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Case
Histories
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Outline

Soil Liguefaction Definition

Surface Manifestations

Assessments Steps in Ligquefaction Engineering
Potentially Liquefiable Soils

Assessment of Liquefaction Triggering

Capacity Terms

In-situ Index Test vs. Relative Density

Demand Terms
Duration and Frequecy of Shaking

Static and Cyclic Stress States
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SOIL LIQUEFACTION DEFINITIONS (FIEI

Significanteductionin shearstrengthand stiffnessdueto
INncreasan pore water pressureX

SurfaceManifestations

VerticalArraysX Changen Frequency 2 YV (1 Sy 0 X
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SOIL LIQUEFACTION MANIFESTATIONS (F

Source: NISEE
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SOIL LIQUEFACTION MANIFESTATIONS (F

Source: NISEE
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SOIL LIQUEFACTION DEFINITIONS (LABOR/
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SOIL LIQUEFACTION MANIFESTATIONS (LABOI

A strain-basedthresholdX
Anexcesgore pressureratio-basedthresholdX

Development of banankopsX
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SOIL LIQUEFACTION MANIFESTATIONS (LABOI
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SOIL LIQUEFACTION MANIFESTATIONS (LABOI
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ASSESSMENT STEPS

1. Assessment of the I|iwxelihood of Atriggeringo
or initiation of soil liquefaction.

Susceptible Soil€- Assessment of post  -liquefaction stréfigéta@tion Triggering Relationships
overall post -liquefaction stability.

Free Field Structural -induced

3. Assessment of expected liquefaction  -induced
deformations and displacements.

4. Assessment of the consequences of these
deformations and displacements.

5. Implementation of engineered  mitigation, if
necessary.
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SUSCEPTIBLE SOILS (FIELD)

For Soils of Uniform Grading

5100
$ wf
2751
&
=
L 50+
% o |- Liquety [8c) dField performancealataobtainedhearthe
& o stronggroundmotionearthquake
0.0l1 0.1 1.0 10
20} observatiorstatiord
|00, For Well Graded Soils 5

1964NiigataEQ, Akita Port, 1975Miyagt

=]
in
i

Critical N=value

ken-oki,

! 5 Bﬂofla"ﬂ
Eqailr_f_-!_imefy I / /‘M 1983NihonkatChubu

(Be) 0 L L ! ! I
0 100 200 300 400 500
Max. Accel (Gal}
A

001 ol L0 10 Tsuchida(1970),lai et al. (1986, 1989
Clay | Silt | Sand [ Gravel
Particle Size {mm)

Percentage Finer by Weight
o
T

AN

]

K.T.M.M.O.B.
Eﬁﬂ iINSAATMUHENDISLERIi ODASI North Cyprus
CHAMBER OF CIVIL ENGINEERS ——

BAU Behsesehic - @ ' ) 0DTil ~ [T 14 -17 Fyliil 2022
Crp Wbvaesty ' ; NIVERSITS = §.2_ J& ey 14 - 17 September 2022




SUSCEPTIBLE SOILS (FIELD)

1. Percent Finer than 0.005mm < 15%

2. Liquid Limit(LL) = 3% &ChineseEQ field performancelata

3. Water Content (W) =09 xLL Clay < 5 microns

_ 100 W LL by fall coneasopposedo Casagrande

S :

= percussiommethod
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SUSCEPTIBLE SOILS (FIELD)

Liquid Limit < 32 (1) Liquid Limit = 32
Clay Content < 10% (2) Susceptible Further Studies Required
(Considering plastic non-clay
sized grains - such as Mica)
Clay Content = 10% Further Studies Required Not Susceptible
(Considering non-plastic clay sized
grains — such as mine and quarry
tailings)

MNotes:

1. Liquid Limit determined by Casagrande-type percussion apparatus

2. Clay defined as grains finer than 0.002mm
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Modified ChineseCriteria
wc/LL > 0.9 eliminated

AndrewsandMartin (2000)

North Cyprus

14 -17 Eyliil 2022
14 - 17 September 2022



SUSCEPTIBLE SOILS (FIELD)

Silt Sand Gravel p—
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Grain size distribution curves of susceptible, cogmrsened soils from SPT databas®dthe proposedrobabilistic
boundaries Cetin et al. (2022)
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SUSCEPTIBLE SOILS (FIELD)

U The median soil behavior index &long
with its standard deviation were
probabilistically assessed benefitting from
themaximum likelihood framework .

100000 [

100,00

U The resulting database and the
boundaries corresponding to different
confidence levelsare also comparatively
shown with CPTbased soil classification
boundaries oRobertson (2010), and Cetin
and Ozan (2009).

1000 F

Normalized Cone Tip Resistance, Q

| O Nonliquefied
| ® Liquefied
A Marginal

1.00

0.10 1.00 10.00
Normalized Friction Ratio, R;

CPT-soll classificatioAbased liguefaction susceptibility boundary curves
Cetin et al. (2022)
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SUSCEPTIBLE SOILS (FIELD)

100.00 .
U The median soil behavior index &long
2 with its standard deviation were
S probabilistically assessed benefitting from
F U themaximum likelihood framework.
g . U The resulting database and the
= Lo o boundaries corresponding to different
= 1.00 F =7% 7 s {\ V) i i
e 5 oo, AT confidence levelare also comparatively
= i —1 S0 F F . . . -
5 ' o Noniquesied e f;’ shown with CPTbased soil classification
= | ®Liquefied ~ PI25% © v boundaries oRobertson (2010), and Cetin
: PI=35% ~«
8 010 AMargimal = " prson, and Ozan (2009).
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Normalized Friction Ratio, R;

CPT-soll classificatioAbased liguefaction susceptibility boundary curves
Cetin et al. (2022)
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SUSCEPTIBLE SOILS (LABORATORY)
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SUSCEPTIBLE SOILS (LABORATORY)

Applacable for
(@) PC & Mt f PL=1r%

b FO = 35% 8 PI<1 2 Adapazarsilty-clayeysands

1999 KocaelEarthquake
Cyclic Triaxial Tests
CSR=0.3,0.4,0.5
3 % SingleAmplitude Axial Strain

—Zoue B Tesraf w, = 0. 85(LL)

Pl [Plasticity Index)

———fone A’ Potennally Lugwetiable
of v = OB{LLY

il a7
o0 10 20 30 40 50 60 0O &0 90 100
LL (Liguid Limit)

Seecet al. (2003)
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SUSCEPTIBLE SOILS (LABORATORY)

50

40 - .
= Adapazarsilty-clayeysands
X 30 - 1999 KocaelEarthquake
L*)
i Not Susceptible Cyclic Triaxial Tests
2 2 CSR=0.3,0.4, 0.5
a Moderate 3 % SingleAmplitude Axial Strain

10 - _

Susceptible
0 . . .
0.4 0.6 0.8 1.0 1.2 1.4
w/LL Bray andSancio(2006)
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SUSCEPTIBLE SOILS (LABORATORY)

Sandlike vs. Clay-like
Sandlike soilscan beassessedith
simplified liquefactiontriggering

assessmemhethods
CRR s v

Boulangerandldriss(2006)
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SUSCEPTIBLE SOILS (LAB

ORATORY)

Bilge (2010)

40 60
Liquid Limit, LL

80 100

SILT GRAVEL

30 -
_ ,’ |  © Liquefiable
Cyclic 09 /! © Non-iquefiable
Mobility / .
P%terbt'al o Sampledested i
Mean-1s 2
20 7] = n_l:
, \Mean boundary
P (%) Mean+1s 0
Cyclic 100 ~CLAY
Liquefaction
10 - Potential c 80
e ° Grainsizedistribution £
5 40
@ o (¢} o
’ ° ® g
' 20
) 0
O 1 1 T T 0.001
0.0 5 1.0 L 1.5 2.0 2.5
i o o w s g ey [0 OTE X Uk & O T T T
V[DL QNI 01 WA § Qg Qe Qccxb
TP TP
K.T.M.M.O.B.

iINSAATMUHENDISLERIi ODASI
CHAMBER OF CIVIL ENGINEERS

L o= L swes ) wsvce
i (& i \ DDTU ULUSLARARASI . :
iMmo BAU &7t % {;‘é}} (' METU 6 CD — ’ 1

0.1 1 10 100

Particle Size (mm)

CetinandBilge (2014)

North Cyprus

14 -17 Eyliil 2022
14 - 17 September 2022



Outline
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LIQUEFACTION TRIGGERING (FIELD)

0.8 1.2

Developed based on available F$207 10 15
: : L = 80% 20%
liquefaction case histories. - PL= 959, 50% 5%
" E @ Liguefied
- O Nonliguefied
E A argina
ASPT osf o0
ACPT >
" - o
AShear Wave Velocity P4 o 9§
T o ., | CapacityTerm A SPT,CPT, VST
- L U
EPIF j o
A boundary zone (not a line) =1k ¢ ~DemandTerm A CSR
: : . . 2 3 oc Liguefaction Resistance CRR
differentiates liquefied and = b2 E . b A
: . & s o
nonliquefied cases. : °
0.1 F &/
- E o
Uncertain boundary, probabilistic E o
[Lu EETTTTEE | TR TTETT  FTTTETTET L i diis (T TET TR

approach needed. 0 10 20 30 40 50
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LIQUEFACTION TRIGGERING (FIELD)

o 0.8 1.2
FS=07 10 15
P = 80% 20%
L 95% 50% 5% o
0.6 0.6 F,=95% 50% 5% -
E @ Liguefied " P,=95% 50% 5%
O Nonliguefied M — ? 5 L F ] 85%15%
& Marginal 0.60 i :
0.5 F 05 0.5 o =100kPa * °
¥ e
. : 0
rIl 0.4 - c b 0.4 o
= : 00 [ i J
= i 0.40 palew ® /00O OO
T E o - * - e jC o
= : o [ 4 o A 2
£ 03 F d o wm 03 w Liquefaction a ©
S p© @] o o
1l
r:'.:; C Y £ 00 02
02 ; } ;
,;,U-; E _. 0g © 0.20 .« ®
- 0.1
0.1 5 No Liquefaction
3 0 0.00
0.0 Bt bt e 0 0 100 200 300
qc,1,mud {M Pa)

SPT-Based Liquefaction CPT-Based Liquefaction V.-Based Liquefaction
Triggering Correlation Triggering Correlation Triggering Correlation
Cetin et al. (2018) Moss et al. (2006) Kayen et al. (2013)
1960 K.T.M.M.O.B.
INSAAT MUHENDISLERI ODASI North Cyprus
CHAMBER OF CIVIL ENGINEERS e _ 5
imo BAU &reiehy | /} | METU /() CD Coh= | 1 _“:7'151:{;“""532;022




CAPACITY TERMS (FIELD AND LABORATC
Sty et

(1986) C C,
100 G = effective vertical stress
Qa = (Qe/ pa)/ (0'/pa)™?
= normalized CPT resistance, corrected for overburden
80 pressure (more recently defined as Q,, using net cone
resistance, qq )
Pa = reference pressure of 1 tsf (100kPa), in same units as q. and
— B0 O'vo
= Q@ = cone penetration resistance (more correctly, qr)
n”‘ i For moderately compressible, normally consolidated, unaged and uncemented,
40 S predominantly quartz sands the constants are: Co =157 and C2=2.41.
= = == Skempton (1988)
- —=— Tokimatsu and Seed (1984) Kulhawy & Mayne D2— Q.
—#—Boulanger&ldriss (2004) (1990) T 305 Qc Qocz Qu
—4—Holiz&Gibbs (1979) Qcn and p, are as defined above
- i ! Qc = Compressibility factor ranges from 0.90 (low compress.) to 1.10
0 10 20 30 40 50 (}_ugh compress.)
N 60 cs Qacr = Overconsolidation factor = QCR%!3
o . Qa = Aging factor =1.2 + 0.05 log(t/100)
Based on recommendations
of Boulanger & Idriss (2004) Based on recommendations of Boulanger & Idriss
(2004) Dy +106.3 | 3788
N, g0.cs = 0.0046D% el _(ZRT D
P, 478
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DEMAND TERMS (FIELD)

(fmax)

a MAX | MUM """ It
by SHEAR STRESS _ 0 ( max),

: Simplified Procedure, Seed and Idriss (1971)
b | el 5 Sb
=+ max)r
¢
i CSR 10000 75 = 2 =065 T G, B~ 6= O
i max \ | av =100a=0,M,,=7.5 Sy g S @
(a) (c)
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DEMAND TERMS (FIELD)

Thuadpz)=sin(3 EEE)

. 0 02 04 06 08 10 OO, .- % et m’ﬂ?y
i h 4 Ryt i
Nonlinear Shear ; :
- - '] o) 0]
Mass Participation i
g 89 2 u
Factor (r 4) G E
£ o ] R e ]
& R ..(:sz-z-«:
i ipmparep e N1 -1 | N
- :m.rwtl-l—_--llkl-
g e )

Iwasaki et. al. (1978) & Ilwasaki (1986)

Ishihara (1977)

~0.85 Stress reduction coefficient, r, ~0.95
000 ook 14 N 03 04 ns 06 nr X na 10
1] ] LB L B B B B R ]
i " - Lasley etal (2016) wia Vg, WUS:
1 s 1 1 | 1 1 d M, =55
T T T T
20 20 = r ) awmdnmw-ml_ 1 5 M, =73
1877
sl i S00d & furiss (1971) > 1 — Lasley et al. (2016) wy/q Vy,,, CEUS:

» - 30 N 5 [ IR S Gl = A [ (—— M, =5.5
sewl © E "’ [ I S SN A M-+ Y (N [ (E— M, =75
£ | = S; [ / ] E 0 : Cetin (2000) wio Via:
|4 . I ! — £ :
& £ 50 § 1B ¥ ¢ —— M, =35 PGA=0.lg
§ 3 - 3 m: —— M, =7.5; PGA=0.3g

© d 7 7 AT 3 a9
g w % [ waywiuww, - an o= an M-TH M-8 1 - Tdriss (1999):

ol b & | /] / ) / SN B B N M, =5.5

24 i
“ / / LY NN TN O BN M, =75
Ll 2 . | |, | | [ jao and Whitman (1986)
20 /
» » iRy
op 02 04 06 08 Lo
100 " 1 " 1 " 1 i | I 100 Fa
Depth of Sond Depost = 100 f; Dr = 40% 0

Lasley et al. (2016)

Input Motion Mognitudes = 6.3

Seed & Idriss, 1971
Idriss, 1999

@ K.T.M.M.C Golesorkhi, 1989 Imai, 1981
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DEMAND TERMS (LABORATORY)

Teyclic
o

CSR =

!

Km.:;" : KM,, : K::r

CSRSS 20.1-D Yatm

K, ,=0361-1n(D,)—0.579 1-D vs. 3-D Loading
© - 871 _ _
M, Ty Magnitude to Number of Equivalent Cycles
V7
K :( *}] and f=1-0.005-D, Effective Confining Stress Differences
’ F,
K.T.M.M.O.B.
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DEMAND TERMS: FIELD TO LAB TRANSITI

] — A Consolidation conditions
Some important A Loading direction
factors A Duration of loading
= A Frequency of loading
A Acting stress conditions

Consolidation conditions )
_AMembrane compliance

Isotropic or anisotropic consolidation ?

Loading direction

'II - - - - -
T = o | 8¢ Multi - or uni -directional loading
g 20
field triaxial CSR |, = CSRge
= Krru:l

Peacock and Seed (1968) o 0.55 for ko = 0.4

: 1 - 2K
Finn, Bransby, and o= — © : 0.6 for K, = 0.4 K]nd=0-361 IH(DR) - 0.579
Pickering (1970)

Wu et al. (2003) based on
Seed and Peacock (1971) o= varies from 0.55 to 0.72 findings of Kammerer (2002)

depending upon relative
density, Ko = 0.4

Castro (1975) o= ——+—C% =9.7 for K, =0.4

a=1.0forK,=1.0

Seed (1976)

North Cyprus

Pl 14 -17 Eyliil 2022
= L e 14 - 17 September 2022
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CSR{:'\'=I atm, =0, Mw=T75

Correction for durational differences (K

DEMAND TERMS (FIELD): DURATION SCAL

e 0.8 1.2
FS=07 10 15
P = 80% 20%
L 950, 50% 5%
0.6 ¢ :
t @ Ligoefied
E 2 Nonliguefied
3 A Marginal
05 [ P8
0.4 o
: o
; o
0.3 2 Q
i 00
e _ Oy B
0.1 F
[ s}
F [
[LD L. 1 L 1 1
0 10 20 Jo 40 50
Njs0.cs

CRR curves for different P  and FS
values (Cetin et al., 2018)

MW)

%W cSsrR=| L | =065
| &

g

CSR;M“. =1.5.0', =lam, a=0

M,=7
rq: Mass participation factor
[ Kuw: Magnitude (Duration) scaling factor ]
K4: Correction for overburden stress
M, =7.5

K,: Correction for sloping sites

iMmo

K.T.M.M.O.B.
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DEMAND TERMS (FIELD): DURATION SCAL

Magnitude scaling factors recommended by various researchers as given in NCEER

imo

Magnitude (Duration) Scaling Factors (K ;) (1997)
Seed and _ Andrus
. . _ Idriss  Amraseys Youd and Noble
Number of representative cycles for various M Idriss and Arango (1996)
moment magnitudes and magnitude scaling (1982) (1999)  (1988) @ oe P <20% P, <32% P <50%
aclorproposedy Seedet - 0550 I
Number of [(Q,/G 9, for 6.0 1.32 1.76 2.20 2.1 200 1.65 1.93 2.35 2.92
Fartiquake represertative  M=MJ .
magnitude, M cycles at 0.65 [(Q,/G 9, for 7.0 1.08 1.16 1.30 1.25 1.25 1.10 1.00 1.20 1.39
G V=7-172] .
7-1/2 E 1.0 I
35 | | I Cetin and Bilg (2012) i
etin an lige
Tmax (%) Cetin and Bilge ———-— Seed& Idrissg(1982)
. 3.0 ” (2012) — — —  Cetin etal. (2004) L 30
Andrus& NCEER e — E’E?i" T::;-g()ﬁmﬁl
T '_ T Stokoe(1997) - ldriss
. . P <50% ‘*\ ' EEEEEE%%%E:S - 25 ; L _— gzﬁf:nl;tear::l“;o:::iss 2012) [ 23 Magnitude—
Previous recommendatlons'for ‘r e " Kimattasg) b correlated duration
magnitude-correlated duration \ LY ..:..323?5:?5335?:'?}{339%ﬁt:éﬁ& el weighting factor
weighting factor, with W | MR, A ——mecue 1 Cetin et. al. (2018)
H H ; //\‘ ) ange of recommendea 5 ] ) )
recommendations from Cetinet.al. & | m.ssm“@{{% DN o NCEER !
(2004) loriss, (2000 - 7 O Workshop (1987)
K.T.M.M.O.B. ) ’ 1 Seed“aggzl’ms'*"- 107
iINSAAT MUHENDISLERI ODAS qie | | ‘ | | North Cyprus
(a) M. Moment Magnitude, M,, 14 - 17 September 2022




DEMAND TERMS (LABORATORY): DURATION S(

Duration Scaling : Number of Cycles @ ;
Number of representative cycles for various T e
moment magnitudes and magnitude scaling Mathematical Forms
factor proposed by Seed et. al. (1984) In(N) = In(£,(My) * fo(m) = fo(Rip- Rnoar: Rfar-Voo) + fa(Rjp) + f5(X.8.7.0) ~ 0.00616) £ o,
., o . [Bxp(z.mi:iﬂtﬁgitfon_stl))_%
Number of [(U,/u 9, for f,) = ig“ﬂ*ob; 5.0 < M, < 8.0
Earthquake representative M=M]/
~ fo(m) = 0.75088 + exp(1.62563 + m) 025=m=1.0
magnitude, M cycles at 0.65 [(U,/G 9, for
Qnax M=7-1/2] Fs(Rjbs RnoarsRar: Vs,30) = (0.00858 » Ryp, *117¢7 + 0.00309) + V, 5 120m/s = Vg 30 = 2000m/s
0 Rjp = 1km
7-1/2 15 1.0
0, ij = Ruear
f5(X.68,v,0) = {—0.015«59 + 0.32111 « X + cos@, strike — slip B
0.18202 — 0.23572 + Y * cos®, dip —slip ~ 17~ Bnear
RJ
0.00011 Rjp < Ruear
Ryp; = 4 0.00011 + (0.00024 — 0.00011) « (Byp = R"”".)/(Rfm‘ — Rynar) Rear < Rjp < Rfar
Rjp §
0.00024 “% Rfar‘ = ij
g = ! 365 km = Rjp Cet|n et. al (2021)

R %% 4075677

@ K.T.M.M.O.B.
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DEMAND TERMS (LABORATORY): DURATION S(

Duration Scaling : Number of Cycles @
3-D vs. 1-D Loading

Time (sec) Time

Loading direction
Multi - or uni -directional loading

K,q=0.3611n(Dg) — 0.579

Wu et al. (2003) based on
findings of Kammerer (2002)

1-D Harmonic

2-D or 3-D Transient

North Cyprus
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DEMAND TERMS (FIELD): STRESS SCALI

Correction for overburden stress differences (K )

06 o T, a | a. | 1
w 29 CSR=| -2 | = (.65 —max |, v ¥y
PercentFines=3? 1:5 <5 G-.'H:' g . G-.'bﬂ Kﬁ' . o . K-j..flt-‘
g 04 m—F CSR
) ! 5= M =750 =lam, a=0
= 1 =30 k H =My =
IE Lh_\:l!“‘“CRR curves for 5,15, and SQ Pa
g / 35 percent fines, respectively .
g o / s§ =100 kPa
z 59 =120kPa ry: Mass participation factor
5‘ 0.2
Kuw: Magnitude scaling factor
; FINES CONTENT = 5%
5165 Modified Chinese Code Proposal (clay content = 5%) ®
ma] No .
e P Ks: Correction for overburden stress
. By Workshop | Cmo dma 1 °| a
’ " Cometed Blow Count, Ny ” K,: Correction for sloping sites

CRR curves for 5, 15 and 35% fines

iMmo BAU Bchsssehir METU
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@ K.T.M.M.O.B. content (Seed et. al. (19
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DEMAND TERMS

Overburden stress correction (K

s)

12— [
| o
1 - ¥
. e 5 N
& —
g o Sardis Dam Shell = GIm -~~~ [Clean Sang” AN [T =
0.6 = Sardis Dam Foundation| | \S‘ceﬂ Koy,
I:I]S\&zc Rlvergasnd | ang Hﬂ!d:-r_"‘——_._ \-___1 = 00% |=0.0)
u 1 er (] —
0.4 gﬁgg }Elrfixoxg @',’;(}du o o, =
& o .
| Jesey Bk, l e (o™ ol e K
0.2 % Tailings Sand Dr=65 1 o S
E Ottowa Sand Dr=60 1.0 TSF =96 kPaI
0 PxOwowa Sand Dr=70
0 1 2 3 4 5 6 7 8 9 10 0
. ; 0 ] 2 3 & s 3 7 8 E] 10
Effective Confining Pressure (tsf) VERTICAL EFFECTIVE STRESS. 0’ (aum units, ¢.&. (51)
K, values determined by Seed and Harder (1990) Recommended curve
values offered by NCEER (2001)
.
12 = hd ksig-astgrl OLSEN 08721598
114 14
1.0 1.2
0.9 o
[N)ges=5
0.8 = 1 q‘\ _f
0.7 3 . \-_"'"---..-
X 06 o —]
. -3 =]
g H\_‘r____‘_
0.5 -3 06 n 715_’1
04 3 o e
03 4 - Wilger=25— B
A ploviated clean sands and sity sande ] (&)
0.2 4 - 0.2 o .=
@  undisturbad siity sands and sandy sits PP x — ’5
0.1 9| X montiampedgraven Ky=(8.) 5 S
T Olsen, 1984 0 - N0
0.0 AARAS RRARS MAAM) RARKS LAALS RARMS RARAE MALAN RAMMS MAAM) RASMY AEARST 0 2 4 6 8 10 g =
01 2 3 4 5 6 7 8 9 101112 13 14 Vertical effective stress, o',/P,

Vertical effective stress (atm units, e.g. tsf)

K; values determined by Hynes and Olsen (1999)

K.T.M.M.O.B.
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Cyprus University

Overburden correction
factor (K ;) relationship
(Idriss and Boulanger,
2008)
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1.2

100
75
50
25

Cetin et al. (2018)

/: lJlU"l ARARASI CD

Recommended
offered by Cetin et al. ( 2004 and 2018)

LARORATORT STEESS
STRENO™ TEITG OF
GEOMATIRIALY

curves f

or

North Cyprus
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B = = == Cetin et al. (2004) E
= Youd et al. (2001) D  =60%
° =— = = Youd etal. (2001) D  =40%
— Idriss & Boulanger (2010) D , =60%
e = = = |driss & Boulanger (2010) D , =40% 1
Montgomery et al. (2014)
®  D.=40%, g,., = 1.0% DA o
®  Dg740%, gno = 6.0% DA | gimple Shear Tests
| @ D,=60%, ¢,,, = 1.0% DA K,=0.5 i
o D,=60%, g,,,, = 6.0% DA Cetin and Bilge (2013)
1 1 1 cr
0] 1 2 3 4
1 1 1
[ L ,_l‘ —1 L L
0 1 2 3
1
s', /P

v al

(FIELD): STRESS SCALI
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1.2
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DEMAND TERMS (LABORATORY): STRESS S

Isotropic vs. Anisotropic consolidatiot
Confining Stress Normalization Differences ? Strain Dependency ?

0.3 2 3 20 30 140"]. . 2-514
045 o, =40KkPa | 100KPa 200kPa —04° ' '
N, =10 cycles
0.40 - 1 0.40
1.2 4 112
0.35 - 1035
0.30 - 1 0.30 T:“-ﬂ ] {10
o -
E 0.25 {025 5
0.2 3 - o
0.20 {020 08 0.8
01
0.15 4015
06 4 1086
0.10 {0.10
0.05 . : : ; . 0.05 0.4 | , } . 0.4
0.3 1 2 3 10 20 30 0.0 0.5 1.0 15 2.0 25
Number of Cycles, N s IP

Cetin and Bilge,

2013
K.T.M.M.O.B.
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DEMAND TERMS (FIELD) STRESS SCALII

Correction for sloping sites / initial static shear stress (K a)

CSR:[EJ;@_@.[HHMJ.[JW‘UJ.Fd. N
oy 4 o Kw_w
Free field a =0.0 \

CSR,,

w o

15,0 =lam, a=0

rq: Mass participation factor

Kuw: Magnitude scaling factor

Ks: Correction for overburden stress

[ K,: Correction for sloping sites

K.T.M.M.O.B.
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DEMAND TERMS (FIELD) STRESS SCALII

. . . . . . .
Correction for initial static shear stress (K ) oo y
— 35 l
NCEER 1998 Recommendations
2.00
S,'¢3 tsf F
150 Dros570% - -
(N1)s0® 14-2/2 -
7~
/ (1K) T T T
Ka 1.00 Dr° 45-50% Shaded area’ Seed and Harder (1990) ; :3: 0.0 0.1 1“-2 0.2
\\ (Ny)sc? 8-12 00 = ' o ' o
~ ~
0.50 - R 1.0 -
Dr® 35% RS o Vaid et al. (2001)
(N1)ec® 4-6 s - 2.0 D, (%)
I{ Cyolic triaxial lasts with D,=70%: J 0.8 R
0.00 . . . @ W ©5:7P,=7 & 16 (Vaid & Chem 1985} gn =
0 0.1 0.2 03 04 s -0 K s gg
a=(/ts) /’V’/ 2 _ SRR=yIT,
f -0.35 e
S 1 ol £ 1 D
.. . 1 __<)| R f [ R
InitialStatic Shear Stress T, norizonsal i O—1In 100p | 0.4 e . .
= . . = ) [ 016 | L Py Cetin & Bilge (2013)
Vertical Effective Stress C. 0.5 : '
Simple shear tests with 6P = o 05
AV Dg= r 1991 . T T T T T
O piens sen ﬁ:#’:il:',:‘m” J Boulanger (2003) b2 I P
0.0 I x z
0 0.1 0.2 0.3 0.4 SRR

K.T.M.M.O.B.
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DEMAND TERMS: FIHIAB CORRECTIONS

Acting stress conditions
Effective confinement stress & Initial shear stress

based on findings of K, = ( P; ) . f=1-0.005D, 4 =1267+ 6360 —634-exp(a)— 632+ exp(—0L)
Hynes & Olsen (1997) 2
b=expl-1.11+123 0> +1.31-In( @ +0.0001 )|

c=0.138+0.126-a0+2.52-a°

R

—0.0026 D5
(K, ) o = ]n[[%] [1+(0.078a% —0.1162)(D, —60. 1)]exp[ _ngﬂ]] +0.25

Cetin & B”ge ~0.0032D, :
(2013) (K, )0 = h{[ P] [1+(0396a2 —0.118a)(D, 38)]exp[ _8'2;'&“]} 0.196

q-.

R

|\ -00042D;
(K, o), = lnﬁ%) [1+(0.060¢> —0.0152)(D, + 54.4)]exp[wﬂ +0.158

R

Duration of Loading Cetin et al. (2021)

Liu et al. (2001)
Magnitude 7 Number of cycles correlations

¥ " 1
exp(d, + biim —m*))\ =
10l5m11|’>05
IniAN)=1In + 85, t+re. | e

49-10°B

exp(2. 176932 183 16(M,, —5.68))
o135, e

In(N) =1 ( ) *0.75088 * 162563 * — (0.00858 * R, +0.00309) *V, 5
n{N}=1In 4.9%1055 . exp| L. m {0 R, < Thom }

(a) Laboratory-based weighting factors
b, 1.89 + 0.16 6.50036*log(Rp) Ry = lkm
b, 1.61 + 0.13
. 0.668 + 0.389
o 0.081 + 0.013 0. Rp> Ruw ,
Standard error 0.37 T —0.01569 + 0.32111*X*cosh, strike — slip0.18202 — 0.23572%¥ *cos@, dip — slip, Ry < R ~0.006le
i . . X . . dip — slip, Rap < Ryeor

K.T.M.M.O.B.
iINSAAT MUHENDISLERI ODASI North Cyprus
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CLASSICAL CYCLIC TRIAXIAL TESTING SYST
A NOSTALGIC VIDEO

https://www.youtube.com/watch?v=m5_3KbQTqg_0

K.T.M.M.O.B.
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MORE ADVANCEIDIYCLIC SIMPLE SHEAR TES
SYSTEMS

Custom -designed and -built
3-D Cyclic Simple Shear Device
at Middle East Technical University

K.T.M.M.O.B.
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