



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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

flowchart!:

! P.K. Robertson, 2009. “Performance 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)

Ovo, Oyo': in situ vertical total and effective stress

g.: tip resistance, f;: sleeve friction

v

m = 1.338 - 0.249 x (qcyy)>**
iterate until change in m, Am < 0.01

1 v

Qeines =Gcin + Ay
where :

9.7 157 ]2
3+
FC+0.01 \ FC+0.01

1.6
AQiy = (5.4 + At j x e[

CRR =0.80x

M=7.5, O\o=1

v

CRR

M-7.5, 0001

2 \3 4
qcle+ qclNcs? | GerNes | | DelNes -3
540 67 ) 80 114 )
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Procedure for the evaluation of soil liquefaction resistance (sandy soils), Moss et al. (2006)

CPT

G, fs.l It

Initial estimate using raw tip measurements, friction
rato. Calculate g, PRepeat until an  acceptable
convergence tolerance is achieved.

.|:
R, Y2
f
c=f | —
|
[fB]

C

At 1=Cq 9t

:

CRR =exp

qt'?‘ﬁ +0; 1 0,110 R¢ )+ D001 Re)+c L +0.850 Re)-0.848 Infw,,, |- 0.002 -In[csv ]—20.923 +1,632 -m‘llpL |

7177
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Procedure for the evaluation of soil liquefaction resistance, Boulanger & Idriss(2014)

FS, =
" CSR.w=7,5,a;

CRRu=7.s,a;=1am

=latm

1
J

4 N\

G,
CSR,, —065% %, 1 1

o, g ‘MSFK,

[
-
r,=exp|a(z)+f(2)-M|

=15.0,=lam

a(z)=-1.012—1.126sin| —>—+5.133
11.73

A z
=0.106+0.118 +5.142
B(2) sm(11 T )
W,
|
4 )
ol
K, =1—C‘,ln[—‘]31.1
F,
1
= ozer <03
37.3-827(quns)
\_ I J
e p 3

{ =M
MSF = 1+(MSF,,, —J)i 8.64exp| ‘7{)— 1.325)
\ \

- 3
MSF,,, = 1.09+| "C—‘) <22
180

J
|
s A
o, and o, at start of earthquake shaking
\. J

-

( o at time of CPT sounding

(" 2 3 4 )
= qc 1Nes qc 1Nes qc 1Nes qc 1Nes
CRR, . s prory = €xp| 2ees 4 | ZelVes | _| Teles | 4 Zelis | _3 80
- p[ 113 [1000) (140) (137) J
. Y,
( l ™
ch\'c: = qc 1IN + ch 1N
Agyy =[11.9+ L2 \expl 1.63-—7 [ 157
: 14.6 FCc+2 \FC+2
q.
ch\f:C.\eE
P m
Cc. =| 2| <17
Ne (O{)
m=1338-0249(q,.)"" with 0.264<m<0.782
< Y,
|
ol

(FC=80(]C+CFC)—137 with 0% < FC <100%
1= [(3.47—log(Q))2 +(1.22+log(F))2]°'>

_ PY
0 :[%}(?] with0.5<n <1.0 per Robertson & Wride (1998)

a ve

F [LJ-IOO%
9.~ O

.

.
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements

Qite inveacticatinn

writh QPT Ar

A

Nacion

parthrmal-a

Y

Gronnd

aanmatru

A

QPT Aata writh

~rontent

or CPT data

Mamant maonituda
nf aarthanala (N
and nealr enirfaras

arcalaratinn (a....\

\ /

T immafartinn nntential analvcic

ta ralenlate FQ M1 ean. nr

(s

Mmecina tha NCFFR QPT .

2NNT1 N

(PT_hacad mathad (Vand at al

(lanmatric naramatarc
far aarh Af diffarant
7nnac in laval (Aar
aontlyu clanina) arannd
writh (ar writhant) a frea

fara

7 anac with thraa mainr 7 anac with

aanmatric naramatarce nr mnra than

lece - free face heicht (H) threa mainr

tha dictanca tn a frea fara aanmatrio

(TN ar/and clana (Q) naramatarce

Calenlatinn af tha lataral

dienlacement indev

(mcina Fionira 1 and Fanatinn 121

|

R

Frywalnatinn nf
lataral
Aienlaramantc

hacad an

M \en.. = 14

nr

avalnate

nntantial

nf

TN=4A.amm08 . rnr

A
* Estimated lateral displacement, LD

Far aantly clanina arannd withant a frea faca

(A1 )n < TN TN —/Q Ln72M\ . TMT (v N N0/L ~ Q ~ 2 K0/N\

Far laval aronnd writh a frea faca

(far &R < T /H < AN\

nthar
annrnarhac
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—

flaxr

linmafartinn

—

! Flow chart illustrating major steps in estimating liquefaction-induced lateral spreading displacements using the proposed approach

S T L e o
ﬁ D= 4% b
T, S0F 4
E [ ]
§ 40F .
i i 1
& [ ]
& °F ]
o
o [ 1
Ti‘-. L p
E - 4
El- 3 4
% 10F ]
o - .
= i ;
o ]
0.0 0.5 1.0 15

Factor of safety, FS
! Figure 1

20

-
Z-].'I.'lii..‘{

LDI=

JO

ﬁmeK z

1 Equation [3]

! "Estimating liquefaction-induced ground settlements from CPT for level ground", G. Zhang, P.K. Robertson, and R.W.I. Brachman

CLiq v.3.3.3.4 - CPT Liquefaction Assessment Software

437



Procedure for the estimation of seismic induced settlements in dry sands

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

Average shear stress, Ty

Ty =CSR ' oy =065 —m

v

TOyn Ty

Estimate small shear strain modualus, Gy

G, = 00188 -[m‘”-"“ ‘MSFJ-(qt - 5,)

v

Estimate shear strain amplitude, +

(based on Pradel {1998))

bR
E I“LI-R-UJU 4)
1+

T
R = = (Mote T, andC same units)
0

w=00389 | 2% |+0124
Pa

b = 6400 [;_:]
v

Estimate volumetric strain in 15 cycles
D

.13
R mljﬁtl;s
Eranlsy ~ ¥ T
Qme
M 1)s0es = SI
25 -=
46

Volunetric strain in design earthgualie

i i, 045
Lol T Braylsy’ T

N, = (M - 43

v

Seismic settlemnent, s

T
s=1- J‘zwl-dz
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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:

0

LPI = J (10-0,5,) X 7, %d,

where:

F.=1-F.S.whenF.S. less than 1
F. = 0 when F.S. greater than 1

z depth of measurment in meters

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:

elPI=0 : Liquefaction risk is very low
¢ 0 < LPI <=5 : Liquefaction risk is low
e 5 < LPI <= 15 : Liquefaction risk is high
*LPI > 15 : Liquefaction risk is very high

H.U 1.0 0 0 o 10

: zim)
=
=]
40\\\9.
-
[
'y
%

Deth
v
4]

il
153 \C\ 15/
e

"0\ i
20 k-

20

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):

. ‘HL
In(Ds) =cl+¢c2+LBS+ 0.58 = Ln (Tanh (?)) +

459 = Ln(Q) — 0.42 = Ln(Q)* — 0.02 =B +
0.84 » Ln(CAVdp) + 0.41 = Ln(Sal) + ¢

where Ds is in the units of mm, c1= -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:

LBSzEW*‘EﬁZﬂd:

where z (m) is the depth measured from the ground surtace > U, W Is a foundation-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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APPENDIX C

SEISMIC DESIGN PARAMETERS

v PETRA SOLID AS A ROCK
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USGS web services were down for some period of time and as a result this tool wasn't operational, resulting in timeout error.
USGS web services are now operational so this tool should work as expected.

21-392

Latitude, Longitude: 33.974639, -117.537384

Limonite A€
&
§ Little Steps

a° Montessori Preschool
Google
Date

Design Code Reference Document
Risk Category
Site Class
Type Value

S 1.601

Sy 0.578

Sus 1.601

S null -See Section 11.4.8
Sps 1.067

Sp1 null -See Section 11.4.8
Type Value

SDC null -See Section 11.4.8
Fa 1

e null -See Section 11.4.8
PGA 0.66

Fpga 1.1

PGAy  0.726

T 8

SsRT 1.601

SsUH 1.698

SsD 1.723

S1RT 0.578

S1UH 0.629

S1D 0.6

PGAd 0.702

OSHPD

Del Sur Dr Del Sur Dr T & M Fencing

Tacos Chio

imonite Ave Limonite Ave

3

Dana Ave

Art For Fun Custom Painting Services

BAY LIS

10/2/2023, 10:32:55 AM
ASCE7-16
i}
D - Stiff Soil
Description
MCERg, ground motion. (for 0.2 second period)
MCER ground motion. (for 1.0s period)
Site-modified spectral acceleration value
Site-modified spectral acceleration value
Numeric seismic design value at 0.2 second SA

Numeric seismic design value at 1.0 second SA

Description
Seismic design category

Site amplification factor at 0.2 second

Site amplification factor at 1.0 second

MCEg peak ground acceleration

Site amplification factor at PGA

Site modified peak ground acceleration

Long-period transition period in seconds

Probabilistic risk-targeted ground motion. (0.2 second)

Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration
Factored deterministic acceleration value. (0.2 second)

Probabilistic risk-targeted ground motion. (1.0 second)

Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.
Factored deterministic acceleration value. (1.0 second)

Factored deterministic acceleration value. (Peak Ground Acceleration)

Map data ©2023 Google



Type

Value
0.66

0.943
0.919
1.42

Description

Uniform-hazard (2% probability of exceedance in 50 years) Peak Ground Acceleration
Mapped value of the risk coefficient at short periods

Mapped value of the risk coefficient at a period of 1 s

Vertical coefficient




DISCLAIMER

liability for its accuracy. The material presented in this web application should not be used or relied upon for any specific application without competent examination
and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. SEAOC / OSHPD do not intend that the use of this
information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute for the
standard of care required of such professionals in interpreting and applying the results of the seismic data provided by this website. Users of the information from
this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible
for building code approval and interpretation for the building site described by latitude/longitude location in the search results of this website.




APPENDIX D

LABORATORY TEST PROCEDURES

LABORATORY DATA SUMMARY
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LABORATORY TEST PROCEDURES

Soil Classification

Soil materials encountered within the property were classified and described in accordance with the Unified
Soil Classification System and in general accordance with the current version of Test Method ASTM

D 2488. The assigned group symbol is presented on Plate D-1.

Laboratory Maximum Dry Unit Weight and Optimum Moisture Content

The maximum dry unit weight and optimum moisture content of the on-site soils were determined for a
selected bulk sample in accordance with current version of Method A of ASTM D 1557. The results of

these tests are presented on Plate D-1.

Expansion Index

An expansion index test was performed on a selected bulk sample of the on-site soils in accordance with

the current version of Test Method ASTM D 4829. The test result is presented on Plate D-1.

Corrosivity Screening

Chemical and electrical analyses were performed on a selected bulk sample of onsite soils to determine
soluble sulfate content, chloride content, pH (acidity) and minimum electrical resistivity. These tests were
performed in accordance with the current versions of California Test Method Nos. CTM 417, CTM 422
and CTM 643, respectively. The results of these tests are presented on Plate D-1.

PETRA GEOSCIENCES, INC. Laboratory Address: 1251 W. Pomona Road, Unit 103, Corona, CA, 92882
J.N. 21-392



LABORATORY DATA SUMMARY*

Max. Dry | Optimum S CBC Soil Sand Sulfate Chloride Minimum

Index? Classification® |Equivalent*

Soil Description | Density! | Moisture' 7

(pcf) (%)

Silty Sand 123.0 10.8 SM 0.039 . 1900

Silty Sand with
clay

Silty Sand 125.5 0.063
Clayey Sand 124.5 0.069

Content> | Content® Resistivity
(%) (ppm) (Ohm-cm)

130.5 9.0 0.126

Note: (A) LGC, 2005

Test Procedures: I Per ASTM Test Method D 1557 5 Per Caltrans Test Method 417
2 Per ASTM Test Method D 4829 ¢ Per Caltrans Test Method 422
3 Per ASTM Test Method D 4829 Table 1, Per CBC 2010 7 Per Caltrans Test Method 643
4 Per ASTM Test Method D2419 8 Per ASTM Test Method D 1140
PETRA GEOSCIENCES, INC. Laboratory Address: 1251 W. Pomona Road, Unit 103, Corona, CA, 92882

J.N. 21-392 PLATE D-1
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STANDARD GRADING SPECIFICATIONS

VIIl. CONSTRUCTION CONSIDERATIONS

A. Erosion control measures, when necessary, shall be provided by the Contractor during grading
and prior to the completion and construction of permanent drainage controls.

B. Upon completion of grading and termination of observations by the Geotechnical Consultant,
no further filling or excavating, including that necessary for footings, foundations, large tree
wells, retaining walls, or other features shall be performed without the approval of the
Geotechnical Consultant.

C. Care shall be taken by the Contractor during final grading to preserve any berms, drainage
terraces, interceptor swales, or other devices of permanent nature on or adjacent to the property.
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