (cm) Plate space (cm) Depth (cm) Plate num Cost
(Kg) 2 cases 4 cases interval : 5 cm interval : 10 cm [1-5] (won)
4000 7.30 30.48 95.00 220.00 1 51393
6000 7.30 30.48 105.00 260.00 1 62889
8000 7.30 35.56 115.00 290.00 1 68439
10000 7.30 35.56 125.00 470.00 2 116530
12000 7.30 35.56 105.00 490.00 3 135010
14000 7.30 35.56 115.00 710.00 1 146140
16000 7.30 35.56 95.00 740.00 1 151690
18000 7.30 35.56 105.00 780.00 1 159090
20000 7.30 30.48 95.00 830.00 1 164250
22000 7.30 35.56 105.00 810.00 1 164640
24000 7.30 35.56 95.00 820.00 1 166490
26000 7.30 35.56 102.00 830.00 1 168340
28000 7.30 35.56 125.00 840.00 1 170190
30000 7.30 35.56 125.00 820.00 2 181280
32000 7.30 35.56 125.00 820.00 2 181280
34000 7.30 35.56 125.00 830.00 2 183130
36000 7.30 35.56 125.00 840.00 2 184980
38000 7.30 35.56 125.00 840.00 2 184980
40000 7.30 35.56 115.00 840.00 3 199770
42000 7.30 35.56 125.00 840.00 3 199770
44000 7.30 35.56 125.00 840.00 4 214550
45000 7.30 35.56 125.00 840.00 4 214550
46000 7.30 35.56 105.00 840.00 5 229340
47000 7.30 35.56 115.00 840.00 5 229340
48000 7.30 35.56 125.00 840.00 5 1374100000
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