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p@=k K} QY CQwYx@ xW}ty R}v 5'PDF |iO=YD |=yQ}eDt pkDUt p=tDL=
=@ =D xOW xDiQo Q=m x@ p=QoDv= u}= R= |r}rLD |=y?} QkD =Pr "Ow@ Oy=wNv |UQDUO
j}kLD u}=QO "OQm x@U=Lt =Q |oDN}Uo p=tDL= =} |Q}PBu=v}t]= u=wD@ u; R= xO=iDU=
u=wva =@ �FORM� l} |xHQO |Q}PBu=v}t]= |vR?} QkD |=yVwQ R= |m} R=

"CU= xOW xO=iDU= MVFOSM6

|Q=PoQ=@ Q=t; "1"5
u}= QO "OQ=Ov OwHw ,qwtat =yv; |Q=OQ@xQy@ Qta pw] QO =yxR=U |ak=w |Q=PoQ=@ Q=t;
OQwt |=y`tW |Q=PoQ=@ |Q=t; C=aq]= x@ uDW=Ov |UQDUO x@ xHwD =@ R}v j}kLD
7�LRFD� Q=@ w Ctw=kt ?}=Q[ VwQ x@ |L=Q] |xt=vu}}; Q=@ ?}=Q[ w j}kLD
u=Wv 3 pwOH QO xm =Q Q=t; u}= "CU= xOW xO=iDU= 8�AASHTO� |xt=vu}}; w
QO u}vJty [10]"OQw; CUOx@ 1992 p=U QO �Nowak� lwwv 'CU= xOW xO=O
"CU= xDiQo Q=Qk Q_v Ot �|rkF� xOvR w xOQt |=yQ=@ ?}mQD |Q}PBu=v}t]= |xar=]t
=Pr w CU= sm =L Q=@ ?}mQD |xrRvtx@ =ypB |L=Q] QO Q=@ ?}mQD u}= ,qwtat =Q} R
p=tDL= w |Q}PBu=v}t]= XN=W |@=} RQ= |=Q@ Cr=L u} QDxv=Q=mx_i=Lt smL QO
x@ Ov=xOW xO=iDU= =Hv}= QO xm |Q=@ ?}=Q[ "OwW|t xDiQo Q_v QO |oDN}Uo
xm |Q=PoQ=@ Q=t; "CU= xOvR Q=@ |=Q@ 1 65 w xOQt Q=@ |=Q@ 1 25 =@ Q@=Q@ ?}DQD
?} Q[ '��� u}ov=}t |=yQ}eDt pt=W OwW|t xO=iDU= |Q}PBu=v}t]= p}rLD QO
p=ta= |ak=w Q=@ C@Uv ?}=Q[ w 10�STDev� Q=}at h=QLv= ' 9�COV� C=Q}}eD
u} QDW}@ '3 pwOH x@ xHwD =@ "OvwW|t h} QaD ��� `tW |L=Q]Q=@ x@ `tW x@ xOW

"OwW|t xO}O pB |xWQa |wQ K]U |WWwB Cr=iU; uRw QO C=Q}}eD
x@ xR=U |xOQt |=yQ=@ pm R= |mJwm Q=}U@ OYQO xmv}= x@ xHwD =@ xD@r=
'��� u}ov=}t |=yx@U=Lt QO u=wD|t 'OQ=O X=YDN= K]U |WWwB Cr=iU; uRw
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�R |Q=t; |=yQ}eDt x@ C@Uv p}rLD Qy |=R=x@ �R |=]N
�R

|m}D=DU= |Q@ Q=@ C}iQ_ CAPWAP G}=Dv xvwtv�OYQO� =yxvwtv u}ov=}t �R Janbutoe+APIskin �kN� �kN�

�R;mean = 0 9580
0 31 0 95 3016 2870 1�1

STDev(�R) = 0 02074
1 61 0 93 3016 2815 1�2

COVR = 0 0216

1 29 0 96 3016 2898 1�3
0 74 0 97 3016 2940 2�1
2 82 0 94 3016 2836 2�2
2 08 0 99 3016 2979 2�3

�R;mean = 0 7690
0 29 0 77 1769 1366 3�1

STDev(�R) = 0 0094
1 53 0 79 1769 1391 3�2

COVR = 0 0216

1 24 0 76 1769 1353 3�3
0 47 0 77 1769 1357 4�1
0 49 0 76 1769 1344 4�2
0 02 0 76 1769 1351 4�3

�R;mean = 0 7208
0 77 0 72 4327 3128 5�1

STDev(�R) = 0 0188
0 69 0 73 4327 3174 5�2

COVR = 0 0260

0 08 0 73 4327 3155 5�3
2 73 0 73 4327 3170 6�1
4 14 0 68 4327 2958 6�2
1 40 0 72 4327 3129 6�3

�R;mean = 1 0573 2 25 1 03 1302 1346 7�1
STDev(�R) = 0 0446 4 87 1 11 1302 1444 7�2
COVR = 0 0422 2 61 1 03 1302 1341 7�3
�R;mean = 3 4965 0 58 3 52 670 2355 8�1

STDev(�R) = 0 0178 0 36 3 48 670 2333 8�2
COVR = 0 0051 0 23 3 49 670 2336 8�3
�R;mean = 0 4745 0 11 0 47 7559 3583 9�1

STDev(�R) = 0 0020 0 36 0 47 7559 3574 9�2
COVR = 0 0043 0 47 0 48 7559 3604 9�3

�R;mean = 0=4899
0 42 0 57 22077 12685 10�1

STDev(�R) = 0 0956
0 15 0 58 22077 12758 10�2

COVR = 0 1952

0 27 0 58 22077 12774 10�3
1 02 0 41 22077 8981 11�1
2 13 0 39 22077 8701 11�2
1 11 0 41 22077 8989 11�3
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R= xO=iDU= =@ `@=D u}= w OwW|t xO=iDU= �g(R;Q)� |OL Cr=L `@=D \U@ |=Q@
QO u}vJty "OwW|t p}O@D |]N `@=D l} x@ |iO=YD |=yQ}eDt u}ov=}t Q}O=kt
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|U=U= |iO=YD Q}eDt wO xar=]t u}= QO "Ovm|t xO=iDU= |iO=YD |=yQ}eDt �Q=}at
|Q=t; `} RwD R= =yv; |wO Qy |=Q@ xm CU= xOW xDiQo Q_v QO �R� Ctw=ktw �Q� Q=@

|UQQ@ u}= QO PDA uwtR; G}=Dv xm CiQo xH}Dv u=wD|t hrDNt |=yVwQ R=
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'pw= |xHQO p}rLD R= xO=iDU= =@ |Q}PBu=v}t]= |UQQ@ "3"5
�FORM� swOQovr

|xrRvtx@ 8 |xrO=at K} QY pL 'OW xDio VN@ u}= |=OD@= QO xm Qw]u=ty
|x@U=Lt |=Q@ =Pr "CU}v umtt ,qwtat |Q}PBu=v}t]= |=yp}rLD |x}=B |xrO=at
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%CW=O s}y=wN =Pr 'OvwW|t ZQi pkDUt |iO=YD

COV 2
Q = COV 2

QD + COV 2
QL (22)

|U} wvR=@ 23 |xrO=at CQwYx@ =Q 14 |x]@=Q u=wD|t |R=UxO=U R= TB '=yDv= QO
%OQm

� =

ln

"
�RFS(QDQL+1)

�QD
QD
QL+�QL

r
1+COV 2

QD+COV 2
QL

1+COV 2
R

#
q

ln
�
(1 + COV 2

R)(1 + COV 2
QD + COV 2

QL)
� (23)

|=ypwtQi R= xO=iDU= =@ j}ta |xOwr=W KQ] |Q}PBu=v}t]= XN=W 23 |x]@=Q
`tW KQ] |oDN}Uo p=tDL= Qou=}@ xm XN=W u}= "OyO|t u=Wv =Q |m}D=DU=
Q=t; =@ KQ] G}=Dv |xU}=kt T=U=Q@ 'CU= |m}D=DU= p}rLD w x} RHD R= xO=iDU= =@
xOt; CUOx@ PDA uwtR; G}=Dv R= pY=L `tW |ak=w |Q@ Q=@ C}iQ_ j}kO
?} Q[ R= |a@=D |Q}PBu=v}t]= XN=W xm O};|tQ@ u}vJ 23 |x]@=Q R= "CU=
'�QL� Q=@ Q=t; '�QD=QL� xOvR x@ xOQt Q=@ C@Uv '�FS� |L=Q] u=v}t]=
u}= QO "CU= �COVR '�R� Ctw=kt Q=t; w �COVQD w COVQL '�QL
u}vJty w 3 0 w 2 0 '1 0 '0 5 =@ Q@=Q@ QD=QL hrDNt |=yC@Uv xar=]t

"CU= xOW xDiQo Q_v QO 3 w 2 5 w 2 u=v}t]= ?}=Q[
xO=O u=Wv 5 pwOH QO � |Q}PBu=v}t]= XN=W |x@U=Lt R= pY=L G}=Dv
|Q=PoQ=@ |=yQ}eDt |xrRvtx@ 3 pwOH QO xOW QmP Q}O=kt R= pwOH u}= QO "CU= xOW

"CU= xOW xO=iDU=
|=yC@Uv x@ ��� |Q}PBu=v}t]=XN=W 'OwW|t xO}O 5 pwOH QO xm Qw]u=ty
u=R}t =t= "OyO|t u=Wv OwN R= |tm Q=}U@ Q}}eD w xOw@v T=UL |Q=PoQ=@ Cw=iDt

"CU= TwULt �FS� u=v}t]= ?} Q[ T=U=Q@ Q}}eD u}=
"OvDUy |ivt 5 pwOH QO R}v � Q}O=kt R= |[a@ xm OwW|t x_Lqt u}vJty
nwr `} RwD R= xO=iDU= =@ Ctw=kt w Q=@ Q}eDt wO Qy j}kLD u}= QO xmv}= x@ xHwD =@
|tD} Q=or |x]@=Q l} T=U=Q@ R}v |Q}PBu=v}t]= XN=W w Ov=xDi=} \U@ p=tQv-
pN=O CQ=@a 'OW=@ lJwm |r}N�R u}ov=}t ?} Q[ xm |Dkw 'CU= xOW h} QaD
OQ}o@ OwN x@ R}v l} R= QDtm Q}O=kt Ov=wD|t 27 |xrO=at QUm CQwY QO xWwQm
x@ |Q}PBu=v}t]= XN=W "OW Oy=wN |ivt � XN=W u; R= |Q}osD} Q=or =@ xm
|vat u=O@ |Q=Okt u}vJ w OQ}o@ OwN x@ R}v |ivt Q}O=kt Ov=wD|t l} Qw�D ^=Lr
xDiQoQ=mx@ VwQ 'KQ] QO 3 �FS� u=v}t]= ?} Q[ uDiQo Q_v QO =@ |DL xm CU=
|xk]vt l}vmDw�S \}=QW =@ sRq |Q=oR=U w xOw@v ?U=vt xOwr=W KQ] QO xOW

"OQ=Ov =Q Q_v OQwt
|Q}PBu=v}t]= XN=W Qou=Wv Ck}kL QO QiY x@ l}ORv O=Oa= w |ivt O=Oa=
|xOwOLt QO 'p=L u}a QO "CU= �50 |q=@ |oDN}Uo p=tDL= w KQ] u}}=B Q=}U@
QO �10 |oDN}Uo p=tDL= pO=at� 2 |Q}PBu=v}t]= XN=W |UOvyt |=yQ=m
,=@} QkD �`tW |xr}Uw x@ Q}PBptLD |ak=w Q=@ x@ C@Uv |m}D=DU= KQ] G}=Dv |xU}=kt
QDnQR@ w 2 OwOL QO O=Oa= =Pr "OwQ|t Q=tW x@ KQ] QO ?U=vt XN=W |xrRvtx@
|xOwr=W |m}D=DU= KQ] QO xOW xDiQo Q=m x@ VwQ |Q}PBu=v}t]= Qou=Wv u; R=

"CU= j}ta
XN=W xm OQm lQO u=wD|t =Q ?r]t u}= 'xOW QmP K}[wD x@ xHwD =@
|Q@ Q=@ C}iQ_ |=Q@ KQ] |oDN}Uo p=tDL= R= |Q}UiD Ck}kL QO |Q}PBu=v}t]=

h} QaD Q} R CQwYx@ |OL Cr=L `@=D Cr=L u}= QO =Pr "OwW|t xO=iDU= p=tQv nwr
%OwW|t

g(R;Q) = ln(R
Q

) = ln(R)� ln(Q) (10)

sm =L `} RwD w OvDUy Qo}Om} R= pkDUtR ; Q |iO=YD |=yQ}eDt xm OwW|t ZQi
TB "CW=O Ovy=wN p=tQv `} RwD ln(R) w ln(Q) =Pr "CU= p=tQv nwr =yQ}eDt Q@
h} QaD 11 |x]@=Q CQwYx@ (g(R;Q)) p=tDL= |r=oJ `@=D u}ov=}t C}=yv QO

%OwW|t
�g = ln(R)� ln(Q) (11)

%s} Q=O p=tQv nwr `} RwD |=yQ}eDt h} QaD j@] '11 |x]@=Q QO
ln(R) = ln( �R)� ln(1 + COV 2

R)0 5 (12)

ln(Q) = ln(Q)� ln(1 + COV 2
Q)0 5 (13)

�g = ln(
�R
�Q

s1 + COV 2
Q

1 + COV 2
R

) (14)

h} QaD 15 |x]@=Q CQwYx@ p=tQv nwr `} RwD QO R}v pkDUt Q}eDt wO Q=}at h=QLv=
%OwW|t

"R =
q
ln(1 + COV 2

R)(1 + COV 2
Q) (15)

?}=Q[ COVQ w COVR w Ctw=kt w Q=@ Q}O=kt u}ov=}t �Q ; �R 'u; QO xm
"OvDUy Q ; R C=Q}}eD

'|Q}PBu=v}t]= XN=W '2000 p=U QO u=Q=mty w Haldal h} QaD T=U=Q@
%OwW|t u=}@ "g x@ �g C@Uv CQwYx@ '�

� =

ln

"
R
Q

r
1+COV2

Q
1+COV2

R

#
q

ln(1 + COV 2
R)(1 + COV 2

Q)
(16)

w Rn; Qn |tU= Ctw=kt w Q=@ T=U=Q@ u=wD|t =Q Ctw=kt w Q=@ u}ov=}t Q}O=kt
%OQm h} QaD 18 w 17 |=yx]@=Q CQwYx@ �R w �Q ?}DQD x@ ?}=Q[

�Q = �QQn (17)

�R = �RRn (18)

%OW Oy=wN 19 |x]@=Q CQwYx@ 16 |xrO=at xH}Dv QO

� =

ln

"
�RRn
�QQn

r
1+COV2

Q
1+COV2

R

#
q

ln(1 + COV 2
R)(1 + COV 2

Q)
(19)

FS=Rn=Qn CQwYx@ 11�FS� u=v}t]=?} Q[ T=U=Q@ u=wD|t =QQn wRn
|xt=v u}}; |xOvR Q=@ |xwqax@ xOQt Q=@ |Q=PoQ=@ ?}mQD uDiQo Q_vQO=@ "OQm u=}@

%CW=O s}y=wN AASHTO

�QQn = �QDQD + �QLQL (20)

Rn = FS(QD +QL) (21)
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��� |Q}PBu=v}t]= XN=W u=v}t]= ?} Q[ C=Q}}eD ?} Q[ ptLD p@=k Q=@ C@Uv xvwtv
�mean QD/QL�3 0 QD/QL�2 0 QD/QL�1 0 QD/QL�0 5 �FS� �COVR� ��R� |L=Q] Q=@ =@
2 58 2 64 2 61 2 56 2 52 2 0

0 0216 0 958 2w13 59 3 65 3 62 3 58 3 53 2 5
4 42 4 48 4 45 4 40 4 36 3 0
1 59 1 65 1 62 1 57 1 53 2 0

0 0123 0 769 4w32 61 2 66 2 64 2 59 2 54 2 5
3 44 3 49 3 47 3 42 3 37 3 0
1 29 1 34 1 32 1 27 1 22 2 0

0 0260 0 721 6w52 30 2 35 2 33 2 28 2 23 2 5
3 12 3 18 3 15 3 11 3 06 3 0
2 99 3 04 3 02 2 97 2 92 2 0

0 0422 1 057 73 99 4 04 4 01 3 97 3 92 2 5
4 80 4 85 4 83 4 78 4 74 3 0
8 50 8 55 8 52 8 48 8 43 2 0

0 0051 3 496 89 51 9 57 9 54 9 49 9 45 2 5
10 34 10 40 10 37 10 32 10 28 3 0
�0 61 �0 55 �0 58 �0 62 �0 67 2 0

0 0043 0 475 90 41 0 46 0 44 0 39 0 34 2 5
1 24 1 30 1 27 1 22 1 18 3 0
�0 41 �0 37 �0 39 �0 42 �0 46 2 0

0 1952 0 490 11w100 35 0 39 0 38 0 34 0 30 2 5
0 98 1 02 1 00 0 96 0 93 3 0
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1. pile driving analyzer(PDA)
2. case pile wave analysis program(CPWAP)
3. match quality number(MQ)
4. �rst order reliability method(FORM)
5. probability density function(PDF)
6. mean value �rst order second moment(MVFOSM)
7. load & resistance factor design(LRFD)
8. American Association of State Highways & Transportation Or-

ganization (AASHTO)
9. coe�cient of variation(COV)
10. standard deviation
11. factor of safety
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