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ABSTRACT

In this study, to investigate the effect of the stress reduction of group piles by dynamic loading, a dynamic p-y curve was established and
the dynamic p-multiplier was calculated. Dynamic numerical analysis was performed by input sinusoidal waves to the bottom of the
pile - ground system for 2 x 2 group pile, single pile and 5 x 5 group pile, single pile in dry sandy soil, and the pile spacing was changed
to 2.5 and 5.0 times of the pile diameter. By establishing and comparing the dynamic p-y curves of the single pile and group piles, the
dynamic group pile effect of the piles according to the pile center spacing and row position of the group pile piles is analyzed. 5 x 5
showed symmetry of the dynamic P-multiplier value around the pile origin coordinate. The dynamic p-multiplier value at the single
pile, 5x5 pile (pile spacing: 2.5D) is 0.26 ~ 0.30 at the pile number 3, pile number 23, 0.14 pile number 13, and 0.14 ~ 0.38 at the pile
number 5, pile number 18. These values differed from the static p-multiplier, especially due to the different loading conditions. The
dynamic p-multiplier (Pam) estimation through various types of input dynamic loads is expected to be used for dynamic design and
analysis of group pile-ground systems of civil foundation structures.
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Fig. 1. Behavior of Pile and Soil Interaction
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U'OD
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*k, =initial tangent subgrade modulus, p,=ultimate soil resistance, y,=deflection, z=depth, D=pile diameter, o’,=mean principal effective stress,

H=depth(inch), v=Poisson’s ratio, p,=soil density, ¥, =velocity of p-wave, V=velocity of s-wave, y =elastic component, y’=plastic component, 3’

=gap component, p,=dynamic value of p,
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p,=static value of p, w= angular frequency , «, S=constant.
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Table 2. P-multiplier (Journal of Korean Geotechnical Society, 2009)

Soil Pile p-multiplier E . |
oi xperimenta
st nd rd
Reacher | Array condition cent.er 1 2 3 condition

Spacing | row | row | row
2x2 2.5D |0.86| - |0.45
teong | 22| | 50D [095] - |067) iy door
etal. | 2x2 | 2 | 75D [1.00] - [0.83] model
(dense) X
(2003) | 3x3 2.5D |0.80]0.30|0.40 | experiment
3x3 5.0D [0.93]0.48|0.60
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Table 3. Material Parameters Used for Numerical Analysis (Kim et

al,, 2002)
Material E (MPa) v v (KN/m®) Model
Sand 58 0.30 16.6
Stiff sand 107.5 0.3 17.0 LE
Pile 37,000 0.25 27.2

* L.E; linear elastic model

Table 4. Input Condition of Numerical Analysis (Kim et al., 2002)

Overburden load (N)
5.0,10,15,20 980

Input acceleration (g)
0.1,0.2,0.3,0.4

Input frequency (Hz)

Fig. 6. Dynamic Surface Loading
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Table 5. Test and Analysis Result

f=5Hz f=15Hz f=20Hz
a=0.3g - - - Comp.
Test Analysis Test Analysis Test Analysis
P (kN/m) 1.23 1.00 -2.90 -2.70 3.33 3.51
Ap 0.23 0.20 0.18 7=-0.65m
v (mm) 123 123 67 | 67 23 | 23

*g=gravitational acceleration (1g=9.8m/s”)
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2ol WA AZ py=adel] o3 e s o APHoR Lol
Apt Elojof gict. gfuishd 2 oA SAANMEkse] 719
Az A= ARAREo] Al d5E Ak el
W% 1o we} theEd) Yepdt o]l $ARME: 913 54
el A ThEERe] ks AP (Pe, Peo) T QPG AEATR
(P, Pw) 12T o]0 thgh= ] AMARE(P,, P,
Py, P)ol ke 45 Ask 54 p-55(Pam) 95 AlSE 54
P55 (Pan), V& A3t &2 p-o(Pans), W AlS} 54 p-o
(Pama)& 778} AlRFstelof Fi(Egs. (6) and (7). ofuf Altte]
AR SRy v )= HUS1S] 50% 0] S A
F4k

qu =P

esl X Pdml (63)
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Pg2:Pcs2><Pdm2 (6b)
Pg3 = PLsS X Pdm?) (7a)
Pg/l = PLs/l X Pdm/l (7b)

A7IM, P& TER] YSASA AP, Py
USAIBIA] AAGE, Py adEe] QgAISIA] AukAaE,
P& TEE0] QA AR Es ofw|git.

ARE el thgk 138 Figs. 10(a) and 10(b)e]™ Fig. 10(c)
v & 2”eA] L Ao} HESHA HeolR] o} W 1HA ]
gejst 49 T w5 gigh p-y=rie] HlalE ko] Fhp,
y)9] ZpelE el Aotk Fig. 10(d)y= SAAEE A%} -3m=
slo] 54 pyIals AT} whiselA A 2Rk wk Al
A F7RIGES & 7 vk 285, T p-a AdE B,
1<(PN.1, PN.2), 2&(PN.3, PN.4)2] zko] (7 |re Hse
W25 JeRiE y)tiRS Bk o) Ase] Agh(Park
et al.,, 2017)3 = AA]ah= Aoltk

UEo] IHel| e B4 p-o ahs AR B sEAlEHA
2 p-55(Pam) ] A 2.5DAE (0.11~0.13) 5.0DoA =
(0.21~0.25) 0.8 Z7V5h= e Bk At 54 p-5
(Pan)2] 7350 2.5D041(0.10~0.17), 5.0DSHA= (0.19~0.22)
2 7RI ARAo s U] TRk wsl w) 2x2




Table 6. Dynamic P-multiplier (2 by 2+ Single Pile) Calculation Procedure

PN. | pesl | pcs2 | pts3 | pts4 Ye Vi Pgl Pg2 Pg3 Pg4 pdml | pdm2 pdmpdm3 odmd Spacing
PN.1 |50.00| -3000 |-58.00 [40.00| 0.45 0.30 8.00 | -8.00 | -8.00 | 8.00 0.16 | 0.27 0.14 0.20
PN.2 |50.00| -3000 |-58.00 [40.00| 0.45 0.30 8.00 | -8.00 | -8.00 | 8.00 0.16 | 0.27 0.14 0.20 2BY2
PN.3 |46.94| -34.27 | -56.87 |32.18| 0.45 0.30 8.10 | -4.10 | -8.60 | 6.90 0.17 | 0.12 0.15 0.21 2.5D
PN.4 |46.94| -34.27 | -56.87 |32.18 | 0.45 0.30 8.10 | -4.10 | -8.60 | 6.90 0.17 | 0.12 0.15 0.21
PN.1 |43.60| -14.04 |-53.25(33.20| 0.53 | -035 | 9.20 | -1.00 | -10.20 | 4.30 0.21 0.07 0.19 0.13
PN.2 |43.60| -14.04 | -53.25|33.20| 0.53 | -0.35 | 9.20 | -1.00 | -10.20 | 4.30 0.21 0.07 0.19 0.13 2BY2
PN.3 |44.00 | -14.04 | -53.25| 332 | 0.53 | -0.50 | 109 | -3.70 | -11.80 | 7.80 025 | 0.26 0.22 0.23 5.0D
PN.4 |44.00| -14.04 | -53.25| 332 | 0.53 | -0.50 | 109 | -3.70 | -11.80 | 7.80 025 | 0.26 0.22 0.23
Table 7. Dynamic P-multiplier (2 by 2 + Single Pile)
Dynamic p-multiplier
Spacing 1’st row 2’nd row ye (mm)
DPimi DPim2 Pims3 DPim4 DBima DBim2 DBims DPim4
2.5D 0.16 0.27 0.14 0.20 0.17 0.12 0.15 0.21 0.45
5.0D 0.21 0.07 0.19 0.13 0.25 0.26 0.22 0.23 0.53
(2.5D), single pilee] 52 52|40l 4 p-5@Pam)©] Gk B, ABANE 52 -2 (Pans 2 Pune)i BHAS]
Pami (0.11~0.13), Pars (0.10~0.17), 2x2 (5.0D), Single Pilesi|#] 7S BATE ool Ulgel gk Alkkrdst 1 Zagks Aels)

= 54 p5T
2PgE0] &4 p-o5 7k (Pam)©] 33~47.8%
o]
Ageo] Flste] B2 p-5

e

/ 2nd roys .nth
Vst row /

3'rd row

ueavessn 1m0 st 1

5’th row

5x5 group.

2018.03-16

Sbybrsingle for
PLAXIS 25’”5"99 rpdmn
n3

(a) Numerical Analysis 5x5, Single Pile

]\_. ‘j]_\:l:
SRS A 38 S Bdfe] s Qls) Akt
7} kot Wk R ATe

227 Pam)®] Pamt (0.21~0.25), Pyns (0.19~0.22)0. %

™ Tables 6 and 7o YERt nle} 2ok

4.2 5%5, Single Pile s{AdZdn}

C-?LU]-:H_(SXS) THEEe] B4 B3]

p(kN/m)

A A] Ak Bl

#40)

5x5,single 2.5d pn.23
200

—e— SbyS+single pn.23
—e—pnsingle

-200
y(mm)

(b) PN. 3, Single Pile, PN. 23, Single Pile

5x5,single 2.5d pn. 18
200

p(kN/m)

—e— sbyS+single pn. 18
—e—pnsingle

-200
y(mm)

(c) PN .8, Single Pile, PN. 18, Single Pile

Fig. 11. Dynamic Analysis and P-multiplier Calculation
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p(kN/m)

—8—5byS+single(2.5d) pul3
pu single

=200
y(mm)

(d) PN. 13, Single Pile
[ |

e s ez

P —

Oetormed mesh ul (caled i 300 tmes)
Masicruem vave = 1911710 m o Node 20123)

Sby5+single@speing=5d 2018-03-22
PLAXIS = T

(f) Deformed Mesh After a Dynamic Analysis (5x5, Single:5D)

5x%5 single 5.0d pn.§
200

p(kN/m)

=@—5byS +single 5.0d pn-8
£ —8—pn.single
y(mm)

(h) PN. 8, Single pile, PN.18, Single Pile

PLAXIS |aw=:es — ooz
(e) Deformed Mesh After a Dynamic Analysis

5x5 , single 5.0d pn-3
200

p(kN/m)

—e—5by5 +single 5.0d pn-3
-200 —e—pnasingle
y(mm)

(g) PN. 3, Single Pile, PN. 23, Single Pile

5x5 single 5.0d pn-13
200

PEN/m)

=#—5by5 +single 5.0d pn-13
—&—pn single

-200
y(mm)

(i) PN. 13, Single Pile

Fig. 11. Dynamic Analysis and P-multiplier Calculation (Continued)

Z20E 3170 2} gom] e Agke: BEx updg] aAA
A ol B1s AERI O s s A Ak
ko] wkEA) 7FA(2.5D/5.0D; D="2%59] 217=0.4m), &
7R 0.3g, s SHzo|W p-y=rade] At A2 At
0.52meo]ck 53 FxJi4le] A= Figs. 11(a) and 11(H%}
o 7h gof wE} whuse] T py F41S vl T
P75 AT (Tables 8 and 9). 34j2] T ds2 3E(PN.
3, PN.8, PN.13, PN. 18, PN. 23)2x] 4] @5 257) 2zt
el 2 py=ids APl B 7} el 7R 2 p (RANEAR
TS Uehlie S4 G831 Zlo = etk old He
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Hste] 38 7IEo R SAS FAsal TR p-y=ile]
HIE §3te] 4 p-55 APtk

B porE ARgS A, oF o) wIE(2x2), ] FjA
Aol L 54 p-sTakel SHy)HH o= PN. 33 PN.
23, PN. 837} PN. 180] A3 Ax5l= 2HE HYoh

Fig. 11(a) w259 U457 244S 2.5D (1.0m)=E 1]
SHlAA] HERAE 9w (mesh) 8] B S HEE wA]
E R Ao|H Figs. 11(b), 11(c) and 11(d)E sH2a7=
HlEko 2 33A) SB(PN.23, PN.18, PN.13)o] thale] whasss} 3
pyZaE Ve Zo R olE 53l T4 p-sE AHgElth



Table 8. Dynamic P-multiplier (5 by 5+ Single Pile) Calculation Procedure

Pdm .
PN. Pest Pes2 Pis3 Prsa Ye Yt Py Py Py Py Pamt | Pamz | Pams | Pama Spacing

PN3 | 116.00 | -79.60 | 116.00 | 77.50 | 1.06 | -0.80 | 3530 | -27.90 | -43.80 | 19.80 | 0.30 | 0.35 | 0.38 | 0.26

PN.8 | 121.18 | -74.80 |-121.70| 73.32 1.07 | -0.75 | 1690 | -5.10 | -17.10 | 11.10 | 0.14 | 0.07 | 0.14 | 0.15

PN.13 | 118.50 | -74.80 |-121.00 | 138.00 | 1.30 | -0.16 590 | -3.90 | -420 | 10.30 | 0.05 | 0.05 | 0.03 | 0.07 SZBSYDS
PN.I8 | 121.18 | -74.80 |-121.70 | 73.32 1.07 | -0.75 | 1690 | -5.10 | -17.10 | 11.10 | 0.14 | 0.07 | 0.14 | 0.15 .
PN.23 | 116.00 | -79.60 | 116.00 | 77.50 | 1.06 | -0.80 | 35.30 | -27.90 | -43.80 | 19.80 | 0.30 | 0.35 | 0.38 | 0.26

PN3 | 12222 |-125.68 |-110.00 | 122.46 | 0.40 | -0.36 | 38.00 | -31.50 | -4530 | 29.50 | 0.31 | 0.25 | 0.41 | 0.24

PN.8 | 100.00 |-110.12 [-125.50 | 89.92 | 040 | -036 | -31.50 | -8.90 | -1825 | 6.50 | 0.15 | 0.08 | 0.15 | 0.07

PN.13 | 119.33 |-100.00 | -124.00 | 85.00 | 0.40 | -0.36 | -1825 | -040 | -2.60 | 2.60 | 0.03 | 0.00 | 0.02 | 0.03 SSBS]{DS
PN.18 | 100.00 |-110.12|-125.50 | 89.92 | 0.40 | -0.36 | -2.60 | -8.90 |-1825 | 6.50 | 0.15 | 0.08 | 0.15 | 0.07 .
PN.23 | 12222 |-125.68 |-110.00 | 122.46 | 0.40 | -0.36 | 38.00 | -31.50 | -45.30 | 29.50 | 0.31 | 0.25 | 0.41 | 0.24

Table 9. Dynamic P-multiplier (5 by 5 + Single Pile)
Dynamic p-multiplier
Ye (mm)

Spacing PN.3 PN.8

PN.13

PN.18 PN.23

Pim1 | Pam2 | Pam3 | Pama | Pam1 | Pam2 | Pam3 | Pama | Pam1 | Pam2 | Pam3 | Pama | Pam1 | Pam2 | Pam3 | Pama | Pam1 | Pam2 | Pams | Pama

25D |0.300.35(0.38(0.26|0.14|0.07 | 0.14 | 0.15 | 0.05 | 0.05

0.03 10.07 | 0.14 | 0.07 | 0.14 | 0.15] 0.30 | 0.35 | 0.38 | 0.26 | 1.30

50D |0.31]0.25|0.41]0.240.15{0.08|0.15(0.07|0.03 | 0.00

0.0210.03|0.15/0.080.15{0.07]| 031 025|041 |0.24 | 0.40

Fig. 11(f)= vd5<] 2531 1H4S 5.0D 2.0m)= o] 53
|24 BE A= SAS HEE WAIE YERT Figs. 10
10(g), 10(h) and 10()= N4 8712 ulgte 2 3HA 3P(PN.3,
PN.8, PN.13)0]] tse] ehdssrt 3] py=idS veRiRiaL of7]
NN FHp-sTE AXFsTh

Ao 7 wEe] FAREA 9] wistel] whe} 5%5 (2.5D), Single
pile®] 54 A= 54 p-5T 8 Pan)®] Pam (0.05~0.30),
Pams (0.03~0.38), 5%5 (5.0D), Single Piled|XE 52 p-55-3k
(Pam)©] Pam1 (0.03~0.31), Pyy3 (0.02~0.41)2.2 A o] 54
P58 Panm)©] 0.4% 7Ha D 32~7.3% Z718I5ITk &, wise
SAGolM= 3] ABIA(-04%), L o]€]e] Holxd= tha
71 Ao Yt B3k e USSR Yehs
Bt G o AR (p)] #hol ] S BT,
54 p-oRES 2x2, singled MR TRz 38 F32] 7ol

w2 zke] 7P vk ZA VR

n
1}
rHu

¥ Q7O 3249 A8 Z2IRPLAXIS 3D)E olg
0] wE Yo A% ol 4 py AL

55, single pilee] 51 BIdNe] B2 AESES Flak 2zt
W] 54 py FAG AR 71E AH py A
T psdTIES 01831 291 B priPanS ARSI
et pe ARG EE:

(1) 3x3 58 SRS B3l Wad) A3 vlus F3t 54
PRl BF s ASsislion £ siielMe o st
Z7REE A50luR|e] SR Slsle] 59 py 419 71
77F ¥k & 5 ik

(2) 2x2 (2.5D), single pile®] &2} FXJeiAelA W5 FAREA
o] Wistol] wel 52 p-55Pam)©] Pam (0.11~0.13), Pams
(0.10~0.17), 2x2 (5.0D), Single Piled|A & B4 p-55=

(Pdm)©] Pami (0.21~0.25), Pams (0.19~0.22) 0.2 2Fg 5o

EA p-2 i (Pam)©] 33~47.8% Z7/F8ITE 5x5 (2.5d),

single®] &2 FABI o= F2 p-5 Tk (Pam) 0] EEH

33 (0.30), WS (0.14), LEAF13 (0.05), BEHT18

(0.14), =523 (0.30) 02 A=A 5%5 (5.0d), single

o] &8 FAREIME T2 p-5 Tk (Pan)©] EEHHE3

(0.31), LEMFR (0.25), TEHFI13 (0.00), AT

(0.25), E=1523 (0.31), p-555HPans)0] EEHIS3 (0.41),

TEEN S8 (0.15), TEHS13 (0.02), PEHEIS (0.15), T

=323 (0.41)0.2 A=k
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(3) P A= v|ws)] B 2x29] P,=0.45~0.860] £
A7 AR Pin=0.10~0.1724] F 2jolE ek Wit 4]
Ay €] e d3olzhe 583 54 slexdd
(8}, 54T she] go))elMe] SHAEAN o= Aol
2 AR ot 7] A poai(Pr)e] oS 28310
52 p-T(Pan) & AL AP FES T4 S
W] 2aESe] TaloR 2 7lskerd ti o] vehds
FRIsiet 2ejan, S SRR 1F §F py=iS
TR} el A ZRE W Al A SRS

2 % g9l
(@) B, B 0 ks Wb Sle) AMesks B py S

g olg; off 54 WsE AEA0E B praHhe
o BHsk o2 Bajel 4 psig olg, B4
perE T2 oF7} Basfekn £k el tiget
BT, ANEAGHAE, A, TN e 219
3} sle) ARAE S A psiE o), 54

p-5rE tEske WA s ek

PN
T U=
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