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20 Gw_date2 Date MMDDYY
21 Gw_level3 Decimal(7,2)
22 Gw_date3 Date MMDDYY
23 Gw_level4 Decimal(7,2)
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26 Gw_date5 Date MMDDYY
27 | Gw_level6 Decimal(7,2)
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13 |LL Decimal(5.1)
14 | PI Decimal(5.1)
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17 | Void ratio Decimal(5.2)
18 | Dy 10% Decimal(7.4)
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Microstation
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8.1
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8.2
SPT-N
SPT-N
1 Seed 1997 NCEER
Workshop 2 Tokimatsu  Yoshimi 1983 3
1996 4 Liao (1988) 5

Lai (2002)
821 Seed

Seed Idriss 1971

Seedetal. 1983 Dso
1985  Seed
Dso
Fines Content 8-1
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AASHTO 1997 NCEER

Workshop
" T |
Percent Fines =35 15 =5
0.5 |- e | |
i
|
B o4 | — L
g i
o | L
o , . |
g 03 | ; - |
E' I |
i | i _
= | '
E !
5 02 |- _ -
!
Lo M=TS
_,.// Adjustriant
Recotnmended
By Workshop , |
0 — -
| 10 20 30 40 g0
. Gorrected Blow Count, (Mg,
8-1 MW:7-5 Nl o
Seed 1985
h
amax 8_2



a max

g
(7o)

h (Tmax)d
(T max)y
(7 max)a = 76 (F wax )y e (8-2)
7 Blake 1998
iz 8-3
1.000 —0.4113 2°° +0.04052 z+ 0.001753 z'°
j/d = 0.5 1.5 5 ceree (8—3)
1.000 —0.4177 z°° + 0.05729 z—- 0.006205 z~ + 0.001210 z
(T max)d h
(tma)s  65% equivalent uniform
Tave
average shear stress ( ; j
Oo
H (_j 0652 T2 e (8-4)
00 ) Oo ) g oo
Tave
Oo

8-3



Dhenth

amax
g
7 3-3
ir r =—IML
""! SMfarimurs Shear Séress 0 e ) L
# o orisid Bady
- l d  deformiobis
o= ?-H
_{fm) .
z (Fo]
— | \
{a) rigid body model (b} the distribution of {e) stress veduction factor
vax. Shear aTress
8-2 7 Seed Idriss, 1971
N
N
SPT-N 8-1
Seed 60%
N N1 ¢ 8-5
ER
N S CON N | | e
(N1 o = Cn ( F j




\\F N

Cn Overburden Stress Correction Factor
N N
ER
60
Seed Liao
1986 8-6 Cxn
0.5 1.6 Energy Ratio
8-3
8-6
LT (8-6)
O o
ER(%):30-£+50 fOr 2 < 11 MELErS oo (8-7a)
ER(%) = 80 for z > 11 Meters ....ccocoeeveeeeeeeennee. (8-7b)
P, 100kPa
oo
ER
Z meters



81 SPT-N

1999
Seed T&Y JRA96 Liao
PGA M PGA M PGA PGA M
N FC N FC y |[N D50 FC| N FC
% 60 80 72 60
15 15 - -
5% 2.5~7.5% - -
1.25~1.5 1.0 0~1
NI <10 1.5
1.3
Ni 60 8-1
MW =175
CRR 1997 NCEER Workshop 8-1
7.5 Idriss 1998 MSF
Magnitude Scaling Factor My 7.5
102.24
MS: = M R R R R ] (8'8)

8-6




a+cx+ex+gx’

CRR 75 = —————— s 8-9
P Tt ox” + X+ (8-9)
M Moment Magnitude
X (Ni)oos (N1 )soos =0+ BINIO oo (8-10)
0 forFC <5%
a={expll.76 - (190 /FC?)]  fors%<FC<35%
5.0 forFC >35%
1.0 forFC<5%
B =1[0.99 + (Fc* /1000 )] fors% < FC <35%
1.2 forFC >35%

a=0.048 b=-0.1248 c=-0.004721 d=0.009578

e =0.0006136 f=-0.0003285 g=-1.673E-05 h=3.714E-06

8-11
8-4
ES = SRR S M oo (8-11)
CR
CRR7;s 7.5
CSR
MSF  Magnitude Scaling Factor 8-8
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SPT Tests

My N Value

Amax o', ke/em? FC %

(N|)ﬁo:cN-N-[§j

60

A\ 4
102.24
MS- :W (Nl)ﬁocs :a+ﬂ(Nl)60 D —
w
v l
CR=0.65- 2. Toy
g o, 2 3
CRR,, - a+Ccx+ex’ + gx
2 1+bx+dx? + B +hx*
FS _ CRR 75-MS
CR
8-4 Seed 1997NCEER Workshop
8.2.2 Tokimatsu Yoshimi
Tokimatsu  Yoshimi 1983
10 70 20



Dr =
2.5%

50~85% 15
5% 7% Meyerhof 1957
N Dr %
N
Dt = 2l o e 8-12
oo+ 0.7 ( )
8-12 N
(L,j - a-cr[ (wﬂ } ............................................. (8-13)
Oo/Rr Cs
Na=(Niko+ ANt (8-14)
1.7 ER
N1 )ko = =
(N1)o (a'o+o.7 80)
ANt =0 for FC<5
=FC-5 for S5<FC<10
=0.1-FC+4 for 10<FC
a 0.45
C 0.57
n 14
N N
N 0 80% N
ER 8-7

8-10



oo kg/cm®
ANt
C C, = 80~90
Tokimatsu  Yoshimi Cs=75
Cs
Tokimatsu Yoshimi 1983
Cs
80~90 C, 75
M z
CSR = (zae/), = 0.1-(M —1)- 22 s e (8-15)
g Oo
M
oo kg/cm®
oo kg/cm®
Amax g
g
n z(m) M =1-0.015z
8-5
T
FL= (/‘7"% ........................................................................ (8-16)

8-11



SPT Test

Amax ML 0’0 kg/Cm2 FC %
ER
NsoZN-(%j
1.7Ng,
-1 %0  —
"ol +0.7 v
0 FC<5
AN, =1 FC-5 5<FC<I10
0.1-FC+4 FC>10
Na= (N1 )so+ AN
v
) g ) (rj . l6s/Na+(16«/Naj
Jé ) : g (I) d Oo)/gp 100 Cs
a=0.45, C=0.57
2
F %0 )s
T
)
8-5 Tokimatsu Y oshimi 1983

8-12




8.2.3

1995
1998
JRA 1996
1 2
10m 20m 3 FC < 30%
PI < 15 4 Dsof 10mm Dlof Imm
8-6
L 8-17
L = yd x Kne x T et (8-17)
O o
L
Oo kg/cm®
oo kg/cm’
74 7,=1-0.015z
Kic
R
R = Oy R oottt (8-18)

C, =10 (R, <0.1)
C,=3.3R_+0.67 (0.1< R, <0.4)

C,=2.0 (0.4<R.)

N
R, =0.0882 ] (N, <14)

8-13



N

R =0.0882 /= +1.6x10° x (N, —14)*’

Na :CI(N1)72 +Cz .......................................................
N
N, =1.7
! “r+07)
ER
(N1)72 =N, (7)
L e e (0<FC <10%)
¢, =1(FC +40)/50........ (10% < FC < 60%)
(FC/20)~T.oorrcs e, (60% < FC)
0 (0<FC <10%)
> |(FC -10)/18.......... (10% < FC)
N, =[1-0.36x10g(Dysy /2)]X N, ooooivoereeeeereerns
Cw C C2
FC %
N N
o kg/cm®
N, N
(N7 2%
8-21
R
B L = T

8-14

(14<N,)



10m 20m
FC<35% FC>35% PI<15

D50510mm Dloﬁlmm

th

. v v

FC % SPT Test

Dsp mm N Value o’y keg/em?

D10 mm

N7 = N(Ej
72

v

..

(]

Yd Z1.0.0152

R=c,Rp
c,=1.0
1.0 (R <0.1)
¢, =13.3R_+0.67 (0.1<R_ <0.4)
2.0 (04<R)

R =0.0882,] {\'7 (N, <14)

<
R, =0.0882, {\l; +1'6X10_6X(Na—14)4‘5 (14<N,)

Na:Cl(Nl)72+C2
(Nl)nzﬁ
o, +0.7
1 (0<FC <10%)
c, =1 (FC +40)/50 (10% < FC <60 %)
(FC /20)-1 (60% < FC)
C_{o (0O<FC <10%)
> (FC -10)/18 (10% < FC)

N, = [1_0-36 x log (Dso /2)]X(N1)72

1996

8-15




824 Liao

Liao et al. (1988) (Logic Transformation)
(Maximum Likelihood) PL
Liao 278  SPT
SPT—N
SPT
Tav/ 0o
Tav o' Liao Seed et al.
SR 8-4
SPT N SPT
N SPT N
N
Liao Seed (N1)so
SPT N 1kg/cm®
N; 60 (N1)so 8-5
Liao, et al. (1988) SR = z/ob (N1Dso
PL
P, = 1 (8-22)
L {1 N exp[_(ﬂo N ,Bl ln(SQ) N ﬂz( N 1)60)]} ...........................
Liao,et al. (1988) SPT
(FC £ 12%) 182 (FC>12%) 96
278

8-16



1. (FC<12%)

1

............

P =
“ 1+ expl- (16.447 + 6.4603 In(SR) — 0.3970(N1)60 )|}
2. (FC>12%)
p. — 1
- {1 + exp[—(6.4831 +2.68541n(SR) — 0.1890( N 1)60)]}
3.
p. — 1
- {1+ exp[(10167+ 41933 In(SR) - 024375(N1)ao) |
8.3 Lai( )
1Iscriminant ana YSI1S
2003 discrimi lysi
wang et al.
592 ( Hwang et al. (2001)
288 Liao et al. (1988)
278 Boulanger et al.(1997)
Prieta 26 )
SPT >
XR SPT-N , XR  SPT-N
(1) 2)
Lai

8-17

3)

921

Loma
(SPT)

592



8.3.1
(discriminant analysis)

SPT

Christian & Swiger(1975) (1990)

(variances) (correlation)

Christian & Swiger(1975)

Vv V=0 V<0

X

::><|

n/

8-18



S S

(8-24)
, (Lai, 1990)
(8-24) (function of probability of
misclassification )C(P) (8-25)
1 T (o
Vp{X—E(x + X )} SR D I ! (=) N (8-25)
v, V, 20 V, <0 P
P (probability of misclassifica
C(P)
(8-24) (8-25) R
XR X
R
S b ettt ettt ettt st sttt e be e be e s ab e et et e bee e 8-26
el (8-26)
X,
o Eﬁ@ i
Xt = {X_Rg} ................................................................................ (8-27)
SR SR

8-19



XR, XR,
Xné
o R
S 4 L b eettttteereteeerreeee—eee e taeea—aee ettt eearreeearreeeanrreeaanraeeans 8-28
g (5:28)
SR, R,
X_Rn€ XR{‘M
S
| Var(SR) Cov(R, XR) )
S= [COV(S?, XR) Var(XR)} ..................................................... (8-29)
Var (R) R
Var (XR) XR
Cov(SR, XR) SR XR (covariance)
C(P) P
P a
o= (X, = X, ) S X, =X, ) oo (8-30)
C(P) P a

8-20



C(P)z@erf*(l—zP)—E ..........................................................
erf ™! erf
erf
y 2
erf (Y)=| —=expl= X7 )aX oeiiiiiiieeceeee e 8-32
(¥)=] ﬁexp( ) (8-32)
VP
XR C(P) V, = f[SR XRC(P)]
8.3.2 SPT
SPT
Tav/ G0 Seed et al. (1985)
Tav oo
Mw=7.5 CSR7.5
z-av yd a‘max GO
C Y = 0,65 i I 0 e e 8-33
Ry = =065 T % (8-33)
CSR7.5I Mw=7.5
2
Tav kg/cm
A max m/sec’
g m/sec’

8-21



Oo kg/cm®

o' kg/cm®

y

bt

MSF (Magnitude Scaling Factor)
Liao et al.(1988) 7Z

©=1.0-0.00765Z, Z 9.15m

=1.174-0.0267Z, 9.15m<Z 23 Mo, (8-34)
Idriss (1999) Mw  MSF
MSF=37.9(Mw) %! for Mw  5.75
=1.625 fOr MW<5.75 voooreereereeene. (8-35)
SPT-N SPT-N
SPT-N
N Seed et al.(1985)
(N1)60
60%
(N1)60
(ND oy = N v Co N e (8-36)
(N1)so 60%
Num N,=(ER/60) ER (%)

8-22



Ca

C,=4l/o, ob

921
(Energy Ratio)

ER=30%(Z/11)+50  for Z

ER=80 forZ>11m...............

8.3.3 SPT

SPT

. Lai SPT

Lai 0% < FC <10%
30% < FC <40%

:SPT

CSR7s
11’1(CSR7.5)

In(CSR75)

Lai  \J(N))

(8-39)

Liao & Whitman(1986)

kg/cm’
288
(2000)
............................................ (8-37)
................................................ (8-38)
SPT
592

10% <FC<20%  20% < FC <30%

VN
VN In(CSR75)
VN
11'1(CSR7.5)



V. = { V(Nl)"o }_l V(N1)60 + \/(Nl)so
T lmCRy)) 2| [nCR ) ia NCSR)] g

. | Var(\/ (N1 )60 ) COV[ (Nl )60 ’ ﬁn(CSQ” )]—7
| Coy(N)) > M(CR,) VarlmCRl | e o
- .(8-39)
. 2, (NDeo _J A (NDeo ~C(P)
i gn(CSQH ) lig gn(CSQ” ) non-lig
a (8-40)
o= v (Nl)so _I A (Nl)so
fn(cs%.s ) lig fn(ch” ) non-liq
T valf),) Cody(N))gy, (CR)][ .....(8-40)
CofyN ) N(CR,) Valtn(CR) | e

) VN o — V(N1)60
MCR ) lig MCR;) non-lig

Lai 0% <FC<10% 10%<FC<20% 20%<FC<30%
30% < FC <40% SPT

0% < FC <10%

592 0% < FC <10% 58
70

V, =0.9450876 - \/(N )5, —2.406358 - /n(CSR, ;) 7.802606 - C(p)....(8-41)

a=1.917175

8-24



C(P)

C(P) =1.95815-erf (1= 2P) = 0.9585875 oeveeveeeeereeeererren. (8-42)

10% < FC < 20%

592 10% < FC <£20%
77 95

V, =1.107534 /(N ),, —2.245728 - (n(CSR, 5 )-8.116554 - C(p)......(8-43)
a=2.354608
C(P)

C(P)=2.170073-erf "(1=2P) —=1.177304 ....oovvevrreeeeecreeeeeeeeene (8-44)

20% < FC < 30%

592 20% < FC <30%
64 32

V, =0.8621721-/(N,), —1.503677 - (n(CSR, ;) 5.65012 -C(p) ....... (8-45)

a=2.171423

C(P)
C(P)=2.08395-€rf (1=2P) = 1.085711 veeevereeeeeeeeeeeeeeeeerereen. (8-46)

30% < FC <40%

592 30% < FC <40%
37 29

V, =0.8938813 /(N )4, —1.403875 - (n(CSR, ;) 5.443882 -C(D)....... (8-47)

8-25



a=2.078286
C(P)
C(P)=2.038767-€rf "(1=2P)=1.039143 ...ovvooeeeeeeeeeeeeeeeererens (8-48)

0% < FC<10%
10% <FC<20% 20%<FC<30% 30% < FC <40%

8-7~ 8-10 C(P)=0
8-11
CRR7.5 = CSQ?S CRR7.5 (Nl)éo
CRR,, = exp[(0.3865548+0.0072398 - FC),/(N, ), 8-49)
~(3.3597395+0.0186297- FC —0.0001093-FC*)]
C(P)=0 p
0.2
p=0.15 8-12
CRR;  (N))
CRR . =exp(0.3865548+0.0072398 FC),[(N, ), (8-50)
—(3.6762598 0.0150227 FC+0.0020571 FC? —0.0000343 FC*)]
8-11 8-12 c(P)=0 p=0.15
(N))g CRR 30% < FC < 40%
20% < FC <30% 10% < FC < 20% 0% < FC <10%
(N)eo S5( C(P)=0 )
(N)g <8 ( p=0.15 )
CRR,,
c(P)=0
CRR; (8-49) CSR; 5 (8-33)
Fs

8-26



Fo = CRR . /CSR ¢ woveeeeeeeeeeeeeeeeeeeeee s (8-51)

p=0.15 ,
CRR’ | (8-50) CSR7s
(8-33) =
Fo ZCRR . /CSRy 4ttt ettt ettt ae e (8-52)
8.34 Lai
FS
Fe (Juang et al., 1999)
_ f (Fs) 253

LB f,_(FS) N fNL(FS) ................................................................. ( )

PLB

fL(FS) FS

fu (Fs): Fs

(8-49) (8-52) ,
Fe Fg 8-13 8-14
8-13 Fe F
F R 14 s
Fe Fe
fL(Fs)  fu(FS)
2

~ 1 |[Fs-0.763 )

fL(Fs)= 0.188 % 87 *F exp[ 5 (—0.188 ] ] .......................... (8-54)

8-27



2
\ 1| +Fs —0.678
fL(Fs)= EXP| — = | T | | eeeeeernreeee e 8-55
R REIEN T p{ 2[ 0.171 ” (8-55)
fNL(FS) fNL(FS*)
1 1( ¢n(Fy)—0.485)’
fu (Fs) = -— e T IS 8-56
w (%) 0.511*FS*\/27reXp{ 2( 0.511 H (8-56)
* 2
. 1 1( tn(FS)—0.260
fu (Fs)= -— S | 8-57
w(Fs) 0.513*F§*«/27zexp[ 2( 0513 M (8-57)
(8-54)-  (8-57) (8-53)

(Pe,Fs)  (P&,Fs)
(8-58)-  (8-59) 8-15(R*=0.99, R>=0.99)

1

R e ey T TSP T N URPRPR 8-58
" 140.6(Fs)’ +0.4(Fo)" (8-58)
1
Pg = - o eeeeeeteeeeeisreereeeeeeeeeeseenaarrrreraeeeeeaaaannnn 8-59
H 14 1L5(FS ) +1.9(FS)E (8-59)
8-15 C(P)=0
Fo=1 Ps=0.5 p=0.15
Fs =1

P, =0.23

8-28



GSR

0 10 20 30

87 0% FC 10%
(58 70

40

P

8-8 10% FC 20%
(77 95

8-29
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2 FC 30%

0 10 20 30 40

89 20% FC 30%
(64 32

3000 FC 40%

0 10 20 30 40

8-10 30% FC 40%
(37 29

8-30

50

50



FC=33%  Fe=15%

0

8-11 FC=5%

5 10 15 20 25 30 35 40 45 50
v (N o

FC=15% FC=25% FC=35%
-C(P)=0

0

8-12 FC=5%

5 10 15 20 25 30 35 40 45 50
v (1No

FC=15% FC=25% FC=35%
(P=0.15)

8-31



8-14

CUMULATIVE PROBABILITY, %

CUMULATIVE PROBABILITY, %
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o
o

99
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N O

A

IIIIIAIII

A

A Liguefaction

IIjIlIIIIIlIIIIIlIIII

0.5

1.0 15

SQRT(FS)

JFs

n
o

O Nonliguefaction

2 3456789

0.1 1

2 3456789
0 10.0
Log(Fs)

Fs
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0. Jo---\ f ' C(P) =0 k F-s----r{ PLB)
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