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LIQUEFACTION ANALYSIS REPORT 

Project title : Proposed Industrial Building 

CPT file : CPT-4 

Input parameters and analysis data 
Analysis method: B&I (2014) G.W.T. (in-situ) : 
Fines correction method: B&I (2014) G.W.T. (earthq.): 
Points to test: Based on le value 
Earthquake magnitude Mw: 6.85 

Average results interval: 
le cut-off value: 

Peak ground acceleration: 0.81 
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Liq, efact'on : i i 

Location : Long Beach, CA 
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Use fill : No 
Fill height: N/ A 
Fill weight: N/ A 

Clay like behavior 
applied: Sands only 
Limit depth applied: Yes 
Limit depth: 50.00 ft 

Based on SBT 
Trans. detect. applied: Yes 
K0 applied: Yes MSF method: Method based 
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Normalized friction ratio (%) 

Zone A1 : Cyclic liquefaction likely depending on size and duration of cyclic loading 

10 

Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground 
geometry 
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening 
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity, 
brittleness/sensitivity, strain to peak undrained strength and ground geometry 
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This software is licensed to: Southern California Geotechnical CPT name: CPT-4 

Estimation of post-earthquake settlements 
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Abbreviations 

q : Total cone resistance(cone resistance qccorrected for pore water effects) 
le: Soil Behaviour Type Index 
FS: Calculated Factor of Safety against liquefaction 
Volumentric strain: Post-liquefaction volumentric strain 
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Procedure for the evaluation of soil liquefaction resistance, NCEER (1998) 

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. The 
procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER 
Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a 
flowchart1 : 

r 
4; : tip~ r, : dccve mction 

- '°' \'O • -a o: • • in shu wrticaJ total and effective stress 
units : an m kPa. 

r ~ 
inilials.ken.~:n=l,Omuic:ak.wateQ.P.andl0 

iffc:S: 1.64, n=O.S 
if 1.64 < 1c < 3.30. D: Oi:,-1.64)0.3 + 0.5 

iffc2 3.30, D • 1.0 
itetaae until die ebange m a. 4n < 0.01 

\,. 
if avo' > 300 kPa, Jet a= I .0 for all soils 

.,) 
. 0 • '\tpdated from 

Robertson and 

c.-(~J Wride (1998) 

... ,j ,, .. 
r -,. 

Q - (q, -crm) .c F= I,. ·100 
100 " (qc-Gw) 

'-
le= .Ji3.47-logQ)2 +(l.22+logF)'] 

_) 

I 

r 1" ' 
ifle S 1.64. Kc= 1.0 

if 1.64 < f.o < 2.00. Kc = -0.403 Ic 4 + 5.581 Ic' -21.63 1c2" + !l.75 :Io- 17 .88 
if lo .t :U,O. evaluate ming Olbet criteria; likely~ if F > I% 

JU.IT. if I.64 < 1c < 2.36 mM! P < O.S«i, set Kc= 1.0 
..) \. 

• [ (qdN) C$ = KCQ ] 
... 

r ~ 

CRR15= 93-[<~;:;" J + 0.08. if so ,: (q.tNk < 100 

CRR,.s=0.833·[ (ioo!" ]+o.os, if(tL.J.Nlcs < 50 

'°" if le .l!: 2.60, evaluate using other criteria; Jibly nollliquffiable if P > 1 %-' 

1 "Estimating liquefaction-induced ground settlements from CPT for level ground", G. Zhang, P.K. Robertson, and R.W.I. Brachman 
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Procedure for the evaluation of soil liquefaction resistance (all soils), Robertson (2010) 

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. This 
procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER 
Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a 
flowchart1: 

CPT 
qr,f.,aw, CJ'vo.p.= 1 atm 

'811 same units as Pa . 

• 
Initial-. exponent: n - 1.0; calculate Q... F.., le 

n=0.381(1.,)+o.o{ :: )-o.is 

nSl.O 

~ until change.in 1\ &l S 0.01 
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c.-(~r 
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- I _j__ 

1es2.so 2.so <1e<2.10 lc~2.70 
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Ifie~ 1.64, Kc= LO , 

When 1.64 < le S 2.60 
Kc-5.58Ie3-0.403 Ie4 -21.63 Ie2 +33;751e-17.88) K =6xlo-'(I 

C 4 

If 1.64 <le < 2.36 AND. F, < 0.5%, set Kc= 1.0 

J, 

Qia.c,"" Kc. Qm -

! 

~J =9{~~r +0.08 CRR.,J =0.05 

SO~Q ... ....,~160 

1 P.K. Robertson, 2009. uperformance based earthquake design using the CPT", Keynote Lecture, International Conference on 

Performance-based Design in Earthquake Geotechnical Engineering - from case history to practice, IS-Tokyo, June 2009 
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Procedure for the evaluation of soil liquefaction resistance, Idriss & Boulanger (2008) 

qc: tip resistance, f5 : sleeve friction 
Ovo, Ovo': in situ vertical total and effective stress 

qc1Ncs = qc1N + ~qc1N 

where: 

m = 1.338 - 0.249 x (Qc1N)°·254 

iterate until change in m, 1\m < 0.01 

CRR~75 • _1 = 0.8Q:x_,;LxK0 
• ,O'vo- Ovn 

( ).63 9.7 j 15.1 )') 
A. -(s 4 qclN) + Fc+0.01 lFc+0.01 
uQc1N - • + xe 

16 
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Procedure for the evaluation of soil liquefaction resistance (sandy soils), Moss et al. (2006) 

CPT 

Initial estimate using raw tip measurements, friction 
ratio. Calculate q1,1, Repeat until an acceptable 
convergence tolerance is achieved. 
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Procedure for the evaluation of soil liquefaction resistance, Boulanger & Idriss(2014) 
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements 
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1 Flow chart illustrating major steps in estimating liquefaction-induced lateral spreading displacements using the proposed approach 
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1 "Estimating liquefaction-induced ground settlements from CPT for level ground", G. Zhang, P.K. Robertson, and R.W.I. Brachman 
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Procedure for the estimation of seismic induced settlements in dry sands 

Average shear stress , T.v 

'tsnr = CSR • • cr,,0' = 0.65 -~- cr,,o • 't~ 
g 

• Estimate small shear strah1 moclulus , c; 

G O = 0.0188 -l10(0..S5l.-l.68)J-cqt - cr,,) 

.. 
Estimate shear strah1 amplitude, r 

(base cl on Praclel (1998)) 

y = • R • 100 (%) [
l+a. ·ebR ] 

1 + a. 
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Go 

a.= 0.□389 ( :: )+ 0.124 

b = 15400 [ :: 1 
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[ 
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I:1101 = c1101(15) • tf" 
Ne =(M-4)2.11 

• Seismic settl ement, s 

(WIT 

s = 2 • [I:1101 • dz 

Robertson, P.K. and Lisheng, S., 2010, "Estimation of seismic compression in dry soils using the CPT" FIFTH INTERNATIONAL CONFERENCE ON 
RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in honor of professor I. M. Idriss, San 
Diego, CA 
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Liquefaction Potential Index (LPI) calculation procedure 

Calculation of the Liquefaction Potential Index (LPI) is used to interpret the liquefaction assessment calculations in terms of 
severity over depth. The calculation procedure is based on the methology developed by Iwasaki (1982) and is adopted by AFPS. 

To estimate the severity of liquefaction extent at a given site, LPI is calculated based on the following equation: 

where: 
FL= 1 - F.S. when F.S. less than 1 
FL = 0 when F .S. greater than 1 
z depth of measurment in meters 

20 

LPI = [ (10 -0,Sz) X FL X dz 

Values of LPI range between zero (0) when no test point is characterized as liquefiable and 100 when all points are characterized 
as susceptible to liquefaction. Iwasaki proposed four (4) discrete categories based on the numeric value of LPI: 

• LPI = 0 : Liquefaction risk is very low 
• 0 < LPI < = 5 : Liquefaction risk is low 
• 5 < LPI <= 15 : Liquefaction risk is high 
• LPI > 15 : Liquefaction risk is very high 

Fr 
0.-0 LO 2,0 
o.--------

...5l.._ 

5 

.s::. 
"§. 
0 

15 

Graphical presentation of the LPI calculation procedure 
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Shear-Induced Building Settlement (Ds) calculation procedure 

The shear-induced building settlement (Ds) due to liquefaction below the building can be estimated using the relationship 
developed by Bray and Macedo (2017): 

Ln(Ds) = cl + c2 * LBS + 0.58 * Ln (Tanh (:L)) + 

4.59 * Ln(Q) - 0.42 * Ln(Q) 2 - 0.02 * B + 
0.84 * Ln(CAVdp) + 0.41 * Ln(Sal) + E 

where Ds is in the units of mm, cl= -8.35 and c2= 0.072 for LBS ~ 16, and cl= -7.48 and c2= 0.014 otherwise. Q is the 
building contact pressure in units of kPa, HL is the cumulative thickness of the liquefiable layers in the units of m, B is the 
building width in the units of m, CAVdp is a standardized version of the cumulative absolute velocity in the units of g-s, Sal is 
5%-damped pseudo-acceleration response spectral value at a period of 1 s in the units of g, and £ is a normal random variable 
with zero mean and 0.50 standard deviation in Ln units. The liquefaction-induced building settlement index (LBS) is: 

LBS = L W * Esnear d= 
z 

where z (m) is the depth measured from the grouna surrace > u, w 1s a rounaat1on-weighting factor wherein W = 0.0 for z less 
than Df, which is the embedment depth of the foundation, and W = 1.0 otherwise. The shear strain parameter (£_shear) is the 
liquefaction-induced free-field shear strain (in %) estimated using Zhang et al. (2004). It is calculated based on the estimated Dr 
of the liquefied soil layer and the calculated safety factor against liquefaction triggering (FSL). 
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