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GEOTECHNICAL, INC.

LIQUEFACTION ANALYSIS REPORT

Project title : Westar Goleta Location : Goleta, California
CPT file : CPT-1
Input parameters and analysis data

Analysis method: NCEER 1998 G.W.T. (in-situ): 31.00 ft Use fill: No Clay like behavior
Fines correction method: Robertson & Wride G.W.T. (earthg.): 31.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: . N/A Limit depth applied: No
Earthquake magnitude M,:  7.40 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration: 0,58 Unit weight calculation: ~ Based on SBT Ko applied: No
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This software is licensed to: GMU Geotechnical CPT name: CPT-1

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 31.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride ~ Average results interval: 3 Transition detect. applied:  No SBT legend
20:2;5 to IEeSt! - Based on Ic value  Ic cut-off value: 2.60 CK:I’ aFJII:(Ilel:; b ek No . 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
arthquake magnituae My: 7,40 Unit weight calculation: Based on SBT ay like behavior applied:  Sands only . : o y :
Peak ground acce|eration":" 058 Use fill No Limit depth applied: No . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
Depth to water table (insitu): 31.00 ft Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GMU Geotechnical

CPT name: CPT-1

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 31.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride ~ Average results interval: 3 Transition detect. applied:  No SBTn legend
20:2;5 to IEeSt! - Based on Ic value  Ic cut-off value: 2.60 CK:T aFJI}:('iel:): b ek No . 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
arthquake magnituae My: 7,40 Unit weight calculation: Based on SBT ay like behavior applied:  Sands only . : o y :
Peak ground acce|eration":" 058 Use fill No Limit depth applied: No . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
Depth to water table (insitu): 31.00 ft Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GMU Geotechnical CPT name: CPT-1

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 31.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ' No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 31.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-1

Liquefaction analysis overall plots
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Input parameters and analysis data

Analysis method: NCEER 1998 Depth to water table (erthg.): 31.00 ft

Fines correction method: Robertson & Wride ~ Average results interval: 3

Points to test: Based on Ic value  Ic cut-off value: 2.60
Earthquake magnitude M,,: 7,40 Unit weight calculation: Based on SBT
Peak ground acceleration: 0.58 Use fill: No

Depth to water table (insitu): 31.00 ft Fill height: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-1

Check for strength loss plots (Robertson (2010))

Total cone resistance Grain char. factor

I

44 44—

4671 I ‘ ‘ § | 461

) I [ 1 1 1

100 200 300 400 500 600 0
gt (tsf)

Input parameters and analysis data

Analysis method: NCEER 1998 Depth to water table (erthg.): 31.00 ft
Fines correction method: Robertson & Wride ~ Average results interval: 3

Points to test: Based on Ic value  Ic cut-off value: 2.60
Earthquake magnitude M,,: 7,40 Unit weight calculation: Based on SBT
Peak ground acceleration: 0.58 Use fill: No

Depth to water table (insitu): 31.00 ft Fill height: N/A

Corrected norm. cone resistance SBTn Index
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GMU Geotechnical

M 23241 Arroyo Vista

Rancho Santa Margarita
GEOTECHNICAL, INC.

LIQUEFACTION ANALYSIS REPORT

Project title : Westar Goleta Location : Goleta, California
CPT file : CPT-2
Input parameters and analysis data

Analysis method: NCEER 1998 G.W.T. (in-situ): 30.00 ft Use fill: No Clay like behavior
Fines correction method: Robertson & Wride G.W.T. (earthg.): 30.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: . N/A Limit depth applied: No
Earthquake magnitude M,:  7.40 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration: 0,58 Unit weight calculation: ~ Based on SBT Ko applied: No
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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Qtn,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
CLiq v.1.4.1.22 - CPT Liquefaction Assessment Software - Report created on: 7/8/2011, 6:10:55 PM 42

Project file: U:\2007\07-036-00\Analyses\Liquefaction\Kehoe Data\CPT-1_CPT-5.clq



This software is licensed to: GMU Geotechnical

CPT name: CPT-2

Input parameters and analysis data

Analysis method:
Fines correction method:
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This software is licensed to: GMU Geotechnical

CPT name: CPT-2

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 30.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ' No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 30.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-2

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistance
L= 2 2
4 4- 4
6-1 61 61
8- > | 8] 8-
10 { 10 10
\ <
124 121 12
< miy '
144 14— e 14 <q
16 > 16 16
18- i 18- 18-
i ] ? o ? epnd
£ 204N £ 2 £ 2
ey < oy
& 22 & 22 8 22
o o o]
24+ 24 24
26 26 26 T <
"IC i iR — |
30 <>> 30 p 30 | —
32 — 32+ I o - 32 ‘ >
344 — 34+ - 34+ |
< —
36 > 36 Z 361 T
s =2
38 ~ i 38 ) 38
40 Lc_ ; £ e e 40 Q\
I I I I I I ] ] 2 ) L I L 1 L LN L] L DL LI DL | I 1 I L I L
100 200 300 400 500 600 700 1 2 3 4 0 50 100 150 20C 01 2 3 45 6 7 8 10 0 50 100 150 20C
gt (tsf) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 30.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ' No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 30.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-2

Liquefaction analysis overall plots

CRR plot FS Plot
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Input parameters and analysis data

Analysis method: NCEER 1998 Depth to water table (erthg.): 30.00 ft

Fines correction method: Robertson & Wride ~ Average results interval: 3

Points to test: Based on Ic value  Ic cut-off value: 2.60
Earthquake magnitude M,,: 7,40 Unit weight calculation: Based on SBT
Peak ground acceleration: 0.58 Use fill: No

Depth to water table (insitu): 30,00 ft Fill height: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-2

Check for strength loss plots (Robertson (2010))

Total cone resistance Grain char. factor Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 30.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ' No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 30.00 ft Fill height: N/A Limit depth: N/A
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| GMU

GEOTECHNICAL, INC.

GMU Geotechnical
23241 Arroyo Vista

Rancho Santa Margarita

LIQUEFACTION ANALYSIS REPORT

Project title : Westar Goleta

CPT file : CPT-3

Input parameters and analysis data

No Liquefaction

[ oy e

0 20 40 60

80

100
Qtn,cs

120

140

160

180

200

Location : Goleta, California

0.1

1
Normalized friction ratio (%)

Analysis method: NCEER 1998 G.W.T. (in-situ): 31.00 ft Use fill: No Clay like behavior
Fines correction method: Robertson & Wride G.W.T. (earthg.): 31.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: . N/A Limit depth applied: No
Earthquake magnitude M,:  7.40 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration: 0,58 Unit weight calculation: ~ Based on SBT Ko applied: No
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
0
2 2 2] 2
4 4] 4] 4
61 61 61 6
8- 8- 8 8
101 < 10 10 10
124 12+ 124 12
14 14+ 14 14
16 <> 16+ 16+ 16
18- > 18- 18- 18
20 20 20 20
£ 221 2 2 2
5 24+ 24 24 24
=
& 26 26 26 26
28 28 28 28
30 30 30 <) 30
32 \‘ 32 324 During edrthg. —] 3
34 34 3 34 34
361 - 61 = 361 36
38 <> BT 38 =1 38
< > =
40 ~ 40+ —~ 40+ 40
42 > 42- £ 42- 42
44 i | 44 E 44+ 44
46 ﬁ 46 C_ 46 | 46
48 T — 48 T 48 ; . T 48T ]
200 400 600 0 2 4 6 8 10 2 4 0 0.2 0.4 06 0 05 1 1.5 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7"2, sigma'=1 atm base curve Summary of liquefaction potential
O.E PR | Lo )y 11000- 1 1 1 [ 1 1 1 [ |
1 Liquefaction - 3
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0.5 - o
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8 B ]
. ] g
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ﬁ 0.3 = (@]
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5 &
n ©
O S
o S
5‘ 2

Zone A,: Cyclic liquefaction likely depending on size and duration of cyclic loading
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: GMU Geotechnical

CPT name: CPT-3

Cone resistance

Friction Ratio

CPT basic interpretation plots

2 | | 2
4 | ! — 4
6 6
8 8
101 , 101
12— | 121
14_ 18 2 L5 = £ 14_
16+ — 16+
18- 18
20 ! — 20-
22+ =2
Nt ~—
S 24 S 24
Q. Q.
& 26- & 264
28] ! ! 28-
30 30
32 5
34 ' 34
361 361
381 381
40 < 401
o =~ | -
441 44}
46 46
a9 a9
L5 1 I 1 1 1 =5 I L
100 200 300 400 500 600 0 8 10
qt (tsf) RF (%)

Input parameters and analysis data

Analysis method: NCEER 1998
Fines correction method:

Points to test: Based on Ic value
Earthquake magnitude M,:  7.40

Depth to water table (insitu): 31.00 ft

Depth to water table (erthg.):
Robertson & Wride  Average results interval:
Ic cut-off value:

Unit weight calculation:
Peak ground acceleration: 0.58 Use fill:

Fill height:

31.00 ft

3

2.60

Based on SBT
No

N/A

Pore pressure

1

Fill weight:

Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:

N/A

No

No

Sands only
No

N/A

SBT Plot

Ic(SBT)

SBT legend

Depth (ft)

Soil Behaviour Type
Sand &silty sad
Silty sond & sandy silt

Clay &silty clay
Clay &silty clay

6 Very denselstiff soil
[ Very densestiff sl

Very dense/stiff sail

Very dense/stiff soil
[ Very denselstiff sail
Very dense/stiff soil
Very dense/stiff soil
Very dense/stiff soil
Clay

Clay &silty clay
Very dense/stiff soil
Very dense/stiff soil
Very dense/stiff soil
Clay &silty clay
Very dense/stiff soil
30+ Very dense/stiff soil
Clay &silty clay
Very dense/stiff soil

14
16

N NN
N O

Very denselstiff sail
Siltysand & sendysilt
Very denselstiff sail
Very denselsiiff sail
Very denselsiiff sail
Very denselsiiff sail
Very denselsiiff sail
44 Very denselsiiff sail

s— Very densefstiff soil
IIIIIIIIIIlIIlII Serd &silty sand

0 2 4 6 8 10 12 14 16 18
SBT (Robertson et al. 1986)

. 2. Organic material
. 3. Clay to silty clay

. 1. Sensitive fine grained . 4. Clayey silt to silty
. 5. Silty sand to sandy silt . 8. Very stiff sand to
. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

] 7. Gravely sand to sand
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This software is licensed to: GMU Geotechnical

CPT name: CPT-3

Norm. cone resistance

CPT basic interpretation plots (normalized)

Norm. friction ratio

Nom. pore pressure ratio

—
2+ 2+ 2+
4 g 4 4
61 ‘ 61 6-1
8 8 8-
10 | 10 10
124 1 i 124 124
144 I i 14+ 144
16 1 164 16
18 ' < 18- 18
20 (” 20 20
g 22 — g 22 g 22—
S 24 ‘ ‘ S 24+ S 24+
=% =% =%
& 26 & 26 & 26
28 28 28
30 : = ‘ 30 30
32— | I 32 324
34 34 34
361 36 36-1
38 T T 38 38
40 40 40
427 > 42 42
44 ; } i 44 44
46 46 46
Bt 1 48 — 8t+—r———1+—1"1"—7
0 50 100 150 20C 0 8 10 0.2 0 0.2 04 06 08 1
Qtn Fr (%) Bq
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthq.): 31.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ) No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 31.00 ft Fill height: N/A Limit depth: N/A

SBTn Plot

2 3
Ic (Robertson 1990)

SBTn legend

Depth (ft)

Norm. Soil Behaviour Type

i L
2 Very denselsiiff soil
4_
6 Very denselsiff soll
8_

[ Very densestiff sl
10 Very denselstiff soil
12 Very denselstiff soll
1 Very denselstiff soll

I Very denselsiff soll
167 Very densefstiff ol

[ Verydensessiffsall

Very denselstiff soll
Clay
2 Clay &silty clay
S Very denselstiff soll
Very denselstiff soll
Clay&siltycl
26 Very densdisiift ol
28 Cley
Clay &silty clay
30 Very denselstiff soll
Clay
& Clay &silty clay
Y Very denselsiff ol
36 Very dense/siff soil
Clay&siltycl
Very derselsiff soll
Clay &silty clay
Very denselstiff soll
Very denselsiff sl
Clay
Clay &silty clay
Clay &silty clay
Send &silty sand
e

8 10 1‘2 14 16 18
SBTn (Robertson 1990)

. 1. Sensitive fine grained . 4. Clayey silt to silty
. 5. Silty sand to sandy silt . 8. Very stiff sand to
. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

. 2. Organic material
. 3. Clay to silty clay

] 7. Gravely sand to sand
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This software is licensed to: GMU Geotechnical CPT name: CPT-3

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistance
[ = ; —— ]

21 2 2 2

4-t 4 g 4 4
61 61 6 % 61

8 8 8
10+ — 10— ‘ ~ 10+
12 ‘ . 124 R 12
14+ i i 14~ e 14
161 . 16 . 161

18 < 18 18
20- C—’/ 20- k 20-

£ £ g2 ———— £ 27 g2
g_ g_ g_ 24— g_ 24— g_ 24—
ot A & 26 <~—-§ & 26 & 26
28] z 28 28

30 r,.f-> 30

1 D

32 32
34+ | 34 34+
36 36 361
38 i i 38 38
40 { ' 40 40
42+ —3 42+ 42
44 ; ~ 44 44
46 TR 461 46 461
48 ; . ; ; ; 48 — Bt 48 —— 7
100 200 300 400 500 600 1 2 3 4 0 50 100 150 20C 01 2 3 45 6 7 8 9 10 0 50 100 150 20C
gt (tsf) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 31.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ' No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 31.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-3

CRR plot

2]

4

12
14

16

20
22+
24

Depth (ft)

h 4
32 During eaytha.

0 0!2 0!4 0.6
CRR & CSR

Input parameters and analysis data

Analysis method: NCEER 1998

Fines correction method: Robertson & Wride
Points to test: Based on Ic value
Earthquake magnitude M,:  7.40

Peak ground acceleration: 0.58

Depth to water table (insitu): 31.00 ft

Liquefaction analysis overall plots

FS Plot

0 0.5 1 1.5
Factor of safety

Depth to water table (erthg.): 31.00 ft
Average results interval: 3

Ic cut-off value: 2.60

Unit weight calculation: Based on SBT
Use fill: No

Fill height: N/A

Liquefaction potential

Depth (ft)

344 e
36
381
40—
42
444 =
46
48 T T T
0 5 10
LPI
Fill weight: N/A
Transition detect. applied:  No
K, applied: No
Clay like behavior applied:  Sands only
Limit depth applied: No
Limit depth: N/A

Vertical settlements

Lateral displacements

2-]

4

0

1 | I I 1
0.005 0.01 0.015 0.02 0.025
Settlement (in)

F.S. color scheme

EOCODM

Almost certain it will liquefy
Very likely to liquefy

Liquefaction and no liquefaction are equally likely

Unlike to liquefy
Almost certain it will not liquefy

0
Displacement (in)

LPI color scheme
. Very high risk
|:| High risk

[] Lowrisk
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This software is licensed to: GMU Geotechnical

CPT name: CPT-3

Check for strength loss plots (Robertson (2010))

Total cone resistance Grain char. factor Corrected norm. cone resistance SBTn Index
= > pE — 2
4 4 4
6-1 6-1 6-1
8 8
10 10
12 12
14 14
16 16
18 18
20— 20— I C
3 €] g €
g ey by ' g
a & 26 & 26 = &
28 28 %
30 30 |
32 32 C
34+ 34 I
36 36
38 38 <
40 40 <
42— 42
44 44
46 —— 46 46
48 T T T T T LS e e e L e 48 T T T T T T
100 200 300 400 500 600 01 2 3 45 6 7 8 9 10 0 50 100 150 20C 1 2 3
gt (tsf) Kc Qtn,cs Ic (Robertson 1990)
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 31.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 Ks applied: No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 31.00 ft Fill height: N/A Limit depth: N/A

Liquefied Su/Sig'v

| = Peak Su ratio = Lig. Su ratio I

—I_[_l_'_l_'_l_'_l_

0 0.1 0.2 0.3 0.4 0.5

Su/Sig'v
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| GMU

GMU Geotechn

GEOTECHNICAL, INC.

ical

23241 Arroyo Vista
Rancho Santa Margarita

LIQUEFACTION ANALYSIS REPORT

Project title : Westar Goleta
CPT file : CPT-4

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude M,,:
Peak ground acceleration:

Depth (ft)

Cyclic Stress Ratio* (CSR*)

Cone resistance

NCEER 1998

Ic cut-off value

Friction Ratio

G.W.T. (in-situ):
Robertson & Wride G.W.T. (earthq.):
Based on Ic value
7.40
0.58

Unit weight calculation:

vV

R
C

¢
1 (<

A4

—-
co

qt (tsf)

T T T 1
100 200 300 400 500 0 2 4 6 8

RF (%)

w=71/2, sigma’'=1 atm base curve

Average results interval:

1

Liquefaction

Location : Goleta, California

23.00 ft Use fill: No Clay like behavior
23.00 ft Fill height: N/A applied: Sands only
3 Fill weight: . N/A Limit depth applied: No
2.60 Trans. detect. applied: No Limit depth: N/A
Based on SBT Ko applied: No
SBTn Plot CRR plot FS Plot
0
27 2
4 4
67 6
8- 8
10 10
12+ 12
14— 14
16 16
18— 18
20 20
224 < 22
24— During eathq. 24
26 26
284 28
30 30
32 32
34 34
b e ——=
36— ——] 36
38 38
2 3 4 0 0.2 0.4 06 0 05 1 1.5 2
Ic (Robertson 1990) CRR & CSR Factor of safety
Summary of liquefaction potential
Lo )y 11000- 1 | I T N B I ] 1 | I N N A I

o %t a8l

No Liquefaction

0

20

40

LI L B S B B B B
80 100 120
Qtn,cs

60 140

160

180

200

100

Normalized CPT penetration resistance

0.1

1
Normalized friction ratio (%)

Zone A,: Cyclic liquefaction likely depending on size and duration of cyclic loading
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: GMU Geotechnical CPT name: CPT-4

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
1+ 1 15— ; 1
> - o 2 Siltysend & sandysilt
>
37 37 3 _— 3 Clay&siltyclay
4 4 4 ' 4 :
51 51 5 < 5 Clay &silty clay
61 6-1 6 6 61 Clay &silty clay
7 7 74 7 74
8- 8- 8- 8- 84
9 9 9 9
10 10 10 10 Very dense/stiff soil
114 114 11-
124 124 124
134 13+ 13-
14 14 14
15 15 15 Cay
161 16-] 161 Clay &silty clay
174 174 17+ 17+ e
o 18 © 18- T 18- = £ 181 Very dense/stiff soll
£ g g £ £ 1 —— s
= = = < = Very dense/stiff soll
B 204 B 20 B 204 5 B 20 - =
8 21 & 21 & 21 a Q 214 Very derssefsif s
22 22+ 22+ 22
23+ 23+ 3 Very denselsiif sl
25 25+ 25+ Clay&siltyclay
26— 261 26 Vayckrsdshﬁ‘sal
274 274 271 VG’Y(H’SQ’SﬁffS(ﬂ
281 28-1 28— \élayga?g?ﬁsdl
- - — sl
29 29 29 v:"ydase'sﬁ sol
301 30~ 304
31 31 31 Clay&siltyclay
7 324 324 Silty sand & sandy silt
334 334 33 \ Very dense/stiff soil
34} 34 31 i Clay &silty clay
357 354 354 1 \ Silty sand & sandy silt
36 i 36 36 ; ‘ Clay &silty clay
37 > 1 37 1 ¥ Very dense/stiff soil
i . < L 0 | L | | Very cersofsif o
39 1 I I I 39 ' ) L [ B 1 L I L 39— I I 1 I
100 200 300 400 500 0 2 4 6 8 10 -4 -2 0 2 4 6 6 8 10 12 14 18
qt (tsf) Rf (%) u (psi) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 23.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride ~ Average results interval: 3 Transition detect. applied:  No SBT legend
EO:I:S to IEeSt: - Based on Ic value  Ic cut-off value: 2.60 (K:T apI'T("e'lj): b ek No . 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
arthquake magnituae My: 7,40 Unit weight calculation: Based on SBT ay like behavior applied:  Sands only . : o y :
Peak ground acceleration: 058 Use fill No Limit depth applied: No . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
Depth to water table (insitu): 23,00 ft Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GMU Geotechnical

CPT name: CPT-4

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio
19 = 1 14
2] 2-] 2-]
3] 3] 3]
4 < 4 4+
5-1 5+ 51
61 < 61 61
74 ‘ ‘ 7 7
8- 8- 8-
10 - 10 10
11 o 11 11
12+ ‘ <> ‘ 12+ 12+
134 < 13+ 13+
14 = 14+ 14+
154 154 15
16 16-] 161
174 174 17+
P 18 © 18 18 =
€ o ] & € o] =
B 20 B 20 B 20 =
& 21 A 214 A 211 8
22 i 22+ 22+
23 i 23 231
24 24— 24
25 25+ 25+
26 | : ‘ 26 26
27 I 27 27
28 i 28 28
29 i 29+ 29
301 301 30
31 31 31
33 33 331
34 i | 34 34
357 | 35 35
361 36 36
37 37 I 37+
38 : < 8 — 38
o e e I T i EE B B B K S s S S A I
0 50 100 150 20C 0 2 4 6 8 10 0.2 0 0.2 04 06 08 1
Qtn Fr (%) Bq
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 23.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 Ks applied: No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 23.00 ft Fill height: N/A Limit depth: N/A

14
2
3
4
54
6
71
g

SBTn Plot Norm. Soil Behaviour Type

Send &silty sand
Very densefstiffsoil
Very densefstiffsoll
Very densefstiffsoll

Very dense/stiff soil

Clay
Very denselstiff sail

P Verydenssssifsol
Very denselstiff soil
Clay &silty clay
Very denselstiff soil
Clay

Very denselstiff soil
Very denselstiff soil
Very denselstiff sail
Clay &silty clay
Clay &silty clay
Clay

Clay &silty clay
Very dense/stiff soil

Depth (ft)

Clay

Clay &silty clay

Clay

Silty sand & sandy silt
Silty sand & sandy silt

2 3 4 6 8 10 12
Ic (Robertson 1990) SBTn (Robertson 1990)

14 16 18

SBTn legend

. 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
[ 2. organic material [ s.siity sand to sandy silt [T 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GMU Geotechnical

CPT name: CPT-4

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistance
1- - 1- —_— - i- —
2 2 2+ 7 21 2]
3+ 3 3+ ; 3 34
4 4 4 < 4 4
51 5 5 ' 51 51
61 6 61 I 6 61
7 7 7 ! 7 74
8 8 8 8- 8-
9 9 ‘ 9 9
10 10 = 10 10
11 11 P 114 11
121 121 <> ~ 124 121
13- 13- & 13 134
14| 14 = T 14- 14
154 154 ( i 15- 154
16— 16 16 16
174 174 \ 17 ( 174
T 18+ z 18 z 18 2 18
~— N— g N— ~—
= 19 = = 197 T St ( = 104
B 20+ a8 820 820 B 20
& 21 A 8 214 8 214 ? 8 214
22+ 22 i 22 ~. 22 i
- -~
23+ 23| — 23] 23+ : 5
24+ 24 — 24 — 24 '
254 25 g 254 = 25 <
26— 26 i 261 26 ; i
27 > 27 _> 271 27 j
28~ =5 28 = 28 2 28+
0 = 29- 29- — 29-
301 C 301 30 301
31 31 31+ } 31
324 2 —— 32 <"’ 32 |
33+ 33 j 33 — 33 —{
34 34 : 34 < 34 ‘ ~
35 ~ 35 35+ < 354
36 < 36 36 8 36 —
38 i 38 5 38 38
\
39 7 : T ; ; 39 — T 39.(.,......,, 39 — T
100 200 300 400 500 1 2 3 4 0 50 100 150 20C 01 23 456 7 8 9 10 0 50 100 150 20C
gt (tsf) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 23.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ' No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 23.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-4

CRR plot

1-]
2-
3]
4
5]
6—

8_
9_
10
114
124
134

15+
16
17+
18]
19+
20

Depth (ft)

22+ i
3 A 4

Depth (ft)

)
During ea
24+ 2

25+

274
28+
29+
30
314
329
334
34+
354
36
374
38+

——

39 — .
0 0.2 0.4
CRR & CSR

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:
Earthquake magnitude M,:  7.40
Peak ground acceleration: 0.58
Depth to water table (insitu): 23.00 ft

NCEER 1998

Robertson & Wride
Based on Ic value

Liquefaction analysis overall plots

FS Plot

1
2
3
4
5
6
7
8

0 0.5 1 1.5
Factor of safety

Depth to water table (erthg.): 23.00 ft
Average results interval: 3

Ic cut-off value: 2.60

Unit weight calculation: Based on SBT
Use fill: No

Fill height: N/A

Liquefaction potential

137

155

16
17-]

19+

Depth (ft)

23+

25+

o
£0

27+

79

L0

29+

30
314

=

£

337

34
357

2

36
37

20

20

39 T

Fill weight:

Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:

15 20

Sands only
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This software is licensed to: GMU Geotechnical

CPT name: CPT-4

Total cone resistance

Check for strength loss plots (Robertson (2010))

Grain char. factor

Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 23.00 ft
Fines correction method: Robertson & Wride ~ Average results interval:
Points to test: Based on Ic value  Ic cut-off value: 2.60
Earthquake magnitude M,,: 7,40 Unit weight calculation: Based on SBT
Peak ground acceleration: 0.58 Use fill: No
Depth to water table (insitu): 23,00 ft Fill height: N/A
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Transition detect. applied:  No
K, applied: No
Clay like behavior applied:  Sands only
Limit depth applied: No
Limit depth: N/A
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| GMU

GEOTECHNICAL, INC.

GMU Geotechnical
23241 Arroyo Vista
Rancho Santa Margarita

LIQUEFACTION ANALYSIS REPORT

Project title : Westar Goleta

CPT file : CPT-5

Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

Cone resistance

NCEER 1998

G.W.T. (in-situ):
Robertson & Wride G.W.T. (earthq.):
Based on Ic value
7.40
0.58

Friction Ratio

Location : Goleta, California

23.00 ft
23.00 ft

Average results interval: 3
Ic cut-off value:
Unit weight calculation:

2.60

SBTn Plot

Based on SBT
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Fill weight: . N/A Limit depth applied: No
Trans. detect. applied: No Limit depth: N/A
K, applied: No
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Summary of liquefaction potential
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100

Normalized CPT penetration resistance

0.1

1
Normalized friction ratio (%)

Zone A,: Cyclic liquefaction likely depending on size and duration of cyclic loading
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: GMU Geotechnical

CPT name: CPT-5

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
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Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 23.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 Ks applied: No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 23.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-5

Norm. cone resistance

CPT basic interpretation plots (normalized)

Norm. friction ratio
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Input parameters and analysis data

Analysis method: NCEER 1998
Fines correction method: Robertson & Wride
Points to test: Based on Ic value
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Earthquake magnitude M,,: 7,40 Unit weight calculation:
Peak ground acceleration: 0.58 Use fill:
Depth to water table (insitu): 23.00 ft Fill height:

Depth to water table (erthg.): 23.00 ft
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Ic cut-off value:
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K, applied: No
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Limit depth applied: No
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This software is licensed to: GMU Geotechnical CPT name: CPT-5

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistance
1+ 1> 1 1 1 L 1
2+ 2 2+ i 21 N 2
3 — 3 3 — 3 > 3
4 4 4 \ 4 j 4
5+ 5 5 5 5
61 6 61 61 61
74 7 74 b 74
8 8 8 81 8
9 ‘\ 9 9 o+ § 9
10— _J 0 10 10 k 10
114 114 ( 114 114
124 12 12 12
134 13- + 134 134
141 14+ ‘ 14— NNy 14
15+ 15+ ‘ 15 Z ‘ 15+
16 161 16 :> 161
g 17 g g 17 g 17 < g 171
= 18- = = 18 = 18— = 181
Q 19— a Q 19— a 191 a 19
& 20 fat & 20- B4 = & 20-
21 21 21 21
22 22 22 22
23 23 23 23]
24 24 24 24
25+ 25 ( 25— 25
26 26 26 26
27 27 27 27
28 28 28+ 28
29 29 ‘ ‘ 29 29
30 30 30 30
31 ~— 31 31 31
32 <> 32 ? 32 32
33 33 33 33
34 S 34+ 34+ 34
35 r 4 35 35+ 354
36 > 36 361 361
37 <\ T T 37 T T T T T T T 37 L L 37 T T T T T T T
100 200 300 0 50 100 150 20C 0 8 9 10 0 50 100 150 20C
gt (tsf) Ic (Robertson 1990) Qtn Qtn,cs
Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthg.): 23.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 23.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: GMU Geotechnical

CPT name: CPT-5

Depth (ft)

CRR plot
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:

NCEER 1998

Based on Ic value

Earthquake magnitude M,:  7.40
Peak ground acceleration: 0.58
Depth to water table (insitu): 23,00 ft

Robertson & Wride
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Fill weight: N/A

Transition detect. applied:  No

2.60 Ko applied: No

Based on SBT ~ Clay like behavior applied:  Sands only
No Limit depth applied: No

N/A Limit depth: N/A

Depth (ft)

© 00 NOUDAWNRO

W W W WNNNNNNNNNN = e e e e e e
WNH OWOVWWONOOUDAWNEFREHO OONOUDNWNRO

Vertical settlements

I |
0.05 0.1 0.15
Settlement (in)

F.S. color scheme
Almost certain it will liquefy

Very likely to liquefy

Unlike to liquefy
Almost certain it will not liquefy

EOCODM

Depth (ft)

Liquefaction and no liquefaction are equally likely

Lateral displacements
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This software is licensed to: GMU Geotechnical

CPT name: CPT-5

Check for strength loss plots (Robertson (2010))
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Total cone resistance Grain char. factor Corrected norm. cone resistance SBTn Index
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gt (tsf) Qtn,cs Ic (Robertson 1990)

Input parameters and analysis data
Analysis method: NCEER 1998 Depth to water table (erthq.): 23.00 ft Fill weight: N/A
Fines correction method: Robertson & Wride  Average results interval: 3 Transition detect. applied: No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: ) No
Earthquake magnitude M, 7.40 Unit weight calculation: Based on SBT ~ Clay like behavior applied:  Sands only
Peak ground acceleration: 0.58 Use fill: No Limit depth applied: No
Depth to water table (insitu): 23.00 ft Fill height: N/A Limit depth: N/A
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