







































































Moisture/Density Relationship
ASTM D1557 (Method B)
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Boring No. B-3

Depth (ft.) 5.0

Optimum Moisture (%) 6.3

Maximum Dry Density (pcf) 134.5

Soil Classification Light gray-brown fine to coarse
sand with gravel (SP)

Desert Trails Preparatory Academy Middle School

Victorville, California

Enclosure 3, Page 3

Rpt. No.: 5854
File No.: S-14158
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SUGGESTED SPECIFICATIONS FOR CLASS Il BASE

Sieve Size

1 Inch

3/4 Inch

No. 4

No. 30

No. 200

Sand Equivalent (Minimum)

“‘R" Value (minimum) at 300 psi
Exudation

John R. Byerly

I NC ORPORATETD

Percent Finer Than

100

90 -100

35-60

10 - 30

25

78

Enclosure 5
Rpt. No.: 5854
File No.: S-14158



Ligefyfro CivilTech Saitware USA  vwwvaviltschoom

DESERT TRAILS PREPARATORY ACADBEVIY MIDDLE SCHOOL
Hole No=81 Water Deptt—449.1ft Surface Hev.=3242 fieet above VISL NMagrtucke=7.3
Aocceleration=0.500g
Shear Stress Ratio Fadtarof Safety  Settlerrent Sail Desaiption

™ o 5 01 5 0fin) 1
2 T \‘ 1 T T | [TTTTTTTTT] [TITTTTTTT L Sity frosand (05
~ i Fc sand wigrave
— (F‘ o T
i b
—10| |

| Fc sand w/sone gravel
B J
5 I

)
2 Sty f-msad
B } Sity f-msard
i ( F-¢c sand w/silt ard sorme gravel
— 40 “ Sty f-c sand w/samre gravel
— 80| rs=1.30 : L |
- R R — Vel — Oy—
L Shaded Zone has Liquefadion Potential S=059in.
— 60
— 70
QvilTech Corporation S14158
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S-14158.1.sum
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LIQUEFACTION ANALYSIS CALCULATION SHEET

Version 4.3
Copyright by CivilTech Software
www.civiltech.com
(425) 453-6488 Fax (425) 453-5848
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Licensed to John R Byerly, John R. Byerly, Inc. 5/21/2019 4:25:26 PM

Input File Name: T:\Liquefy4\s-14158.1.T1q
Title: DESERT TRAILS PREPARATORY ACADEMY MIDDLE SCHOOL
Subtitle: 5-14158

surface Elev.=3242 feet above MSL

Hole No.=B-1

Depth of Hole= 51.5 ft

water Table during Earthquake= 449.1 ft

wWater Table during In-Situ Testing= 449.1 ft

Max. Acceleration= 0.5 g

Earthquake Magnitude= 7.3

User defined factor of safty (applied to CSR) User fs=1.3
fs=user, Plot one CSR (fs=user)

Hammer Energy Ratio, Ce=1

Borehole Diameter, Ch=1

Sampeling Method, Cs=1

SPT Fines Correction Method: Stark/Olson et al.*
Settlement Analysis Method: Ishihara / Yoshimine®
Fines Correction for Liquefaction: Stark/Olson et al.*
Fine Correction for Settlement: Post-Liq. Correction *
Average Input Data: Smooth*

* Recommended Options

Input Data:

Depth SPT Gamma  Fines
ft pcf %
1.0 30.0 130.0  25.0
3.0 30.0 130.0 25.0
6.0 23.0 116.8 1.0
11.0 25.0 119.1 1.0
16.0 26.0 120.7 1.0
21.0 49.0 119.1  30.0
26.0 56.0 121.9  30.0
31.0 59.0 130.0 1.0
36.0 61.0 130.0 1.0
40.0 69.0 130.0  25.0
45.0 73.0 130.0 25.0
50.0 80.0 130.0 25.0

output Results:
Settlement of saturated sands=0.00 in.
Settlement of dry sands=0.59 in.
Total settlement of saturated and dry sands=0.59 in.
Differential Settlement=0.296 to 0.391 1in.

Page 1
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S-14158.1.sum

Depth CRRmM CSRfs F.S. S_sat. s_dry s_all
ft w/fs in. in. in.
1.00 2.14 0.42 5.00 0.00 0.59 0.59
2.00 214 0.42 5.00 0.00 0.59 0.59
3.00 2.14 0.42 5.00 0.00 0.59 0.59
4.00 2.14 0.42 5.00 0.00 0.59 0.59
5.00 2.14 0.42 5.00 0.00 0.58 0.58
6.00 0.37 0.42 5.00 0.00 0.58 0.58
7.00 0.33 0.42 5.00 0.00 0.57 0.57
8.00 0.31 0.41 5.00 0.00 0.55 0.55
9.00 0.36 0.41 5.00 0.00 0.53 0.53
10.00 0.33 0.41 5.00 0.00 0.51 0.51
11.00 0.32 0.41 5.00 0.00 0.50 0.50
12.00 0.30 0.41 5.00 0.00 0.48 0.48
13.00 0.29 0.41 5.00 0.00 0.45 0.45
14.00 0.28 0.41 5.00 0.00 0.42 0.42
15.00 0.31 0.41 5.00 0.00 0.38 0.38
16.00 0.30 0.41 5.00 0.00 0.35 0.35
17.00 0.40 0.41 5.00 0.00 (a3l 0.31
18.00 2.14 0.40 5.00 0.00 0.29 0.29
19.00 2.14 0.40 5.00 0.00 0.27 0.27
20.00 2.14 0.40 5.00 0.00 0.26 0.26
21.00 2.14 0.40 5.00 0.00 0.26 0.26
22.00 2.14 0.40 5.00 0.00 0.25 0.25
23.00 2.14 0.40 5.00 0.00 0.24 0.24
24.00 2.14 0.40 5.00 0.00 0.24 0.24
25.00 2.14 0.40 5.00 0.00 0.23 0.23
26.00 2.15 0.40 5.00 0.00 0:22 0.22
27.00 2.13 0.40 5.00 0.00 0.21 0.21
28.00 2.12 0.39 5.00 0.00 0.20 0.20
29.00 2.11 0.39 5.00 0.00 0.19 0.19
30.00 2.09 0.39 5.00 0.00 0.18 0.18
31.00 2.08 0.39 5.00 0.00 0.17 0.17
32.00 2.07 0.39 5.00 0.00 0.16 0.16
33.00 2.05 0.38 5.00 0.00 0.15 0.15
34.00 2.04 0.38 5.00 0.00 0.14 0.14
35.00 2.03 0.38 5.00 0.00 0.13 0.13
36.00 2.02 0.37 5.00 0.00 0.12 0.12
37.00 2.00 0.37 5.00 0.00 0.11 0.11
38.00 1.99 0.37 5.00 0.00 0.10 0.10
39.00 1.98 0.36 5.00 0.00 0.09 0.09
40.00 1.97 0.36 5.00 0.00 0.08 0.08
41.00 1.96 0.36 5.00 0.00 0.08 0.08
42.00 1.94 0.35 5.00 0.00 0.07 0.07
43.00 1.93 0.35 5.00 0.00 0.06 0.06
44.00 1.92 0.34 5.00 0.00 0.06 0.06
45.00 1.91 0.34 5.00 0.00 0.05 0.05
46.00 1.90 0.34 5.00 0.00 0.04 0.04
47.00 1.89 0.33 5.00 0.00 0.03 0.03
48.00 1.88 0.33 5.00 0.00 0.03 0.03
49.00 1.87 0.33 5.00 0.00 0.02 0.02
50.00 1.86 0.32 5.00 0.00 0.01 0.01
51.00 1.85 0.32 5.00 0.00 0.00 0.00
* F.S.<1l, Liquefaction Potential Zone

(F.S. is limited to 5, CRR is limited to 2, CSR 1is Timited to 2)
Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight =

pcf, Settlement = 1in.

CRRm Cyclic resistance ratio from soils
Page 2
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request

CSRfs

FLi5,

S_sat
S_dry
s_all
NoLiq

S-14158.1.sum

Cyclic stress ratio induced by a given earthquake (with user

factor of safety) . )
Factor of safety against liquefaction, F.S.=CRRm/CSRfs

Settlement from saturated sands

Settlement from dry sands

Total settlement from saturated and dry sands
No-Liquefy Soils

Page 3
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S-14158.1.cal
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LTQUEFACTION ANALYSIS CALCULATION SHEET

Version 4.3
Copyright by CivilTech Software
www. civiltech.com
(425) 453-6488 Fax (425) 453-5848
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Licensed to John R Byerly, John R. Byerly, Inc. 5/21/2019 4:25:35 PM

Input File Name: T:\Liquefy4\S-14158.1.11q
Title: DESERT TRAILS PREPARATORY ACADEMY MIDDLE SCHOOL
Subtitle: $-14158

Input Data:

surface Elev.=3242 feet above MSL

Hole No.=B-1

Depth of Hole=51.5 ft

water Table during Earthquake= 449.1 ft

Water Table during In-Situ Testing= 449.1 ft

Max. Acceleration=0.5 g

Earthquake Magnitude=7.3

User defined factor of safty (applied to CSR) User fs=1.3
fs=user, Plot one CSR (fs=user)

Hammer Energy Ratio, Ce=1

Borehole Diameter, Ch=1

Sampeling Method, Cs=1

SPT Fines Correction Method: Stark/0lson et al.*
Settlement Analysis Method: Ishihara / Yoshimine*
Fines Correction for Liquefaction: stark/olson et al.*
Fine Correction for Settlement: Post-Liq. Correction *
Average Input Data: Smooth*

* Recommended Options

Depth  SPT Gamma  Fines
ft pct %
1.0 30.0 130.0 25.0
3.0 30.0 130.0 25.0
6.0 23.0 116.8 1.0
11.0 25.0 119.1 1.0
16.0 26.0 120.7 1.0
21.0 49.0 119.1  30.0
26.0 56.0 121.9  30.0
3d..0 59.0 130.0 1.0
36.0 61.0 130.0 1.0
40.0 69.0 130.0  25.0
45.0 73.0 130.0 25.0
50.0 80.0 130.0 25.0
Output Results: (Interval = 1.00 ft)
CSR Calculation:
Depth  gamma  sigma gamma' sigma’ rd CSR fs CSRfs

Page 1
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S-14158.1.cal

ft pcf tsf pcf tsf (user) w/fs
1.00 130.0 0.065 130.0 0.065 1.00 0.32 1.3 0.42
2.00 130.0 0.130 130.0 0.130 1.00 0.32 13 0.42
3.00 130.0 0.195 130.0 0.195 0.99 0.32 1.3 0.42
4.00 125.6 0.259 125.6 0.259 0.99 (.32 1.3 0.42
5.00 121.2 0.321 1271..2 0.321 0.99 0.32 1.3 0.42
6.00 116.8 0.380 116.8 0.380 0.99 0.32 1.3 0.42
7.00 117.3 0.439 117.3 0.439 0.98 0.32 1.3 0.42
8.00 117.7 0.498 117.7 0.498 0.98 0.32 1.3 0.41
9.00 118.2 0.556 118.2 0.556 0.98 0.32 1.3 0.41
10.00 118.6 0.616 118.6 0.616 0.98 0.32 13 0.41
11.00 119.1 0.675 1191, 0.675 0.97 0.32 1.3 0.41
12.00 119.4 0.735 119.4 0.735 0.97 0.32 1.3 0.41
13.00 119.7 0.795 119.7 0.795 0.97 0432 1.3 0.41
14.00 120.1 0.854 120.1 0.854 0.97 0.31 1. 3 0.41
15.00 120.4 0.915 120.4 0.915 0.97 0.31 1.3 0.41
16.00 120.7 0.975 120.7 0.975 0.96 0.31 1.3 0.41
17.00 120.4 1.035 120.4 1.035 0.96 031 1.3 0.41
18.00 120.1 1.095 120.1 1.095 0.96 0.31 1.3 0.40
19.00 119.7 1.155 119.7 1.155 0.96 Q31 1:3 0.40
20.00 119.4 1215 119.4 1.215 0.95 0.31 1.3 0.40
21.00 119.1 1.275 119.1 1.275 0.95 0.31 1.3 0.40
22.00 119.7 1.334 119.7 1.334 0.95 0.31 o 0.40
23.00 120 2 1.394 120.2 1.394 0.95 0.31 1.3 0.40
24.00 120.8 1.455 120.8 1.455 0.94 0.31 1.3 0.40
25.00 121.3 1.515 121.3 1.515 0.94 0.31 1:3 0.40
26.00 121.9 1.576 121.9 1.576 0.94 0.31 1.3 0.40
27.00 123.5 1.637 123.5 1.637 0.94 0.30 1.3 0.40
28.00 125.1 1.699 1251 1.699 0.93 0.30 1.3 0.39
29.00 126.8 1762 126.8 1.762 0.93 0.30 1:3 0.39
30.00 128.4 1.826 128.4 1.826 0.93 0.30 1.3 0.39
31.00 130.0 1.891 130.0 1.891 0.92 0.30 1.3 0.39
32.00 130.0 1.956 130.0 1.956 0.91 0.30 1.3 0.39
33.00 130.0 2.021 130.0 2.021 0.91 0.29 L3 0.38
34.00 130.0 2.086 130.0 2.086 0.90 0.29 1.3 0.38
35.00 13050 2.151 130.0 2.151 0.89 0.29 43 0.38
36.00 130.0 2.216 130.0 2216 0.88 0.29 1.3 0.37
37.00 130.0 2.281 130.0 2.281 0.87 0.28 1.3 0.37
38.00 130.0 2.346 130.0 2.346 0.86 0.28 1.3 0.37
39.00 130.0 2.411 130.0 2.411 0.86 0.28 1.3 0.36
40.00 130.0 2.476 130.0 2.476 0.85 0.28 1.3 0.36
41.00 130.0 2.541 130.0 2.541 0.84 0.27 1.3 0.36
42.00 130.0 2.606 130.0 2.606 0. 83 0:27 1.3 0.35
43.00 130.0 2.671 130.0 2.671 0.82 0.27 1.3 0.35
44.00 130.0 2.736 130.0 2.736 0.82 0:27 1.3 0.34
45.00 130.0 2.801 130.0 2.801 0.81 0.26 1.3 0.34
46.00 130.0 2.866 130.0 2.866 0.80 0.26 1.3 0.34
47.00 130.0 2.931 130.0 2.931 0.79 0.26 Ao B 033
48.00 130.0 2.996 130.0 2.996 0.78 0.25 1.3 0.33
49.00 130.0 3.061 130.0 3.061 0.78 0.25 1.3 0.33
50.00 130.0 3.126 130.0 3.126 0.4 0.25 1.3 0.32
51.00 130.0 3.191 130.0 3.191 0.76 0.25 1.3 0::32

CSR 1is based on

water table

at 449.1 during earthquake

CRR Calculation from SPT or BPT data:

Depth  SPT Cebs cr sigma' ¢Cn (N1)60 Fines d(N1)60
(N1)60f CRR7.5

ft %
- Page 2
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0.795
0.854
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1.035
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1.215
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1.699
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S-14158.1.cal

42 .48 2.00

33.00 59.80 1.00 1.00 2.021 0.70 42.07 1.0 0.00
42.07 2.00

34.00 60.20 1.00 1.00 2.086 0.69 41.69 1.0 0.00
41.69 2.00

35.00 60.60 1.00 1.00 2151  B.68 41.32 1.0 0.00
41.32 2.00

36.00 61.00 1.00 1.00 2.216  0.67 40.98 1.0 0.00
40.98 2.00

37.00 63.00 1.00 1.00 2.281 0.66 41.72 7.0 0.48
42.20 2.00

38.00 65.00 1.00 1.00 2.346  0.65 42.44 13.0 1.92
44 .36 2.00

39.00 67.00 1.00 1.00 2.411 0.64 43.15 19.0 3.36
46.51 2.00

40.00 69.00 1.00 1.00 2.476  0.64 43.85 25.0 4.80
48.65 2.00

41.00 69.80 1.00 1.00 2.541 0.63 43.79  25.0 4.80
48.59 2.00

42.00 70.60 1.00 1.00 2.606 0.62 43.74 25.0 4.80
48.54 2.00

43.00 71.40 1.00 1.00 2.671 0.61 43.69 25.0 4.80
48.49 2.00

44.00 72.20 1.00 1.00 2.736 0.60 43.65 25.0 4.80
48.45 2.00

45.00 73.00 1.00 1.00 2.801 0.60 43.62 25.0 4.80
48.42 2.00

46.00 74.40 1.00 1.00 2.866 0.59 43.95 25.0 4.80
48.75 2.00

47.00 75.80 1.00 1.00 2.931 0.58 44 .28 25.0 4.80
49.08 2.00

48.00 77.20 1.00 1.00 2.996 0.58 44.60 25.0 4.80
49.40 2.00

49.00 78.60 1.00 1.00 3.061 0.57 44.93  25.0 4.80
49.73 2.00

50.00 80.00 1.00 1.00 3.126 0.57 45.25 25.0 4.80
50.05 2.00

51.00 80.00 1.00 1.00 3.191 0.56 44.79 250 4.80
49.59 2.00

CRR is based on water table at 449.1 during In-Situ Testing

Factor of safety, - Earthquake Magnitude= 7.3:

Depth  sigC' CRR7.5 Ksigma CRRv MSF CRRM CSRfs  F.s.

ft tsf tsf w/fs CRRm/CSRfs

1.00 0.04 2.00 1.00 2.00 1.07 2.14 0.42 5.00

2.00 0.08 2.00 1.00 2.00 107 2.14 0.42 5.00

3.00 .13 2.00 1.00 2.00 1.07 2.14 0.42 5.00

4.00 0.17 2.00 1.00 2.00 1.07 2.14 0.42 5.00

5.00 0.2l 2.00 1.00 2.00 1.07 2.14 0.42 5.00

6.00 0.25 0.34 1.00 0.34 W 7 0.37 0.42 5.00

7.00 0.29 0.31 1.00 0.31 1.07 0.33 0.42 5.00

8.00 0.32 0.29 1.00 0.29 1.07 0.31 0.41 5.00

9.00 0.36 0.33 1.00 0.33 1.07 0.36 0.41 5.00

10.00 0.40 0.31 1.00 0.3l 107 0.33 0.41 5.00

11.00 0.44 0.30 1.00 0.30 1.07 0.32 0.41 5.00

12.00 0.48 0.28 1.00 0.28 1,07 0.30 0.41 5.00

13.00 Q.52 0.27 1.00 0.27 1.07 0.29 0.41 5.00

14.00 0.56 0.26 1.00 0.26 1.07 0.28 0.41 5.00

15.00 0.59 0.29 1.00 0.29 1.07 0.31 0.41 5.00
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16.00 0.63 0.28 1.00 0.28 1.07 0.30 0.41 5.00
17.00 0.67 0.38 1.00 0.38 107 0.40 0.41 5.00
18.00 0.71 2.00 1.00 2.00 1.07 2.14 0.40 5.00
19.00 0.75 2.00 1.00 2.00 1.07 2.14 0.40 5.00
20.00 0.79 2.00 1.00 2.00 1.07 2.14 0.40 5.00
21.00 0.83 2.00 1.00 2.00 1.07 2.14 0.40 5.00
22.00 Q:87 2.00 1.00 2.00 1.07 2.14 0.40 5.00
23.00 0.91 2.00 1.00 2.00 1.07 2.14 0.40 5.00
24.00 0.95 2.00 1.00 2.00 1.07 2.14 0.40 5.00
25.00 0.98 2.00 1.00 2.00 1.07 2.14 0.40 5.00
26.00 1.02 2.00 1.00 2.00 1.07 2.15 0.40 5.00
27.00 1.06 2.00 1.00 1.99 1., /07 2.13 0.40 5.00
28.00 1.10 2.00 0.99 1.98 1.07 2.12 0.39 5.00
29.00 1.15 2.00 0.98 1.97 1.07 211 0.39 5.00
30.00 1.19 2.00 0.98 1.95 1.07 2.09 0.39 5.00
31.00 1.23 2.00 0.97 1.94 1.07 2.08 0.39 5.00
32.00 1.27 2.00 0.96 1.93 1.07 2.07 0.39 5.00
33.00 1.31 2.00 0.96 1.92 1.07 2.05 0.38 5.00
34.00 1.36 2.00 0.95 1.91 1.07 2.04 0.38 5.00
35.00 1.40 2.00 0.95 1.89 1.7 2.03 0.38 5.00
36.00 1.44 2.00 0.94 1.88 1.07 2.02 0.37 5.00
37.00 1.48 2.00 0.94 1.87 1.07 2.00 0.37 5.00
38.00 1.52 2.00 0.93 1.86 1.07 1.99 0.37 5.00
39.00 1.57 2.00 0.92 1.85 1.07 1.98 0.36 5.00
40.00 1.61 2.00 0.92 1.84 1.07 1.97 0.36 5.00
41.00 1.65 2.00 0.91 1.83 1.07 1.96 0.36 5.00
42.00 1.69 2.00 0.91 1.82 1.07 1.94 0:35 5.00
43.00 1.74 2.00 0.90 1.81 1.07 1.93 0.35 5.00
44.00 1.78 2.00 0.90 1.79 1.07 1.92 0.34 5.00
45.00 1.82 2.00 0.89 1.78 1.07 1.91 0.34 5.00
46.00 1.86 2.00 0.89 1.77 1.07 1.90 0.34 5.00
47.00 1.90 2.00 0.88 1.76 1.07 1.89 0.33 5.00
48.00 1.95 2.00 0.88 1. 76 1.07 1.88 0.33 5.00
49.00 1.99 2.00 0.87 1.75 1.07 1.87 0.33 5.00
50.00 2.03 2.00 0.87 1.74 1.07 1.86 0.32 5.00
51.00 2.07 2.00 0.86 1.73 1.07 1.85 0.32 5.00
“ F.S.<l: Liquefaction Potential Zone. (If above water table: F.S.=5)

(F.s. is Timited to 5,

CRR is limited to 2,

CPT convert to SPT for Settlement Ana1ysis:
Fines Correction for Settlement Analysis:

CSR is Timited to 2)

Depth  Ic qc/N60  gcl (N1)60 Fines d(N1)60 (N1)60s
ft tsf %

1.00 - = - 38.25 25.0 2.19 40.44
2.00 - = = 38.25  25.0 2.19 40.44
3.00 - = - 38.25  25.0 2.:19 40.44
4.00 - 2 - 35.28 170 1.54 36.82
5.00 - = = 32.30 9.0 0.84 33.14
6.00 ~ - - 27.97 1.0 0.10 28.07
7.00 - - - 26.49 1.0 0.10 26.59
8.00 = - - 25.31 1.0 0.10 25.40
9.00 - - - 27.57 1.0 0.10 27 .67
10.00 - - - 26.65 1.0 0.10 26.75
11.00 - - - 25.86 1.0 0.10 25.96
12.00 - - - 24.99 1.0 0.10 25.09
13.00 - - - 24.22 1.0 0.10 24.32
14.00 - - - 23.54 1.0 0.10 23.64
15.00 - - - 25.63 1.0 0.10 25.73
16.00 - - - 25.02 1.0 0.10 25.11
17.00 - - - 28.57 6.8 0.64 29.22
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18.00 - - - 31.95 12.6 1.16 33.12
19.00 - - - 35.18 18.4 1.66 36.84
20.00 - - - 38.27 24.2 2.12 40.39
21.00 - - - 41.23  30.0 2.56 43.79
22.00 - - - 41.45  30.0 2.56 44.01
23.00 - - - 41.68 30.0 2:56 44 .24
24.00 - - - 41.91  30.0 2.56 44 .47
25.00 - - - 42.14  30.0 2.56 44.70
26.00 - - - 42.38 30.0 2.56 44 .94
27.00 - - - 42.02 24.2 2.12 44 .15
28.00 - - - 43.88 18.4 1.66 45.54
29.00 - - - 43.54 12.6 1.16 44.70
30.00 - - - 43.22 6.8 0.64 43.86
31.00 - - - 42.91 1.0 0.10 43.01
32.00 - - - 42.48 1.0 0.10 42 .57
33.00 - - = 42.07 1.0 0.10 42.17
34.00 - = - 41.69 1.0 0.10 41.78
35.00 - - - 41.32 1.0 0.10 41.42
36.00 - - - 40.98 1.0 0.10 41.08
37.00 - - - 41.72 7.0 0.66 42.38
38.00 - - - 42.44  13.0 1.20 43 .64
39.00 - - - 43.15 19.0 1.71 44 .86
40.00 - - - 43.85 25.0 2.19 46.04
41.00 - - - 43.79  25.0 2.19 45.98
42.00 - - - 43.74  25.0 2.19 45.92
43.00 - - - 43.69  25.0 2.19 45.88
44.00 - - - 43.65 25.0 2.19 45.84
45.00 - - - 43.62 25.0 2.19 45.81
46.00 - - - 43.95 25.0 2.19 46.14
47.00 - - - 44.28 25.0 2.19 46.46
48.00 - - - 44.60 25.0 2.19 46.79
49.00 - - - 44,93  25.0 2.19 47 .11
50.00 - - - 45.25 25.0 2.19 47 .44
51.00 - - - 44.79  25.0 2.19 46.97
Settlement of Saturated Sands:

Settlement Analysis Method: Ishihara / Yoshimine*

Depth  CSRfs F.s. Fines (N1)60s Dpr ec dsz dsv S
ft w/fs % % % in. in. in.

Settlement of Ssaturated Sands=0.000 in.
dsz is per each segment: dz=0.05 ft

dsv is per each print interval: dv=1 ft
S is cumulated settlement at this depth

Settlement of Dry Sands:

Depth  sigma' sigc' (N1)60s csrfs  Gmax g*Ge/Gm g_eff ec7.5 Cec
ec dsz dsv S

ft tsf tsf w/fs tsf %
% in. AN in.

51.45 3.22 2.09 46.77 0.32 2328.0 4.4e-4 0.0965 0.0305 1.01
0.0308 3.7e-4 0.000 0.000
51.00 3.19 2.07 46.97 0.32 2320.8 4.4e-4 0.0963 0.0304 1.01
0.0307 3.7e-4 0.003 0.004
50.00 3.13 2.03 47.44  0.32 2304.5 4.4e-4 0.0956 0.0302 1.01
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11
46.
46.
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.88
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79
46
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04
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17
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.24
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40.
36.

01
79
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84

0.
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.33
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0
0.34
0.34
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0.35
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0.36
0.36
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0.37
0.38
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0
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0
0
0
0
0
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.39
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.40
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.40
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2216.
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2081.
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1849.
1827.
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1758.
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18.00 1.10 071 33.12 0.40 1210.3 3.7e-4 0.1866 0.0903 1.01
0.0911 1.1E-3 0.019 0.289

17.00 1.04 0.67 29.22 0.41 1128.6 3.7e-4 0.2003 0.1186 1.01
0.1196 1.4E-3 0.025 0.315

16.00 0.97 0.63 25.11 0.41 1041.4 3.8e-4 0.2222 0.1624 1.01
0.1638 2.0E-3 0.034 0.348

15.00 0.91 0.59 25.73 0.41 1016.8 3.7e-4 0.1876 0.1328 1.01
0.1339 1.6E-3 0.035 0.384

14.00 0.85 0.56 23.64 0.41 955.5 3.7E-4 0.1849 0.1465 1.01
0.1477 1.8E-3 0.037 0.421

13.00 0.79 0.52 24.32 0.41 930.1 3.5e-4 0.1539 0.1174 1.01
0.1184 1.4E-3 0.032 0.453

12.00 0.73 0.48 25.09 0.41 903.8 3.3E-4 0.1278 0.0936 1.01
0.0944 1.1e-3 0.025 0.478

11.00 0.68 0.44 25.96 0.41 876.2 3.2E-4 0.1059 0.0741 1.01
0.0747 9.0E-4 0.020 0.498

10.00 0.62 0.40 26.75 0.41 845.1 3.0E-4 0.0884 0.0593 1.01
0.0598 7.2E-4 0.016 0.514

9.00 0.56 0.36 27 .67 0.41 812.6 2.8E-4 0.0735 0.0471 1.01
0.0475 5.7E-4 0.013 0.527

8.00 0.50 0.32 25.40 0.41 746.8 2.8E-4 0.1485 0.1069 1.01
0.1078 1.3E-3 0.019 0.546

7.00 0.44 0.29 26.59 0.42 712.1 2.66-4 0.0859 0.0581 1.01
0.0586 7.0E-4 0.019 0565

6.00 0.38 0.25 28.07 0.42 675.0 2.3E-4 0.0568 0.0356 1.01
0.0359 4.3E-4 0.011 0.576

5.00 0.32 0.21 33.14 0.42 65551 2.0E-4 0.0401 0.0194 1.01
0.0195 2.3E-4 0.006 0.582

4.00 0.26 Q17 36.82 0.42 609.6 1.8e-4 0.0334 0.0131 1.01
0.0132 1.6e-4 0.004 0.586

3.00 0.20 0.13 40.44 0.42 545.8 1.5e-4 0.0293 0.0093 1.01
0.0093 1.1E-4 0.003 0.589

2.00 0.13 0.08 40.44 0.42 445.7 1.2e-4 0.0228 0.0072 1.01
0.0073 8.7E-5 0.002 0.591

1.00 0.07 0.04 40.44 0.42 315.1 8.7E-5 0.0159 0.0050 1.01
0.0051 6.1E-5 0.002 0.592

Settlement of Dry Sands=0.592 1in.

dsz is per each segment: dz=0.05 ft

dsv is per each print interval: dv=1 ft

S is cumulated settlement at this depth

Total Settlement of Saturated and Dry Sands=0.592 in.

Differential Settlement=0.296 to 0.391 1in.

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight =
pcf, Settlement = in.

SPT Field data from Standard Penetration Test (SPT)

BPT Field data from Becker Penetration Test (BPT)

c Field data from Cone Penetration Test (CPT)
c Friction from CPT testin%

Gamma Total unit weight of soi

Gamma' Effective unit weight of soil

Fines Fines content [%]

D50 Mean grain size

Dr Relative Density

sigma Total vertical stress [tsf]

sigma' Effective vertical stress [tsf]
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sigC'
rd
CSR

s
w/fs
CSRfs
CRR7.5
Ksigma
CRRvV
MSF
CRRm
F.5.
Cebs

Ccr

Cn
(N1)60
d(N1)60
(N1)6OTF
Cq

gcl
dgcl
qclf
gcln

Kc

qclf

Ic
(N1)60s
ec

ds

dz

Gmax
g_eff
g*Ge,/Gm
ec’7.5
Cec

ec
NoLiq

References:

S-14158.1.cal
Effective confining pressure [tsf]
Stress reduction coefficient
Cyclic stress ratio induced by earthquake
User request factor of safety, apply to CSR
With user request factor of safety inside
CSR with User request factor of safety
Cyclic resistance ratio (M=7.5)
Overburden stress correction factor for CRR7.5
CRR after overburden stress correction, CRRV=CRR7.5 * Ksigma
Magnitude scaling factor for CRR (M=7.5)
After magnitude scaling correction CRRmM=CRRv * MSF
Factor of safety against liquefaction F.S.=CRRm/CSRfs
Energy Ratio, Borehole Dia., and Sample Method Corrections
Rod Length Corrections
Overburden Pressure Correction
SPT after corrections, (N1)60=SPT * Cr * Cn * Cebs
Fines correction of SPT
(N1)60 after fines corrections, (N1)60f=(N1)60 + d(N1)60
Overburden stress correction factor
CPT after Overburden stress correction
Fines correction of CPT
CPT after Fines and Overburden correction, qclf=qgcl + dqcl
CPT after normalization in Robertson's method
Fine correction factor in Robertson's Method
CPT_after Fines correction in Robertson's Method
Soil type index in Suzuki's and Robertson's Methods
(N1)60 after seattlement fines corrections
volumetric strain for saturated sands
Settlement in each Segment dz
Segment for calculation, dz=0.050 ft
Shear Modulus at low strain
gamma_eff, Effective shear Strain
gamma_eff * G_eff/G_max, Strain-modulus ratio
Volumetric Strain for magnitude=7.5
Ma?nitude correction factor for any magnitude
Volumetric strain for dry sands, ec=Cec * ec7.5
No-Liquefy Soils

NCEER workshop on Evaluation of Liquefaction Resistance of Soils. Youd,
T.L., and Idriss, I.M., eds., Technical Report NCEER 97-0022.

SP117. Southern california Earthquake Center. Recommended Procedures for
Implementation of DMG Special Publication 117, Guidelines for Analyzing and
Mitigating Liquefaction in california. University of Southern california. March

1999
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