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Reliability of Pile Driving Formula
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SYNOPSIS : Prefabricated piles used for construction of highway bridges are most of steel pipe piles
and few of prestressed concrete piles. Its installation and inspection are less controllable and have
much uncertainty due to changes in subsoil and groundwater conditions. However, most of these
piles have been controlled using outdated pile driving formula such as Hiley’s formula which
models just the energy conservation due to its simple applicability in the field. This formula results
in overstriking or sometimes understriking due to buckling of pile head. Engineers cannot ensure by
the formula whether pile is installed properly.

To compensate the drawbacks of existing pile formula, parameters in Hiley’s formula and 55
formula are reviewed. Final sets used in pile formula and PDA test results(E.O.LD) are measured
during pile driving along the depth. These measured results along the depth were compared with
each other and with N values, so that relations between the each result could be inferred. Also the
factor of safety which can be used for pile driving formula are suggested.
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1.M 2

AAA AZAFFESG AA Ae] AAFFESe] BUX dEo] ARG ANG THdo] ng
< At Bishs Aol oty MAY FRUY BHE FAA dizZtdAd e 2708 AP LE)
3l HFEYF 2mmo] =2 WA TELVIFEAYE AAse] BYE BELold) 1~2mE T3
EZEA Y 5oz 2P oW LEAAFHL geTHez AAstneA AA AAYnd 7
o 3 FHEBbehe ¥l itk ERFAL TR A IFAAYL FAHY BYAYez IFF
AAE& FaHE AFEH dIHA BEo] gle Butohs wE-gepguld BAxAD egul
4 22 AR mE AR Y FH Y (set-upT relaxation) 2 AN wrYstx Rapxm ok o
HollE BF3ta AFdA TE AAY BAYC FEIFAE 2T AMRSlE olfE e RHITE o
A =2 BEALAY F4 dE o) BFATAE g AHgstn gtk

mEtA AR EX ] BYE TR dE AZEDE FAFE SASAFEOILD)Y AAHL F
i 7HReta, n&=2 AREATA AAT FEHFAQ Hiley 43 QR AQYA 4(FA 55)9) 4l

—209 -



Fx ot old] HAF GHES UotRY] 39, &2 ALEZGAR)Y 107 71D E sz A
AP THLFEAAS T FY}HT. =T 3 AAAHFTLH(SIP, Preboring TE)ol o
§ EO.LDS AAg AF# SPTY Ngtel @& A2 AFE ZAEAC

o A, Pebgy 58S 18§ Hiley T2 AL FS=3 Hube FS=47}, FS=4 Rt} 55 2o]
CAPWAP 34 Zd3d 243tk =3 Jet2Ed ARATLE g AAGe 289 F
2 vetlen, SPTe] Ngtel ©& PDAS 3 &AAY AFES AA3A

2. ghEol SogtE XIXIY M4

Y=o SA8H AXY BAYE O TH VGBAL ol g3E WYY @ FEWAN] A F
AN AP olgste ol Ak BE FerFAd TASE AFY TEe AAYL 1 FEW9Y
b @40} Qom, AHA Fei7h 22U W] BERPAd o8 239 D= AAYe P
240 og AR WA A% Aoz LA AT

2.1 SEIZ24

AZNNE FHELFA EEZHEAGAN98)] U} e FHIFARE AT, ok BE
AZwe AAelN ALg@h

2.1.1 Hiley2| #E}Z24{(1930)

o] 34L& AL ol BHAAES 1B, UA &H(LE)E IHA(FH, TE, FE Yy
A HEHHS G Yeld 2oln, dFoA 71 @o] AME3da .
e Wooh W, + n* W,
ctec, W, + W,
2

714 R, : BF FEA, & E&AFY, s AFTAYF
Cer Cpr Cq + FAANE, T, o] HUYBYLSH HYF
c=c, + c, : FEA, YnL=Foz FA

R, = /FS ¢))

s+

Hiley T4L 93l3v, F7139, dAHE AT BATH A AAd) AL&3}n, HE(FS)
& 345 durHoE A G, ASHAFEAAN AR FWEE FHELE F IHTEZZAHRALA,
1998).

21.2 UMY

%R 55 Holgn, AEE2 HEAIGA(IW)ANA = FrgalHE AHES BIIEEHY JEAXNFGE 73
o

<d AHg3ita AdFgstxn ok
oW, H
R, = 55+ 0.1 @
oq71M, R, : 38R A E(ton) W, : si®i2] FA(ton)
H : 39 333 (m) s HESBYH¥(m)

FEFHELS v¢ FW3T 9 ARt AAY, AEEQ] 37t At o)F A fsiME

—-210—-



ol T4 UHWMTFE FAMNPLRE ARG TH AAYE 4F3}A B UL dAE d& &
At .

2.2 MELFA 0] 208t £xsHM2 JZ0lE

A-5-Z 3 (freely space)oll ™ e A B(elastic bar)e] §-3 T (stress wave)S RAME SFHAHAE “1
29 1354 2] (one-dimensional wave equation)”ol&} 319, 2](3)9] ¥ SR TS AAF ot 2

HY A5 o] &3 DEH A QlojA UEL AFEF E2AEle SRR G Auiso] #
QHoz DY 4w R FuANe AP RE A +AE Ae GeH o

d*u _ 2. 3%u

w# = C o tR ®

714 C = VE/p : 888U WY g&=

olg 2 HFWAYL THAM FHUERE THE ¥} AT, a1 820A Aol #
A AAs) S8 271285 FAZAL AHEEHY @E 7Y F Ao a2y A9 o5 FE
of 23} FepFul 12, e Fo JAd A A EFF AAESE A3 olEHEA BHY
FEYANE AYsrie 433 ol Aol =R FFHF4LE d4ste YYosE FEH
T AL 44 THS %E’H’} 242 Urox et g FF0e] AEeHFE 4 s4vig ATER
HEAE W9 $8 5§ AN, FFAAY n2e AFIHAAF 5L AFHE AHESAM 3
Aite &9 FAHY “c}‘ﬂ°l Ao

3. EASAME VR
3.1 FEIYS

78EEE AT 39 RS H?‘fﬂ‘ﬂ?ﬂ’é*}‘ﬂi-‘ﬂ Sgn@Me ZaLH)% FEATLAUYL:Y
ZFEu(14Y ZBLH)9 nd TE/Z 283 FIAGER LF{WY uf THRIXE6NY Fad

Eyo|t}. 0|59 ZTPTE) dis] HEHF(final set, )T} Ngtol] WE | LAAYL Lolur) 934,
= A A 312 §(E.O.LD)3} w728 3L TA 9 A X g

® L 54’8*7}18}*1?3?& 5729 gepgul A

2527, D (mm)

G557, t (mm)

9(SPP)

9(SPP)

9(SPP)

TO(PHC)

9(SPP)

z71843°l, u (m)

4

12

5.7

5.7

4~5

#ee 25

DKH7

JUNTTAN7

DKH-7

NH-7

DKH-7

H3l%e], £ (cm)

72 (6B

84 7TH

84 (7D

64(4H)~80(5H)

70 (6%

AEF, W, (ton)

7

7

7

7

sﬂ‘ﬂi‘%, e (%)

(L )A2) 085
(LtjA2) 0.81

2

84

89

70

ey AS, n

0.5

0.5

0.5

0.5

0.5

FS=2.034}

SEAAHA AAE

-211-

FAFAGAN 7T Fepgule] HE, et CAPWAP URio] 38X X H(Davisson’s offsetd] <&
Fs=25 2-8)& 731, ZEU7F8HAe FeVISANN JAFAYE,




s} S EF, & T3 AEEZHEA LA (1998) A A A G FELEA F, Hiley 23} 55 2o ]
U3t HF AT 2 FJeIFAEY MHEE Yol wz k. o Yild, (AFHEE T
FQlstm AL FerAnel BEo AY a8y RYFATE ¥ 19 23 19 ZHz el ok

o semon | [UEETED
Ilmcm
{1} 2]
N values N valves L=12M 63m
0 10 20 30 40 50 0 10 20 30 49 50
orx o R e r—. Nvalves L=12M
| s H - E 010 20 30 40 50
| wewa 3{0 g O b S ’ ] T
§ (5 O =1
2 ‘ » 2 xw@ﬁ@ - -2 N 0 13
VR | NECiacS! £ [ IR Rk
4 ?}é(uzz;m) S| D [ A 5010 = !
E » 0130 gr" pren " ] 5012 K %
}.. = % " 5 =@ 10 5014 N
. e ’ sans & |SM \ 4
Y| RS LY I . e
4530 , @ E 15 2= 500 EELEN
w froreeed — - 508 @
s %}} 3 e g 509 gg
« | 2 i d K1
nan.nazes |[JMW o a SS:Z o
0 === 10 w
Al o2 2 el d BV
502
pLhBn uzes T ¥ £133m
A2 Hom 2 3 2 323m
x = . « -
(@) 8¢ wo) dEI)% (b) Fra ud THE7|x
P meson
y B semon
% son
hH CTLL]
45m

L =8.5M

2730 —_— .
2 230 g glo — =2 2 L4 -2 Zei=5.0m
) =2 £ e
130 —a
] =t L _J ............ e -4 _—
! N jise] fusa) =8 & [ | 3zsam
o o B omm _ 5 amm@m g ] il S B
§ 2 x) . g g _
6 5012 uH — G @) — [o]
>11= : E -
s g ulo -~ 3 5013 - —_— 8
s 508 | e -~ e - o
sws & an — . B2y san M W
ene < Baw 10 W (2m)/ — -1
ol 30" LA 22 ~ —
BAl %0 BA -
501571 3) (N=30/5712) i
(c-1) 2%4sSw g Al (c2) 2ASw nth A2 (F8eh: N=50/15 71F)

19 1 AHeEe AREA EOLD A
3.2 AHMILS
3.2.1 ZE|WE
99m 2747129 ZRIEE HeEe £3o) VAo) LAY 209 X2l mY(preboring pile)d
ZBLE g5 FAFANPE FAs DEY AXNAFS el SASANDPHES 13 29

Zol, AAFHE Folq FAel Ax ol AzZee LENY AN 3mE FA, FBIE FAR
o 3~10cm o 2 SAYANZ ADHEE ¥, F Ume) ZVLE Yo|E I2m APIFTF 7Y &

—-212-



o Addstd ¥ 13 22 IFepFulzg, THAQ Jod FAFANAA TERIFEHAE T HA
At

3.2.2 SIP U=

Pahm AP $HYIE TEQ PHCRE( 4450)9) thal SASAPE A7) s o] et A}
AAF Yoz $93UT. d7|H PHCTEHS ety o A48 THAaE FBEA=3.0cm, 27))
olck. o] AR WEwE 2o BANYF, ¢, =6mmZT FHFHAT. T3 ST Fepn)
o = AY 21 RYFHEE ¥ 17 1d 3¢] 22 Yeht Aok

lRAM(T"r%ISMEH)
lRAM(%ZH?HlH) I lRAM('#S}aﬂD-{)
v Ean
: :IIZO&:m T
N valucs RELE el Sm
0 10 20 30 40 50
L ma N L7720 R7T7RI7
2 -_—-2
4 -4
6 o b Zgw =12m
o8 %
£ N
ko I l
12
14 "
16 so’o:s
16 .
%9 2 A¥kx=As% EOID 43 29 3. A¥tzAs EOLD A3
(Preboring SPP) (SIP, PHCZ %)

4. iZMStAIY 2
4.1 SEIZ 4 MEE HE

CAPWAP EAd)A 78 s1&xAgo] sletn 7AFstn 2189 5 FebEAS) HEAAHo| 714
@ Aol Ari 2=l me} o] FAY VHEE AFSTA . olB8) IHoIN Fepu)
E&S DAY Hiey 349 58AXQe Faied Bag dgo]l RN &3 Ag3z A &
(FS=3)7} 33a1EX? 197 $O™ CAPWAP sj49) S8 A o] 2HSHe Hiley B9 cbige o
slelAre Lol TAl g EW, JSBED ARAFTLEC Batd HFZBYFo| B2 CAPWAP 8
Ne) HeAAY AT Gopur] Sstod, 137 TEEHY NLTE: 107), AT AHLE: 30
o hated SAFNYD TENIZEAAL SA) AN AZBYF) B HEAAHS AR
X8 Ane 19 49 2ok

ol agel oa, AAEANe] =EBSE BE HEBUF) ARV 2EY HEARNPL A5
$52 2ade ¢ 4 A% 2D Hiey T4 RS, FS=3 Bobe FS=47} 7}43 Fsjol 233
t ASS RAY E% 55 AL Hiley 2A(FS=49 2o 714 Falo) 6 o 2HIE A5e B
Aok wEbA fSHREE Hiley B4 Hohs 55 A2 olg3td H8AXHE FaE- o] gHolm
ek, Hiley 24¢ A48 Ao dutyoz BddA ANt agsies 58 &9 90-100%S

-213~



TATAFL

@43,

A543

300
2 7% fYgsivly 5&S (e~ CAPWAP(FS=2.5)
olgste] IFFAAYE T8 F 2907 & 53
3, ol g, Fs=4¢ A& < I vo~ Hiley(FS=3)
39 HEXNANYS e A o | e
o] AL Lo s F |
K 1004 y=90.85*0.98"x r=-032
<] b 3 y=106.47 * 0.95x 1r=-0.82
4.2 HEILZl g EOID 00 X ¥ = 189.1 % 091%x r=-0.55
o XIXIHE B 3 . y=145.13 * 091" r=-0.59
o i y=101.24 *0.95 r=-0.32

Basd ddd HFd 0 2 6 8 10 12
Qleo) W& CAPWAP 347
o] FHERAAAFTE YolR
71 984, A& AEE 3
AL dae 2Y 5o veld ok o714 SEX & CAPWAP d] 40| 3= Ao} FS=2.5
£ 83 A Davisson’s offset o)A FS=2.0& &3] 33 gtolty. o] 2P o2 HE, AR EA

A ATF RF HEAAY 4 theH 2ok

, S (mm)

a9 4 AFEYF % E J8AAH, R

160
160 L Davisson(F5=2.0) s
-&- SPP R =188.88%0.88
d CAPWAP(FS=2.5; L a 4 .
ol S RGP g9 400,98 WOTl o e

| -0 PHC = i
= 120f ° § |
8 B \‘:/ IOO L
& 100} ) L 4 a
~ ®e on ® ) 3
é " * o a g 80}
N T -
< Lo .. o [ ° g
E  ef ° te Of
Je - Py I
[ ] [ OF

0} XEpUs 0 MEILS
3 -
N 0 . .
6 8 10 12

FRAA o) FS=25 A&
a9 5. AEese HeAAY A%

(a) (b) Davisson’s offset ¥ (FS=2.0) 3 &

REAPMHFS:Z.S) [ton] Rgavisson(FS=2.0) [ton] — 188.88X0.88s (4)

4714, s : AFHYFH(mm) : .
RCAPWAP(FS=25) . CAPWAP #}4A|, F8351% 9 FS=258 H &3t 73 38228 (ton)

= 89.4%0.98° ,

R Devison(FS=2.0) . CAPWAP &)1 4], Davisson’s offset ¥§(F5=2.0)0.2 & 3|42 2]¥(ton)

4.3 AHHMZ LS50 CHE EOID2| XIXIHE
AMAATLEA A FetdE ZIEHo] TEARFAEA(1996) A= AR &7] HEA o]

e AXNATE U] sl AAEA WA AFE VYT & CAPWAP 849 AAAEE 2
¥ 63 Bol EAFIYCH, o8 HALAY AAAT VS 84X 48 e 2ok

—214-



REAPPARTIS=ZS) [4oy] = 100.43x0.94° (5-1) :
O CAPWAP(FS=2.5) | y=100.43 *0.94"x r=-0.96
RaDavisson(FS= 2.0) [ ton] = 95.43%0. 885 (5_2) -@- Davisson's Offset y=95.43 *0.88"x r=-0.82
4.4 Ngtoll CHet EOIDS| X|X|7HE

0353 AAFHERY 1) Yt Je Ngtel
e Fe1EAT CAPWAP 3l4 ATES-259 8187
A% Wole Sokusl fistl, Y Ngol t W7 !
S8AAYE ek Rl AR 7% Bk AN SPT T W o
o Nge BEMURAME NgolT. URE AAE L EEmEEans)

52X, Ry(ton)

2 FAHY Avdol, FEgHl A &(=T0%), AT oo o s8R
WeTton),  GEHzolB-T0cm)e) Aoz  FAYS HEAUS, s (om)
(t=9mm, D=508mm)& EFYY #, EZHYA P} Ngtol a9 6 AARATLEY AAAS

g AAAFL Aol =&¥LS LAY A

T & 4 Atk 2T FHLAAY AFL CAPWAP W S5s 42 FAH, FFHoz vk,
Hiley 2& Auto] Q@+ 3 &AAYo] Frtste Z¥E BAt I N=50/129] 3&AAHL
F99 gAAYRT A YEEd ole N=50/128] HFAYF6-9.1mm)o] FH& Nyt HFH
YF(s=53mmo]sHE T} AA FASAL B ofz} HAHFYA o] Hojd HFEe N2 Ad= =
A& R¢ Aoz Addn.

=153.62x"-0.33 r=-0.76
12or 4_.(57“ o8I (NE) 160 y
10 THileys eqpation = (Steel Pipa Pile) i
[ g @2 Wy = 7(tan) 140+ ~-®-- CAPWAP(Dav'sFS=2.0)
100 h = 70(cm) L \ e O CAPWAP(FS=2.5)
¢ equation [~ e =70(%) 1204 L%
‘R‘\ % -l N — o [y
& wf % = 10t s
3 (EAIFW 5)] > 8 o
f_g 70 - 4\ s 804
60. \ 7 g 54 604 .
so [ 4 HiteyFs=3) / - e wQ
a0+ g~
ol ™5 [ , N
b ) RN 21 y=348.15x70.85 r=-0.67
‘-.?iy:f-‘:::' 6 8 10 12 14 16 Q:S:(S_;_l_.g:l R e TN TR YA O T S WY S
{500 2 4 6 8 10 12 14 16 18 {50/20}
N-values NI A S
N - values
a3 7. Ngkoll & 3EAAH, R,
(23530) 29 8. Ngtdl @& EOILDY &E&XA™,R,

AAE Ao BUY BHe) HBSX o) AP SPTY Ngkel B EOLDY #4448 3¢
HARNES Ygd AE 17 83 A(6)H 2ot

REAPHARFS=29 [1o,] = 153.62 N ~°%, RINISTI0 [1n] = 815N 0¥ (6)
9714 N : SPTS) N gtel A 457} okuet #d@ole ojrgn

aglm AAA ZAHLE(D=508mm, t=9mm) W] FHLA)FE FFAr|E YHFHoE 60~70(ton)°]
oz old HFe TEHAGENAY N 13 8ZRE N>50/11~50/17(3 -8 A A =32 X & o
FS=2.5¢ #4), N>50/7~50/8(3)-& A A8 =Davisson ¥W'golx T§ FHE&Fo] FS=20& &)t F
12 AAFFTd o] Nztel ¥l sidste LEAY A& o83ty T5HE 2R = Ut

~-215—



5. HE

AFBYFT EETVINYEPY Ngtol si3shs EOLDY AAASOZ P34 JIEe &
HE7l Y5, n&ER AHERY Y} APAT VEA st BYYoY SA15A1W(EOLD)T
TERFEAYL FAO £ Ao gD g

(1) Ao} =P, HFAYF) AZFE 59 JLANY L A5FP4E 22 TS AT}

(2) FFHAHlY BE FANY 23, A LEG AAATTE g LAY HZBUT)
52 AtstHoh '

G) FeHFY EE&g 1Y Hiley F49 HEANYL 2Q3t7] 98 ALLE FAL(FS)S AR A
Bo] AH88la Qle FS=3 Rube FS=47} CAPWAP s ZAT9] 3|4 Po] 2HFL It} w
24 Hiley 348 A8t F4siml ) 518AAY MY ASole ety 58, ¢, < 1A
AAE, FS=4& A8 AL FHo.

@) Fdsivie L4 JRALFRAY(Gs)e AAES Yolry] S5t TEBQPolo) e S
SINEE HAF A, 5s Ao FHEAXYL ety AL 1S Hiley TA(FS=4)e] &R
HEY CAPWAP 349 3E&AAY O 2H3e AL BY)

(5) FerFul Z&(e=70%), FFAW:=7ton) 181, FeEol(h=70cm)e] Ao ZBVLEL €Ye
o, Ngtdl g EOLDY 3EAXYL Auto] @42 Pastes AL YR, N<50/1053H
© 3 8ARAYo] F£3] FAaTS Uitk _

(6) Ngtol @& EO.ID9 3&AANAFTE AN, AAA FPLE(D=508mm, t=9mm) &) =}
A7 s arle d¥rFoR 60~70(ton)o] B2 old] Pt THMGS 9 N>50/11~50/17
(AEAAH=I AN FS=25 2 §), N>50/7~50/8(3}& %] x| P=Davisson HHo|x T3 s}
F ol F$=2.0 F£)9-& &34t

gl

1. A3 5(199), 2R R F A WA, pp.924~938.

2 AFERFAH1998), REEE AFAYA, pp.7-1~7-21.

3. ASTM D 1143-81(1992), “Standard Test Method for Piles under Static Axial Compressive Load”,
American Society for Testing and Materials, Vol.4, No.8, Philadelphia, pp-195-205.

4. Flaate, K. S(1964), “An Investigation of the Validity of Three Pile Driving Formulas in
Cohesionless Material”, Pub, No.56, N.G.I., Oslo, Norway.

5. Gates, M.(1957), “Empirical Formula for Predicting Pile Bearing Capacity”, Civil Engineering,
ASCE, Vol.27, No.3, March, pp.65~66.

6. GRL Associates, Inc.(1996), CAPWAP User Manual.

7. Olson, R. E. and Flaate, K. 5.(1967), "Pile Driving Formulas for Friction Piles in Sand", JSMFE,
ASCE, Vol. 93, SM6, pp.279~296.

8. Smith, E.A.L.(1960), "Pile-Driving Analysis by the Wave Equation, Journal of the Soil Mechanics
and Foundations Division", Proceedings of the American Society of Civil Engineers, Vol. 86, SM 4,
pp-35-61.

9. U. S. Department of Transportation Federal Highway Administration(1980). Wave Equation Analysis
for Piles, Arlington, pp. 14~47.

10. US. Dpt. of Transportation(1996), Design and Construction of Driven Pile Foundations, Workshop
Manual. '

—-216 -



