




























































































































































































Project: Midway Rising Sports Arena Complex

Group Delta Consultants, Inc.
9245 Activity Road, Suite 103
San Diego, California 92126
www.GroupDelta.com

Total depth: 104.27 ft, Date: 2/7/20233220, 3240, 3250, and 3500 Sports Arena Blvd, San Diego, California
 CPT-23-026

Location:

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey sand
9. Very stiff fine grained

CPeT-IT v.3.9.2.21 - CPTU data presentation & interpretation software - Report created on: 4/25/2023, 8:38:28 PM FIGURE A-1

DELT.L\ 

Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type 
0 0 0 0 0 

HAND AUGER HAND AUGER HAND AUGER HAN O AU GER 
5 - 5 - 5 5 5 ---Sillysand &saooysilf 

10 10 10 10 10 
Silty sand & sandy sil t 
aay 
Silty sand & sandy silt 

15 15 15 15 r 15 aay & si lty clay 

20 20 20 2 0 ):f_ 2 0 Sand & silty sand 
---- .• aay & si lty clay 

25 25 25 25 25 aay 
aay &silty clay 

30 30 30 3 0 3 0 Clay & silty clay 
aay 

35 35 35 3 5 3 5 Clay & silty clay 
aay 

40 40 4 0 4 0 C<= = 40 aay & silty clay 
> - Silty sand & sandy sil t 

45 45 4 5 4 5 ::....__-=:::_ 4 5 Silty sand & sandy silt 
aay 

so so so so so aay & si lty clay g aay 
55 55 55 55 55 aay 

.c .c .c .c .c aay & si lty clay ...., ...., ...., ...., ...., 
Q_ 60 Q_ 60 Q_ 60 Q_ 60 --- Q_ 60 Silty sand & sandy silt QJ QJ QJ QJ q=:- - QJ 
0 0 0 0 0 Sand & silty sand 

65 65 6 5 65 65 Clay & si lty clay 

70 70 70 7 0 .::::: , 7 0 
aay & silty clay 
Sand & silty sand 
Silty sand & sandy silt 

75 75 75 75 75 aay & silty clay 

~ J 

Silty sand & sandy silt 

80 80 80 80 80 aay & si lty clay 

85 85 85 85 & 85 
Sand & silty sand 

Silty sand & sandy sil t 

90 90 90 90 90 Clay & silty clay 

'""S Silty sand & sandy silt 

95 95 95 95 ~- 95 Sand & silty sand 

~ -
Clay & silty clay 

100 100 100 100 100 Sand & silty sand 
Sand 

105 105 10 5 10 5 105 

110 11 0 110 11 0 110 

115 11 5 1 15 11 5 11 5 
0 10 0 200 300 400 500 0 2 4 6 8 0 40 80 1 2 3 4 0 2 4 6 8 10 12 14 16 18 

Tip resistance (tsf) Rf(%) Pressure (psi) I c SBT SBT (Robertson, 2010) 



Project: Midway Rising Sports Arena Complex

Group Delta Consultants, Inc.
9245 Activity Road, Suite 103
San Diego, California 92126
www.GroupDelta.com

Total depth: 111.56 ft, Date: 3/15/20233220, 3240, 3250, and 3500 Sports Arena Blvd, San Diego, California
 CPT-23-027

Location:

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey sand
9. Very stiff fine grained

CPeT-IT v.3.9.2.21 - CPTU data presentation & interpretation software - Report created on: 4/25/2023, 8:38:30 PM FIGURE A-15

GR□UP DELT.L\ 

Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type 
0 0 0 0 0 

HAND AUGER HAND AUGER HAND AUGER HAN D AU GER 
5 - 5 - 5 - 5 5 aay-&-silty cla·. 

Sand & silty sand 
10 10 10 10 10 aay 

15 15 15 
-

15 
~ -:; 

15 
aay & si lty clay 

~ - Silty sand & sandy sil t 

20 20 20 2 0 ~< 2 0 Sand & silty sand 

~ Silty sand & sandy sil t 
25 25 25 25 25 a ay 

aay & si lty clay 
30 30 3 0 3 0 3 0 Clay 

35 35 35 3 5 3 5 
Clay & si lty clay 
aay & silty clay 

40 40 4 0 4 0 40 
a ay &silty clay 
Clay & silty clay 

45 45 4 5 4 5 4 5 
Clay & si lty clay 
Silty sand & sandy silt 

~ 
so 

~ 
so 

~ 
so 

~ 
so so aay & si lty clay 

d= d= d= d= 2 aay 
~ 55 ~ 55 ~ 55 ~ 55 ~ 55 aay &silty clay 
.c .c .c .c .c aay & silty clay ...., ...., ...., ...., ...., 
Q_ 60 Q_ 60 Q_ 60 Q_ 60 Q_ 60 Sand & silty sand 
QJ QJ QJ QJ QJ Silty sand & sandy silt 
0 0 0 0 0 

65 65 6 5 65 65 Silty sand & sandy silt 
Silty sand & sandy silt 

70 70 70 7 0 7 0 Silty sand & sandy silt 

=- aay 75 75 75 75 r 75 Silty sand & sandy silt 

80 80 80 80 80 

85 85 85 85 85 

90 90 90 90 90J I Sand & silty sand 

95 95 95 95 95 

100 100 100 100 
100] 

~ 
Sand 

105 105 10 5 10 5 105 Sand & silty sand 
Very dense/stiff soil 

110 11 0 110 11 0 11 0 Sand & silty sand 

115 115 1 15 11 5 11 5 
0 10 0 200 300 400 500 0 2 4 6 8 0 40 80 1 2 3 4 0 2 4 6 8 10 12 14 16 18 

Tip resistance (tsf) Rf(%) Pressure (psi) I c SBT SBT (Robertson, 2010) 
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Project: Midway Rising Sports Arena Complex

Group Delta Consultants, Inc.
9245 Activity Road, Suite 103
San Diego, California 92126
www.GroupDelta.com

Total depth: 102.97 ft, Date: 3/15/20233220, 3240, 3250, and 3500 Sports Arena Blvd, San Diego, California
 SCPT-23-028

Location:

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey sand
9. Very stiff fine grained

CPeT-IT v.3.9.2.21 - CPTU data presentation & interpretation software - Report created on: 4/25/2023, 8:38:31 PM FIGURE A-16
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Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type 
0 0 0 0 0 

HAND AUGER HAND AUGER HAND AUGER HAND AUGER 
5 - 5 - 5 5 5 elay-&-silty cla· 

Clay & silty clay 10 10 10 10 10 Clay & si lty clay 

15 15 15 15 15 Silty sand & sandy silt 
Silty sand & sandy silt 

20 20 20 20 20 
Clay & si lty clay 

Clay 
25 25 25 25 25 Clay 

Clay & si lty clay 
30 30 30 3 0 30 Clay 

Clay & silty clay 

35 35 35 3 5 3 5 Clay & si lty clay 

{i" 
~ Silty sand & sandy silt 

40 40 40 40 40 
Clay & si lty clay 

Silty sand & sandy silt 
45 45 45 45 4 5 Clay 

so so so so so Clay &silty clay 
~ ~ ~ ~ g Silty sand & sandy silt ~ 55 ~ 55 ~ 55 ~ 55 55 Silty sand & sandy silt .c .c .c .c 

~ 
.c ...., ...., ...., ...., ...., Sand & silty sand 

Q_ 60 Q_ 60 Q_ 60 Q_ 60 Q_ 60 Clay QJ QJ QJ QJ :.E- QJ 
0 0 0 0 0 Silty sand & sandy silt 

65 65 65 65 ..,_ ..; 65 Clay & silty clay 
Clay & silty clay 

70 70 70 7 0 7 0 Clay & si lty clay 

....,:,= - Clay & silty clay 
75 75 75 75 75 Sand & silty saoo 

80 80 80 80 ~ 80 
Sand & silty saoo 

F-1 Silty sand & sandy sil t 

85 85 85 85 85 

L Sand & silty sand 

90 90 90 90 90 
?r . Silty sand & sandy silt 

95 95 95 95 

~ 
95 

100 100 100 100 100 
Sand & silty saoo 

Sand 
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1 15 115 11 5 115 11 5 
0 100 200 300 400 500 0 2 4 6 8 0 40 80 1 2 3 4 0 2 4 6 8 10 12 14 16 18 

Tip resistance (tsf) Rf(%) Pressure (psi) I c SBT SBT (Robertson, 2010) 
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Midway Rising Sports Arena Complex
3220, 3240, 3250, and 3500 Sports Arena Boulevard
San Diego, California

CPT Shear Wave Measurements

S-Wave Interval
Tip Geophone Travel S-Wave Velocity S-Wave

Depth Depth Distance Arrival from Surface Velocity
Location (ft) (ft) (ft) (msec) (ft/sec) (ft/sec)

SCPT-23-021 5.31 4.31 4.75 6.20 766
10.14 9.14 9.36 16.04 583 468
15.06 14.06 14.20 26.44 537 466
20.18 19.18 19.28 37.68 512 452
25.03 24.03 24.11 49.36 489 413
30.05 29.05 29.12 59.15 492 511
40.65 39.65 39.70 79.00 503 533
45.41 44.41 44.46 89.16 499 468
50.46 49.46 49.50 98.48 503 541
55.15 54.15 54.19 106.84 507 561
60.30 59.30 59.33 113.48 523 775
65.06 64.06 64.09 120.12 534 716
69.98 68.98 69.01 126.12 547 820
75.10 74.10 74.13 133.10 557 733
80.05 79.05 79.08 138.72 570 880
85.17 84.17 84.19 145.60 578 744
90.16 89.16 89.18 152.24 586 751
95.05 94.05 94.07 158.14 595 829

100.03 99.03 99.05 164.44 602 790

Shear Wave Source Offset - 2 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival
Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)



Midway Rising Sports Arena Complex
3220, 3240, 3250, and 3500 Sports Arena Boulevard
San Diego, California

CPT Shear Wave Measurements

S-Wave Interval
Tip Geophone Travel S-Wave Velocity S-Wave

Depth Depth Distance Arrival from Surface Velocity
Location (ft) (ft) (ft) (msec) (ft/sec) (ft/sec)

SCPT-23-022 5.02 4.02 4.49 5.88 764
10.27 9.27 9.48 12.06 786 808
15.03 14.03 14.17 22.68 625 441
20.05 19.05 19.15 32.24 594 521
25.03 24.03 24.11 44.52 542 404
30.09 29.09 29.16 55.76 523 449
35.07 34.07 34.13 63.04 541 683
40.06 39.06 39.11 70.64 554 656
45.05 44.05 44.10 79.96 551 535
50.00 49.00 49.04 89.92 545 497
55.02 54.02 54.06 98.18 551 607
60.04 59.04 59.07 106.10 557 633
65.06 64.06 64.09 113.92 563 642
70.05 69.05 69.08 120.32 574 779
75.03 74.03 74.06 127.20 582 724
80.02 79.02 79.05 134.78 586 658
85.04 84.04 84.06 140.38 599 896
90.03 89.03 89.05 145.16 613 1044
95.01 94.01 94.03 149.44 629 1163

100.00 99.00 99.02 153.96 643 1104

Shear Wave Source Offset - 2 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival
Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)



Midway Rising Sports Arena Complex
3220, 3240, 3250, and 3500 Sports Arena Boulevard
San Diego, California

CPT Shear Wave Measurements

S-Wave Interval
Tip Geophone Travel S-Wave Velocity S-Wave

Depth Depth Distance Arrival from Surface Velocity
Location (ft) (ft) (ft) (msec) (ft/sec) (ft/sec)

SCPT-23-024 5.05 4.05 4.52 5.80 779
10.07 9.07 9.29 11.96 777 775
15.06 14.06 14.20 22.88 621 450
20.08 19.08 19.18 31.36 612 588
25.07 24.07 24.15 41.42 583 494
30.02 29.02 29.09 51.60 564 485
35.10 34.10 34.16 60.60 564 563
40.06 39.06 39.11 68.92 567 595
45.11 44.11 44.16 79.10 558 495
50.13 49.13 49.17 87.34 563 609
55.41 54.41 54.45 96.30 565 589
60.07 59.07 59.10 102.86 575 710
65.06 64.06 64.09 111.36 576 587
70.05 69.05 69.08 118.40 583 708
75.07 74.07 74.10 124.84 594 779
80.09 79.09 79.12 130.60 606 871
85.10 84.10 84.12 137.40 612 737
90.03 89.03 89.05 143.14 622 859
95.11 94.11 94.13 149.58 629 789

100.00 99.00 99.02 155.62 636 809

Shear Wave Source Offset - 2 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival
Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)



Midway Rising Sports Arena Complex
3220, 3240, 3250, and 3500 Sports Arena Boulevard
San Diego, California

CPT Shear Wave Measurements

S-Wave Interval
Tip Geophone Travel S-Wave Velocity S-Wave

Depth Depth Distance Arrival from Surface Velocity
Location (ft) (ft) (ft) (msec) (ft/sec) (ft/sec)

SCPT-23-025 4.99 3.99 4.46 4.28 1043
10.04 9.04 9.26 10.92 848 722
15.06 14.06 14.20 20.42 695 520
20.14 19.14 19.24 28.56 674 619
25.07 24.07 24.15 37.98 636 521
30.05 29.05 29.12 49.24 591 441
35.07 34.07 34.13 58.12 587 564
40.16 39.16 39.21 65.96 594 648
45.37 44.37 44.42 74.82 594 587
50.07 49.07 49.11 83.84 586 521
55.09 54.09 54.13 92.92 583 552
60.01 59.01 59.04 101.28 583 588
65.09 64.09 64.12 107.92 594 765
70.11 69.11 69.14 114.76 602 734
75.03 74.03 74.06 121.20 611 764
80.09 79.09 79.12 126.56 625 944
85.10 84.10 84.12 133.40 631 732
90.09 89.09 89.11 140.48 634 705
95.08 94.08 94.10 144.86 650 1139

100.03 99.03 99.05 149.68 662 1027

Shear Wave Source Offset - 2 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival
Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)



Midway Rising Sports Arena Complex
3220, 3240, 3250, and 3500 Sports Arena Boulevard
San Diego, California

CPT Shear Wave Measurements

S-Wave Interval
Tip Geophone Travel S-Wave Velocity S-Wave

Depth Depth Distance Arrival from Surface Velocity
Location (ft) (ft) (ft) (msec) (ft/sec) (ft/sec)

SCPT-23-028 5.02 4.02 4.49 4.26 1054
10.04 9.04 9.26 15.76 587 415
15.03 14.03 14.17 26.20 541 471
20.05 19.05 19.15 38.22 501 415
25.07 24.07 24.15 51.28 471 383
30.02 29.02 29.09 62.18 468 453
35.04 34.04 34.10 71.20 479 555
40.06 39.06 39.11 78.80 496 660
45.05 44.05 44.10 86.40 510 656
50.49 49.49 49.53 93.78 528 736
55.45 54.45 54.49 101.08 539 679
60.07 59.07 59.10 107.28 551 745
65.09 64.09 64.12 113.38 566 823
70.08 69.08 69.11 121.64 568 604
75.07 74.07 74.10 128.04 579 779
80.05 79.05 79.08 133.60 592 895
85.04 84.04 84.06 138.52 607 1014
90.06 89.06 89.08 144.02 619 912
95.08 94.08 94.10 148.80 632 1050

100.07 99.07 99.09 152.68 649 1286

Shear Wave Source Offset - 2 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival
Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)



APPENDIX B

LABORATORY TESTING

Laboratory testing was conducted in a manner consistent with the level of care and skill ordinarily
exercised by members of the profession currently practicing under similar conditions and in the
same locality. No warranty, express or implied, is made as to the correctness or serviceability of
the test results, or the conclusions derived from these tests. Where a specific laboratory test
method has been referenced, such as ASTM or Caltrans, the reference only applies to the specified
laboratory test method, which has been used only as a guidance document for the general
performance of the test and not as a “Test Standard”. A brief description of the tests follows.

Classification: Soils were visually classified according to the Unified Soil Classification System as
established by the American Society of Civil Engineers per ASTM D2487. The soil classifications are
shown on the boring logs in Appendix A.

Particle Size Analysis: Particle size analyses were performed in general accordance with ASTM
D6913 and D1140, and were used to supplement visual classifications. The test results are
summarized on the Boring Records in Appendix A and are presented in detail in Figures B 1.1
through B 1.17.

Atterberg Limits: ASTM D4318 was used to determine the liquid and plastic limits, and plasticity
index of selected soil samples. The test results are presented with the associated gradation
analyses in Figures B 1.1 through B 1.16 and are also summarized in Figure B 2.1 and B 2.2.

Expansion Index: The expansion potential of selected soil samples was estimated in general
accordance with ASTM D4829. The test results are summarized in Figure B 3. Figure B 3 also
presents common criteria for evaluating the expansion potential based on the expansion index.

pH and Resistivity: To assess the potential for reactivity with buried metals, selected soil samples
were tested for pH and minimum resistivity using Caltrans test method 643. The corrosivity test
results are summarized in Figure B 4.

Sulfate Content: To assess the potential for reactivity with concrete, selected soil samples were
tested for water soluble sulfate. The sulfate was extracted from the soil under vacuum using a 10:1
(water to dry soil) dilution ratio. The extracted solution was tested for water soluble sulfate in
general accordance with ASTM D516. The test results are also presented in Figure B 4, along with
common criteria for evaluating soluble sulfate content.

Chloride Content: Soil samples were also tested for water soluble chloride. The chloride was
extracted from the soil under vacuum using a 10:1 (water to dry soil) dilution ratio. The extracted
solution was then tested for water soluble chloride using a calibrated ion specific electronic probe
in general accordance with ASTM D512. The test results are also shown in Figure B 4.

CRCILF CEL TA 



APPENDIX B

LABORATORY TESTING (Continued)

Direct Shear: The shear strength of selected partially intact samples of the soils from the site were
assessed using direct shear testing performed in general accordance with ASTM D3080. The test
results are shown in Figures B 5.1 through B 5.4.

Unconfined Compressive Strength: The undrained shear strength of two selected soil samples
were assessed using unconfined compression testing performed in general accordance with ASTM
D2166. The test results are presented in Figure B 6.1 and B 6.2. The Pocket Penetration tests
conducted on clayey samples during the field investigation are shown in the Boring Records in
Appendix A.

Consolidation: The one dimensional consolidation properties of the selected samples were
evaluated in general accordance with ASTM D2435. The samples were inundated with water under
a nominal seating load, allowed to swell, and then subjected to controlled stress increments while
restrained laterally and drained axially. The test results are presented in Figure B 7.1 through B 7.3.

CRCILF CEL TA 



C
O

AR
SE

FI
N

E
C

O
AR

SE
M

ED
IU

M
FI

N
E

SI
LT

 A
N

D
G

R
AV

EL
SA

N
D

C
LA

Y

SA
M

PL
E

U
N

IF
IE

D 
SO

IL
 C

LA
SS

IF
IC

AT
IO

N
:  

 
SM

AT
TE

R
B

ER
G

 L
IM

IT
S

EX
PL

O
R

AT
IO

N
 ID

:
A-

23
-0

11
LI

Q
U

ID
 L

IM
IT

:
--

SA
M

PL
E 

D
EP

TH
:

DE
SC

RI
PT

IO
N:

SI
LT

Y 
SA

N
D

PL
AS

TI
C

 L
IM

IT
:

--
PL

AS
TI

C
IT

Y 
IN

D
EX

:
--

SO
IL

 C
LA

SS
IF

IC
AT

IO
N

Pr
oj

ec
t N

o.
 S

D
76

0
FI

G
U

R
E 

B
-1

.1

0.
5'

 - 
5'

10
0

99
98

96
93

85

70

47

1½
''

3/
4'

'
3/

8'
'

#4
#1

0
#2

0
#4

0
#6

0
#1

00
#1

40
#2

00

010203040506070809010
0

0.
00

1
0.

01
0.

1
1

10
10

0
G

ra
in

 S
iz

e 
in

 M
illi

m
et

er
s

U
.S

. S
ta

nd
ar

d 
Si

ev
e 

Si
ze

s

Percent Finer by Weight

-- --- -- -- --- -- --- -- -- ___ .,,.. -- --- ------ -- --- -- --
---

J 
r 

-
-

I 

111- - --- -- -- --- -- --- -- -- --- -- -- --- -- ------ -- --- -- --

-
-

-
-

~ 
:J 
l&I a 
IL 
:::J 
□ 

~ 



C
O

AR
SE

FI
N

E
C

O
AR

SE
M

ED
IU

M
FI

N
E

SI
LT

 A
N

D
G

R
AV

EL
SA

N
D

C
LA

Y

SA
M

PL
E

UN
IF

IE
D 

SO
IL

 C
LA

SS
IF

IC
AT

IO
N:

   
SP

-S
M

AT
TE

R
BE

R
G

 L
IM

IT
S

EX
PL

O
R

AT
IO

N
 ID

:
A-

23
-0

12
LI

Q
U

ID
 L

IM
IT

:
--

SA
M

PL
E 

D
EP

TH
:

DE
SC

R
IP

TI
O

N:
PO

O
R

LY
 G

R
AD

ED
 S

AN
D

 W
IT

H
 S

IL
T

PL
AS

TI
C

 L
IM

IT
:

--
PL

AS
TI

C
IT

Y 
IN

D
EX

:
--

SO
IL

 C
LA

SS
IF

IC
AT

IO
N

Pr
oj

ec
t N

o.
 S

D
76

0
FI

G
UR

E 
B-

1.
2

31
-3

1.
5'

10
0

95

64

32

22
17

14
12

1½
''

3/
4'

'
3/

8'
'

#4
#1

0
#2

0
#4

0
#6

0
#1

00
#1

40
#2

00

12
%

 F
in

es
1%

 G
ra

ve
l

87
%

 S
an

d 
010203040506070809010
0

0.
00

1
0.

01
0.

1
1

10
10

0
G

ra
in

 S
iz

e 
in

 M
ill

im
et

er
s

U
.S

. S
ta

nd
ar

d 
Si

ev
e 

Si
ze

s

Percent Finer by Weight

-

-

-- --- -- -- --- -- --- -- -- --- -- -- --- -- -- --- -- • --- --

l./1,....,--' 

I 

i..--i..--

...... --­
i..-,-V 

.I. 
r 

I 

/ 
I 

II 

t 

-
-
-
-
-

~- --- -- -- --- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- ~ 
:J 
LIi 
C 
D. 
::J 
□ 
It: 
I!] 



COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SM ATTERBERG LIMITS
EXPLORATION ID: A-23-013 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILTY SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.3
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SM ATTERBERG LIMITS
EXPLORATION ID: A-23-014 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILTY SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.4
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SC-SM ATTERBERG LIMITS
EXPLORATION ID: A-23-015 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: CLAYEY SAND WITH GRAVEL PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.5

0.5-5'

90.7

82
76

74
69

65

58

52
46

43
37

1½'' 3/4'' 3/8'' #4 #10 #20 #40 #60 #100 #140 #200

37% Fines27% Gravel 36% Sand 
0

10

20

30

40

50

60

70

80

90

100

0.0010.010.1110100
Grain Size in Millimeters

U.S. Standard Sieve Sizes

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t

I• 
....... 

r-,..__ 

' ...... 
............... 

-.-. --
7---------

- ~ ........ 
., 1..... .... 

~ IL 
~r----.. 

..... r,. 

" . 

I I I I I II I I I I I I I I 

I I I I 
GR□UP DEL TA 



COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SP-SM ATTERBERG LIMITS
EXPLORATION ID: A-23-015 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: POORLY GRADED SAND WITH SILT PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.6
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SM ATTERBERG LIMITS
EXPLORATION ID: A-23-016 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILTY SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.7
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SM ATTERBERG LIMITS
EXPLORATION ID: A-23-016 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILTY SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.8
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SM ATTERBERG LIMITS
EXPLORATION ID: R-23-001 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILTY SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.9
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SP-SM ATTERBERG LIMITS
EXPLORATION ID: R-23-001 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: POORLY GRADED SAND WITH SILT PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.10
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   ML ATTERBERG LIMITS
EXPLORATION ID: R-23-001 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILT WITH SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.11
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SP-SM ATTERBERG LIMITS
EXPLORATION ID: R-23-001 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: POORLY GRADED SAND WITH SILT PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.12
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SP-SM ATTERBERG LIMITS
EXPLORATION ID: R-23-002 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: POORLY GRADED SAND WITH SILT PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.13
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SM ATTERBERG LIMITS
EXPLORATION ID: R-23-002 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILTY SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.14
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   ML ATTERBERG LIMITS
EXPLORATION ID: R-23-002 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SANDY SILT PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.15
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COARSE FINE COARSE MEDIUM FINE SILT AND
GRAVEL SAND CLAY

SAMPLE UNIFIED SOIL CLASSIFICATION:   SM ATTERBERG LIMITS
EXPLORATION ID: R-23-002 LIQUID LIMIT: --

SAMPLE DEPTH: DESCRIPTION: SILTY SAND PLASTIC LIMIT: --
PLASTICITY INDEX: --

SOIL CLASSIFICATION Project No. SD760
FIGURE B-1.16
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Project No. SD760
FIGURE B 1.17

PERCENT PASSING THE NO. 200 SIEVE
(ASTM D1140)

SAMPLE DESCRIPTION
PERCENT

PASSING THE
NO. 200 (%)

A 23 011 @ 11’ – 11.5’ SILT with SAND (ML) 73
A 23 012 @ 21’ – 21.5’ SILTY SAND (SM) 38

A 23 013 @ 5’ – 6.5’ SILTY SAND (SM) 13
A 23 014 @ 20’ – 21.5’ Poorly Graded SAND with SILT (SP 8
A 23 016 @ 25’ – 27.5’ SANDY SILT (ML) 59
A 23 016 @ 35’ – 35.5’ SANDY Lean CLAY (CL) 60
R 23 001 @ 15’ – 16.5’ Poorly Graded SAND with SILT (SP 16
R 23 001 @ 41’ – 41.5’ Fat CLAY (CH) 91
R 23 001 @ 45’ – 47.5’ Fat CLAY (CH) 91
R 23 001 @ 55’ – 56.5’ SILT (ML) 87
R 23 002 @ 15’ – 16.5’ SILTY SAND (SM) 46
R 23 002 @ 35’ – 36.5’ SANDY SILT (ML) 59
R 23 002 @ 45’ – 46.5’ SILT with SAND (ML) 79
R 23 002 @ 50’ – 52.5’ SILTY SAND (SM) 44

LABORATORY TEST RESULTSLABORATORY TEST RESULTSCRCILF CEL TA 



A 23 011 11' 11.5' 34 25 9 SILT with SAND (ML)

A 23 012 21' 21.5' NP NP NP SILTY SAND (SM)

A 23 012 31' 31.5' NP NP NP Poorly Graded SAND with SILT (SP SM)

A 23 014 20' 21.5' NP NP NP Poorly Graded SAND with SILT (SP SM)

A 23 016 25' 27.5' 34 26 8 SANDY SILT (ML)

R 23 001 15' 16.5' NP NP NP Poorly Graded SAND with SILT (SP SM)

R 23 001 41' 41.5' 53 27 26 Fat CLAY (CH)

R 23 001 45' 47.5' 58 30 28 Fat CLAY (CH)
Notes:

Project No. SD760
FIGURE B 2.1

SOIL DESCRIPTION (USCS)

(1) Unified Soil Classification System (USCS) per ASTM D2487
(2) NP = Non Plastic per ASTM D4318
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R 23 002 35' 36.5' NP NP NP SANDY SILT (ML)

R 23 002 45' 46.5' 43 27 16 SILT with SAND (ML)

R 23 002 50' 52.5' NP NP NP SILTY SAND (SM)

Notes:

Project No. SD760
FIGURE B 2.2

SOIL DESCRIPTION (USCS)

(1) Unified Soil Classification System (USCS) per ASTM D2487
(2) NP = Non Plastic per ASTM D4318
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Project No. SD760
FIGURE B 3

EXPANSION TEST RESULTS
(ASTM D4829)

SAMPLE DESCRIPTION EXPANSION INDEX

A 23 011 @ 0.5’ – 5’ SILTY SAND (SM) 6
A 23 014 @ 0.5’ – 5’ CLAYEY SAND (SC) 13
A 23 015 @ 0.5’ – 5’ CLAYEY SAND (SC) 36

EXPANSION INDEX POTENTIAL EXPANSION

0 to 20 Very low

21 to 50 Low

51 to 90 Medium

91 to 130 High

Above 130 Very High

LABORATORY TEST RESULTSCRCILF CEL TA 



Project No. SD760
FIGURE B 4

CORROSIVITY TEST RESULTS
(ASTM D516, CTM 643)

SAMPLE pH RESISTIVITY
[OHM CM]

SULFATE
CONTENT [%]

CHLORIDE
CONTENT [%]

A 23 011 @ 0.5’ – 5’ 8.15 7,962 <0.01 <0.01
A 23 015 @ 0.5’ – 5’ 8.33 1,387 0.01 <0.01

R 23 002 @ 21’ – 21.5’ 8.08 698 0.05 0.06

SULFATE CONTENT [%] SULFATE EXPOSURE CEMENT TYPE
0.00 to 0.10 Negligible
0.10 to 0.20 Moderate II, IP(MS), IS(MS)
0.20 to 2.00 Severe V
Above 2.00 Very Severe V plus pozzolan

SOIL RESISTIVITY
[OHM CM]

GENERAL DEGREE OF CORROSIVITY TO FERROUS
METALS

0 to 1,000 Very Corrosive
1,000 to 2,000 Corrosive
2,000 to 5,000 Moderately Corrosive

5,000 to 10,000 Mildly Corrosive
Above 10,000 Slightly Corrosive

CHLORIDE (Cl) CONTENT
[%]

GENERAL DEGREE OF
CORROSIVITY TO METALS

0.00 to 0.03 Negligible
0.03 to 0.15 Corrosive
Above 0.15 Severely Corrosive

LABORATORY TEST RESULTSCRCILF CEL TA 



SAMPLE: R-23-001 @ 61' - 61.5' PEAK ULTIMATE

Description: ' 36 o 36 o

C' 350 PSF 250 PSF

IN-SITU AS-TESTED
STRAIN RATE: 0.0007 IN/MIN d 86.7 PCF 86.7 PCF
(Sample was consolidated and drained) wc 36.2 % 35.0 %

DIRECT SHEAR TEST RESULTS Project No. SD760
FIGURE B-5.1

SILT with SAND (ML)
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SAMPLE: R-23-001 @ 91' - 91.5' PEAK ULTIMATE

Description: ' 33 o 33 o

C' 900 PSF 450 PSF

IN-SITU AS-TESTED
STRAIN RATE: 0.0020 IN/MIN d 96.3 PCF 96.3 PCF
(Sample was consolidated and drained) wc 28.5 % 26.6 %

DIRECT SHEAR TEST RESULTS Project No. SD760
FIGURE B-5.2

Poorly graded SAND with SILT (SP-SM)
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SAMPLE: R-23-002 @ 66' - 66.5' PEAK ULTIMATE

Description: ' 36 o 36 o

C' 550 PSF 350 PSF

IN-SITU AS-TESTED
STRAIN RATE: 0.0008 IN/MIN d 87.5 PCF 87.5 PCF
(Sample was consolidated and drained) wc 38.5 % 29.0 %

DIRECT SHEAR TEST RESULTS Project No. SD760
FIGURE B-5.3

SANDY SILT (ML)
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SAMPLE: R-23-002 @ 81' - 81.5' PEAK ULTIMATE

Description: ' 41 o 37 o

C' 150 PSF 0 PSF

IN-SITU AS-TESTED
STRAIN RATE: 0.0040 IN/MIN d 102.8 PCF 102.8 PCF
(Sample was consolidated and drained) wc 21.3 % 23.7 %

DIRECT SHEAR TEST RESULTS Project No. SD760
FIGURE B-5.4

SILTY SAND (SM)
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PROJECT:  Zephyr Sports Arena TEST METHOD: ASTM D2166
SAMPLE I.D.:  R-23-001 @ 45' - 47.5' TESTED BY: J. Krehbiel

DESCRIPTION:  Fat CLAY (CH) DATE: 2/27/23

TYPE OF SAMPLE Shelby Tube
WET WT. OF SAMPLE 1080.96 [g]
INITIAL DIAM. 2.87 [in]
INITIAL HEIGHT 6.135 [in]
INITIAL AREA 6.469 [in2]
INITIAL VOLUME 39.69 [in3]
WET DENSITY 103.8 [pcf]
DRY WT. OF SAMPLE 713.82 [g]
WEIGHT OF WATER 367.1 [g]
INITIAL TOTAL MOISTURE 51.4 [%]
DRY DENSITY 68.5 [pcf]
L-D RATIO 2.1:1
STRAIN RATE 1.66 [%/min]
STRAIN AT FAILURE 10.11 [%]
STRAIN AT FAILURE 0.620 [in]
15% STRAIN 0.920 [in]
FAILURE CRITERIA: Yield
COMP. STRENGTH: 1754 [psf]
SHEAR STRENGTH: 877 [psf]
SPEC. GRAVITY 2.85
(Assumed)
SATURATION: 92 [%]
FAILURE MODE: semi-plastic SPECIMEN AFTER FAILURE       

Elapsed Time Axial Load Strain Dial Total Axial Strain Corrected Stress
[min] [lb] [in] Deformation [in] [in/in] Area [in2] [psf]

0.0 0.0 1.000 0.000 0.000 6.47 0.0
0.2 5.0 0.990 0.010 0.002 6.48 111.1
0.3 8.0 0.980 0.020 0.003 6.49 177.5
0.7 14.0 0.960 0.040 0.007 6.51 309.6
0.8 15.0 0.950 0.050 0.008 6.52 331.2
1.0 19.0 0.940 0.060 0.010 6.53 418.8
1.4 25.0 0.910 0.090 0.015 6.57 548.3
1.6 28.0 0.900 0.100 0.016 6.58 613.1
1.7 30.0 0.880 0.120 0.020 6.60 654.7
2.0 34.0 0.860 0.140 0.023 6.62 739.5
2.2 40.0 0.840 0.160 0.026 6.64 867.1
2.6 47.0 0.820 0.180 0.029 6.66 1015.5
2.9 53.0 0.800 0.200 0.033 6.69 1141.3
3.2 57.0 0.780 0.220 0.036 6.71 1223.3
3.5 62.0 0.760 0.240 0.039 6.73 1326.1
3.8 66.0 0.740 0.260 0.042 6.76 1406.8
4.2 71.0 0.720 0.280 0.046 6.78 1508.3
4.5 73.0 0.700 0.300 0.049 6.80 1545.5
4.9 76.0 0.680 0.320 0.052 6.83 1603.5
5.2 79.0 0.660 0.340 0.055 6.85 1661.0

UNCONFINED
COMPRESSIVE Project No. SD760

STRENGTH FIGURE B-6.1
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PROJECT:  Zephyr Sports Arena TEST METHOD: ASTM D2166
SAMPLE I.D.:  R-23-002 @ 50' - 52.5' TESTED BY: J. Krehbiel

DESCRIPTION:  SILTY SAND (SM) DATE: 2/27/23

TYPE OF SAMPLE Shelby Tube
WET WT. OF SAMPLE 1195 [g]
INITIAL DIAM. 2.875 [in]
INITIAL HEIGHT 6.238 [in]
INITIAL AREA 6.492 [in2]
INITIAL VOLUME 40.50 [in3]
WET DENSITY 112.4 [pcf]
DRY WT. OF SAMPLE 878.58 [g]
WEIGHT OF WATER 316.4 [g]
INITIAL TOTAL MOISTURE 36.0 [%]
DRY DENSITY 82.7 [pcf]
L-D RATIO 2.2:1
STRAIN RATE 1.62 [%/min]
STRAIN AT FAILURE 8.82 [%]
STRAIN AT FAILURE 0.550 [in]
15% STRAIN 0.936 [in]
FAILURE CRITERIA: Yield
COMP. STRENGTH: 1317 [psf]
SHEAR STRENGTH: 659 [psf]
SPEC. GRAVITY 2.85
(Assumed)
SATURATION: 89 [%]
FAILURE MODE: semi-plastic SPECIMEN AFTER FAILURE       

Elapsed Time Axial Load Strain Dial Total Axial Strain Corrected Stress
[min] [lb] [in] Deformation [in] [in/in] Area [in2] [psf]

0.0 0.0 1.000 0.000 0.000 6.49 0.0
0.1 3.0 0.990 0.010 0.002 6.50 66.4
0.3 6.0 0.980 0.020 0.003 6.51 132.7
0.7 10.0 0.960 0.040 0.006 6.53 220.4
0.8 11.0 0.950 0.050 0.008 6.54 242.0
1.0 13.0 0.940 0.060 0.010 6.55 285.6
1.5 18.0 0.910 0.090 0.014 6.59 393.5
1.7 19.0 0.900 0.100 0.016 6.60 414.7
1.8 22.0 0.880 0.120 0.019 6.62 478.6
2.0 25.0 0.860 0.140 0.022 6.64 542.1
2.3 28.0 0.840 0.160 0.026 6.66 605.2
2.6 32.0 0.820 0.180 0.029 6.68 689.3
2.9 37.0 0.800 0.200 0.032 6.71 794.4
3.2 41.0 0.780 0.220 0.035 6.73 877.4
3.5 44.0 0.760 0.240 0.038 6.75 938.4
2.9 50.0 0.740 0.260 0.042 6.77 1062.9
4.3 55.0 0.720 0.280 0.045 6.80 1165.2
4.6 59.0 0.700 0.300 0.048 6.82 1245.8
4.9 62.0 0.650 0.350 0.056 6.88 1298.1
5.2 63.0 0.600 0.400 0.064 6.94 1307.8

UNCONFINED
COMPRESSIVE Project No. SD760

STRENGTH FIGURE B-6.2
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SAMPLE ID: A 23 016 @ 25' 27.5' DESCRIPTION: SANDY SILT (ML)
INITIAL FINAL
1.0000 0.8660 SAMPLE HEIGHT [IN]

89.8 103.7 DRY DENSITY [PCF]
2.88 2.88 SPECIFIC GRAVITY (ASSUMED)
0.99 0.73 VOID RATIO (e)
33.3 25.5 WATER CONTENT [%]
96.6 100.0 DEGREE OF SATURATION [%]

CONSOLIDATION RESULTS Project No. SD760
FIGURE B 7.1
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SAMPLE ID: R 23 001 @ 45' 47.5' DESCRIPTION: Fat CLAY (CH)
INITIAL FINAL
1.0000 0.8110 SAMPLE HEIGHT [IN]

65.5 80.8 DRY DENSITY [PCF]
2.86 2.86 SPECIFIC GRAVITY (ASSUMED)
1.73 1.21 VOID RATIO (e)
60.5 42.3 WATER CONTENT [%]
99.8 100.0 DEGREE OF SATURATION [%]

CONSOLIDATION RESULTS Project No. SD760
FIGURE B 7.2
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SAMPLE ID: R 23 002 @ 50' 52.5' DESCRIPTION: SILTY SAND (SM)
INITIAL FINAL
1.0000 0.8760 SAMPLE HEIGHT [IN]

77.3 88.3 DRY DENSITY [PCF]
2.85 2.85 SPECIFIC GRAVITY (ASSUMED)
1.30 1.02 VOID RATIO (e)
38.7 35.7 WATER CONTENT [%]
85.1 100.0 DEGREE OF SATURATION [%]

CONSOLIDATION RESULTS Project No. SD760
FIGURE B 7.3
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APPENDIX C 

GEOTECHNICAL ANALYSES

SOIL PARAMETERS
Several soil parameters were interpreted from our field in-situ testing and laboratory test results. 
These parameters were used in the following calculations that are discussed in the later portions of 
this appendix. The presence of mica, organics, and/or seashells can influence the geotechnical 
engineering characteristics of the fill and upper paralic estuarine deposits. 

Hammer Energy-Corrected Blow Count (N60) 

The Hammer Energy-Corrected Standard Penetration Test (SPT) Blow Count (N60) was interpreted 
from our driven samples collected from the geotechnical borings and from the Cone Penetration 
Test (CPT) soundings. In the geotechnical borings, N60 was estimated using the methods described 
in Appendix A. In the CPT soundings, the N60 was estimated using a correlation included in the 
referenced publication (Robertson et al., 2012). Figure C-1.1 below provides a plot of the 
interpreted N60 versus elevation.

Figure C-1.1 – N60 versus Elevation
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APPENDIX C

GEOTECHNICAL ANALYSES (Continued)

Effective Angle of Internal Friction ( ’)

The effective angle of internal friction ( ’), or commonly known as friction angle, was measured in 
the laboratory by performing Direct Shear (DS) tests on partially intact samples collected from the 
geotechnical borings, as shown in Appendix B. It was also interpreted from our driven samples 
collected from the geotechnical borings and the Cone Penetration Test (CPT) soundings. In the
geotechnical borings, ’ was estimated using a correlation to SPT blow count (AASHTO, 2012). In 
the CPT soundings, the ’ was estimated using a correlation included in the referenced publication
(Robertson et al., 2012). Figure C-1.2 below provides a plot of the friction angle versus elevation.

Figure C-1.2 – Friction Angle versus Elevation
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APPENDIX C

GEOTECHNICAL ANALYSES (Continued)

Undrained Shear Strength (Su)

The undrained shear strength (Su) was measured in the laboratory by performing Unconfined 
Compressive (UC) strength tests on relatively undisturbed samples collected from the geotechnical 
borings, as shown in Appendix B. It was also interpreted from the Cone Penetration Test (CPT) 
soundings using a correlation included in the referenced publication and the computer program 
CPeT-IT (GeoLogismiki, 2023b; Robertson et al., 2012). Figure C-3 below provides a plot of the
undrained shear strength versus elevation.

Figure C-1.3 – Undrained Shear Strength versus Elevation

Undrained Shear Strength vs. Elevation 
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APPENDIX C 

GEOTECHNICAL ANALYSES (Continued)

LIQUEFACTION
The computer program CLiq (GeoLogismiki, 2023a) was used to perform liquefaction triggering 
calculations using several CPT-based methods, including those recommended by the NCEER 
Workshops (Robertson et al., 1997; Youd and Idriss, 2001) and Boulanger and Idriss (2014). CLiq
also calculates the estimated free-field volumetric settlement (below groundwater) and seismic 
compaction (above groundwater).  The analyses adopted the following input parameters: 

Peak Ground Acceleration (PGA): .............................................0.74g 
Earthquake Magnitude (Mw):...................................................... 6.9 
Design Groundwater Level:.................................... +3 feet NGVD 29

The PGAM was evaluated using the maximum considered earthquake geometric mean (MCEG) peak 
ground acceleration adjusted for Site Class effects (PGAM) obtained from the ASCE 7 Hazard Tool
(ASCE, 2023) in accordance with ASCE 7-16 (ASCE, 2017) and the 2022 California Building Code (CBSC, 
2022). The analyses preliminarily adopt a Site Class D to evaluate the PGA used for liquefaction 
triggering. This may need to be reviewed and updated following the completion of a ground 
response study for the site. The controlling magnitude used in the liquefaction evaluation was 
selected by reviewing deaggregation results obtained from the USGS Unified Hazard Tool (USGS, 
2023). The groundwater level was adopted as recommended in the Design Groundwater Elevation
section of this report.

The analyses were performed using data collected from the CPT soundings performed at the site. 
The correlated CPT parameters were compared to the results of our field and laboratory testing 
collected from the geotechnical borings. The Soil Behavior Type (SBT) correlated from the CPT data 
was adjusted to best fit the observations, classifications, and material properties of the soils 
observed within the borings. 

In accordance with Special Publication 117A (CGS, 2008) and general geotechnical engineering 
practices, the liquefaction analyses were limited to a depth of 60 feet to incorporate the potentially 
liquefiable layers that extend to depths of approximately 60 feet. 

The liquefaction settlement analyses include depth weighting proposed by Cetin et al. (2009), 
which consists of a linear factor that weights the volumetric strain with depth. This reduces the 
impact of volumetric strains at large depths. The weighting starts at one at the ground surface and 
reduces to zero at the weighting limit depth, selected to be the depth of analysis for this project 
(i.e., 60 feet). 
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APPENDIX C 

GEOTECHNICAL ANALYSES (Continued)

Our assessment of the potential for liquefaction triggering and estimate of the liquefaction-induced 
settlement interprets the following:

Potentially liquefiable soils occur at the design groundwater table (+3 feet NGVD 29) and 
extends to about 60 feet below existing grades (-50 feet NGVD 29). The liquefiable soils are 
predominantly silty sand (USCS Symbol SM), sand (SP-SM), and non-plastic sandy silts (ML). 
In the upper 40 feet below existing grades (-30 feet NGVD 29), liquefiable materials 
generally occur as a thick, continuous layer that is occasionally interrupted by thin layers of 
non-liquefiable materials less than about three feet in thickness. Below a depth of 40 feet, 
liquefiable materials occur in relatively thin layers (about 5-foot thick or less) that are 
separated by non-liquefiable materials that range from about two to ten feet in thickness. 

Estimated settlements range from 7.5 to 10 inches in our calculations. Differential 
settlement over the common 30- to 40-foot column spacing is typically estimated to be 
one-half to two-thirds of the total settlement. Actual settlements realized in the field 
following a seismic event can vary significantly from calculations. Accordingly, design total 
and differential liquefaction induced settlements are also provided in the table below to 
account for the potential variability of actual liquefaction induced settlements compared to 
those that were calculated as a part of this evaluation.

ESTIMATED LIQUEFACTION-INDUCED SETTLEMENT

Exploration
Calculated Total

Settlement 1,2

(Inches) 

Calculated
Differential
Settlement 3

(Inches) 

Design Total
Settlement 1,2

(Inches) 

Design 
Differential
Settlement 3

(Inches) 

SCPT-23-021 7.5 5 5.5 – 9.5 4 – 6.5 

SCPT-23-022 10 6.5 7.5 – 12.5 5 – 8.5 

CPT-23-023 8.5 5.5 6.5 – 10.5 4.5 – 7 

SCPT-23-024 10 6.5 7.5 – 12.5 5 – 8.5 

SCPT-23-025 8 5 6 – 10 4 – 6.5 

CPT-23-026 8 5 6 – 10 4 – 6.5 

CPT-23-027 7 4.5 5.5 – 9 3.5 – 6 

SCPT-23-028 9 6 7 – 11.5 4.5 – 7.5 
1 Settlement is the combination of liquefaction-induced and seismic compaction. Estimated magnitude of 
seismic compaction insignificant.
2 Settlement is a “free-field” estimate that does not consider: a) the shear strain due to foundation loading, 
and b) contribution of ejecta-related settlement. 
3 Differential settlement is measured over a common 30- to 40-foot column spacing.
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APPENDIX C 

GEOTECHNICAL ANALYSES (Continued)

STATIC SETTLEMENT
Compressible soils underlie the site.  Most of these soils are sands, silty sands, and non-plastic 
sandy silts that should settle elastically with the initial fill and structure loading (i.e., short-term 
settlement). However, there are local zones of thick fat clay and plastic silt that should experience 
some time dependent consolidation settlement (i.e., long-term settlement). The fat clay has a high
plasticity and we interpret it to be medium stiff and normally consolidated from consolidation test, 
unconfined compression test, in-situ moisture contents, and Plasticity Index data. The plastic silt
has medium plasticity and we interpret it to me medium stiff to stiff and slightly over consolidated 
from consolidation test, unconfined compression test, in-situ moisture contents, and Plasticity 
Index data.  The in-situ moisture contents are near or are above the Liquid Limit and the Liquidity 
Indices range from 0.7 to 2.0, which indicate relatively soft and high compressibility soils. The total 
static settlement estimated at each exploration location is the sum of the long-term and short-term 
settlements.

Settlement analyses were conducted using the soil profiles and groundwater conditions 
encountered in the recent explorations and laboratory test data.  The settlement magnitude and 
areal distribution were estimated with conventional elastic and consolidation soil mechanics 
methods. SPT and CPT correlations to elastic modulus were used to evaluate compressibility 
parameters for granular soils and non-plastic silts, and consolidation test results were used to
evaluate consolidation parameters in clay and plastic silts. The analyses utilize the Boussinesq 
method for estimating the loading stress attenuation with depth. Settlement is neglected below
the depth where the loading stress is less than 10 percent of the in-situ effective stress. The 
settlement parameters evaluated in these analyses do not consider increases in stiffness due to 
ground improvement or remedial grading and are therefore conservative in nature. 

Most of the long-term settlement should occur in a relatively short time following initial loading.  
The zones of clay and plastic silt are usually surrounded by sand or silty sand, which should allow
horizontal drainage to more quickly dissipate the excess porewater pressures that develop from 
loading. Estimated durations for substantial completion were not provided for the CPT locations 
because it is not part of the method. However, based on the interpreted thicknesses of the fine-
grained layers within the CPT soundings, the settlement durations should be similar to those 
evaluated for the boring locations (R-23-001 and R-23-002).  

The following table below provides the estimated short-term, long-term, and total static settlement 
and the durations of the long-term settlement assuming that a new fill thickness of three feet over 
a 250- by 250-foot area is placed in the vicinity of the exploration. 
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GEOTECHNICAL ANALYSES (Continued)

ESTIMATED STATIC SETTLEMENT FROM 3-FOOT-THICK FILL PLACEMENT

Exploration

Short-Term
Elastic

Settlement
(Inches) 

Long-Term
Consolidation 

Settlement
(Inches) 

Total Static 
Settlement

(Inches) 

Duration for 
Substantial 

Completion 1

(Months) 

SCPT-23-021 1.0 1.5 2.5 -- 2

SCPT-23-022 0.5 1.0 1.5 -- 2

CPT-23-023 0.5 1.0 1.5 -- 2

SCPT-23-024 1.0 1.0 2.0 -- 2

SCPT-23-025 0.5 1.0 1.5 -- 2

CPT-23-026 0.5 1.0 1.5 -- 2

CPT-23-027 0.5 1.0 1.5 -- 2

SCPT-23-028 0.5 1.5 2.0 -- 2

R-23-001 1.5 1.0 2.5 8 - 12 

R-23-002 1.0 0.5 1.5 2 - 3 
1 Duration for substantial completion is the time to reaching 90% of the estimated long-term consolidation settlement.  
2 Duration for substantial completion is not part of the CPT-based static settlement method.

The following table below provides the estimated short-term, long-term, and total static settlement 
and the durations of the long-term settlement assuming a new 10-foot square shallow foundation
embedded two feet below finished grade with a bearing pressure of 1,000 psf is placed in the 
vicinity of the exploration. 
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GEOTECHNICAL ANALYSES (Continued)

ESTIMATED STATIC SETTLEMENT FROM 10-FOOT SQUARE SHALLOW 
FOUNDATION WITH AN ALLOWABLE BEARING PRESSURE OF 1,000 PSF

Exploration

Short-Term
Elastic

Settlement
(Inches) 

Long-Term
Consolidation 

Settlement 
(Inches) 

Total Static 
Settlement

(Inches) 

Duration for 
Substantial

Completion 1

(Months) 

SCPT-23-021 0.5 0.5 1.0 -- 2

SCPT-23-022 <0.5 <0.5 0.5 -- 2

CPT-23-023 0.5 0.5 1.0 -- 2

SCPT-23-024 0.5 0.5 1.0 -- 2

SCPT-23-025 <0.5 <0.5 0.5 -- 2

CPT-23-026 <0.5 <0.5 0.5 -- 2

CPT-23-027 0.5 0.5 1.0 -- 2

SCPT-23-028 0.5 0.5 1.0 -- 2

R-23-001 <0.5 <0.5 0.5 <1

R-23-002 <0.5 <0.5 0.5 <1
1 Duration for substantial completion is the time to reaching 90% of the estimated long-term consolidation settlement.  
2 Duration for substantial completion is not part of the CPT-based static settlement method.

The assessment of settlement and duration is based on engineering analyses using data obtained 
from widely spaced explorations, where subsurface conditions could vary significantly across the 
site.  Due to these uncertainties, the estimated settlement and duration could vary across relatively 
short distances. Settlement monitoring is recommended to confirm these estimates and to plan the 
timing for construction of settlement sensitive improvements.
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GEOTECHNICAL ANALYSES (Continued)

DEEP FOUNDATIONS
18- and 24-inch diameter Drilled Displacement Piles (DDP) were evaluated for axial and lateral 
capacity. DDP displace the soil using a drill tool that is often proprietary to the Piling Contractor and 
do not generate spoil. The DDP recommendations assume the following:

DDP Assumptions

Finished Floor Elevation (FFE): +11 feet NGVD 29

Typical Pile Cutoff Elevation:   +7 feet NGVD 29  
[4 feet below FFE]

Pile Diameter:     18 and 24 inches 

Pile Configuration:    Single 

Geotechnical Conditions

Average Existing Grade (AEG) Elevation: +10 feet NGVD 29

Design Groundwater Elevation:  +3 feet NGVD 29  
[7 feet below AEG]

Fill:      +10 feet to +0 feet NGVD 29 
[0 to 10 feet below AEG]

Upper Paralic Estuarine Deposits:  +0 to -50 feet NGVD 29 
[10 to 60 feet below AEG]

Lower Paralic Estuarine Deposits:  -50 to -92 feet NGVD 29  
[60 to 102 feet below AEG]

Old Paralic Deposits (Qop):    -92 feet NGVD 29 and deeper  
      [102 feet below AEG and deeper] 

Axial Capacity

Figures C-2.1 to C-2.4, Allowable Vertical Pile Capacity present downward and upward allowable 
pile capacities versus embedment depth for 18- and 24-inch diameter DDP. These allowable 
capacities may be increased by one-third for short-term wind and seismic loads. Figures C-2.5 to C-
2.8, Ultimate Vertical Pile Capacity present downward and upward ultimate pile capacities versus 
embedment depth for 18- and 24-inch diameter DDP. The ultimate downward capacities are 
adjusted for downdrag loads, which are discussed further in the following section. The estimated 
capacities assume methods of pile installation that do not compromise shaft resistance and end 
bearing. 
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GEOTECHNICAL ANALYSES (Continued)

The axial pile group efficiency in compression is 1.0 assuming that piles are installed with a 
minimum spacing of three pile diameters (3D), center-to-center (CTC). DDP should have a minimum 
embedment of 25 feet into the Lower Paralic Estuarine Deposits (minimum tip elevation of -75 feet 
NGVD 29 corresponding to a minimum pile length of approximately 82 feet).

Seismic Settlement and Downdrag

In accordance with ASCE 7-16, the Structural Engineer should include the following liquefaction 
settlement-induced downdrag. Note that the Net Ultimate Vertical Pile Capacity per ASCE 7-16 is the 
ultimate vertical pile capacity less the corresponding downdrag load from the table below
presented in Figures C-2.5 through C-2.8. 

ESTIMATED LIQUEFACTION-INDUCED DOWNDRAG

Pile Diameter, inches
Downdrag Load, Kips

West  
(Residential)

East  
(New Sports Arena)

18 130 145

24 165 190

Lateral Capacity

Resistance to lateral loads can be estimated using the passive soil pressure against the pile caps 
and grade beams above groundwater and the bending resistance of the piles. We do not 
recommend using friction between pile caps or grade beams and the underlying soil due to the 
potential for long-term and liquefaction-induced settlement that may reduce the contact between 
the concrete and soil. The use of passive soil resistance assumes the following:

The remedial earthwork is completed as recommended in this report. 

There is infinite level ground surrounding the foundations. 

The design groundwater elevation stated in this report. 

The pile caps and grade beams are not deeper than stated in this report. 

Passive soil resistance may be estimated using an equivalent fluid weight of 250 pcf for grade 
beams and pile caps above groundwater that are poured neat against properly compacted fill.  This 
passive pressure is allowable and assumes a factor of safety of 1.5. The upper 12 inches of material 
in areas without concrete slabs or pavement should not be included in the estimation of passive 
resistance. 
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GEOTECHNICAL ANALYSES (Continued)

If passive pressure is used in combination with the bending resistance of piles, the selected passive 
resistance should be compatible with the deflection of the pile or pile groups providing resistance.
To evaluate the lateral displacement of a pile cap under loading, a Passive Force versus Lateral 
Displacement curve is presented for embedded pile caps 4 feet thick (with 3 feet of embedment) in 
Figure C-3.1. These recommendations assume remedial earthwork is performed as recommended 
in this report. Group Delta should be contacted for revised recommendations if the pile caps are
deeper than stated in this report.

Lateral capacity of 18- and 24-inch diameter DDP was computed using the computer program LPILE 
(Ensoft, 2019) using the p-y method. LPILE analyses were performed assuming free and fixed head 
conditions and pile head deflections of 0.5-, 1-, and 1.5-inch. The DDP were modeled using an elastic 
section with a cracked moment of inertia (50 percent of the gross moment of inertia), and an axial 
load of 150 kips. A minimum 28-day compressive strength of 4,000 psi was assumed for the concrete, 
corresponding to a concrete elastic modulus of approximately 3,600 kips per square inch (ksi). The 
following preliminary soil parameters were adopted for the lateral pile analyses. 

PRELIMINARY LPILE SOIL PARAMETERS

Elevation 
      (ft, 

NGVD 29)

Depth
Below Pile 
Head (ft)

Layer Unit 
Description

Liquefiable
(Yes or No)

Liquefiable
Layer P-

Multiplier

LPILE p-y 
Curve Soil 

Type

Unit 
Weight

[pcf]

Friction 
Angle

[degrees]

Undrained 
Strength 

[psf]

+10 to +3 -3 to 4 Fill No N/A Sand 
(Reese) 120 32 --

+3 to -5 4 to 12 Fill Yes 0.05 Sand 
(Reese) 58 29 --

-5 to -15 12 to 22 Upper
Paralic Yes 0.15 Sand

(Reese) 59 30 --

-15 to -30 22 to 37 Upper 
Paralic Yes 0.12 Sand 

(Reese) 58 30

-30 to -42 37 to 49 Upper 
Paralic No N/A

Stiff Clay w/
Free Water

(Reese)
44 -- 800 

-42 to -50 49 to 57 Upper 
Paralic Yes 0.15 Sand 

(Reese) 57 29 --

-50 to -60 57 to 67 Lower 
Paralic No N/A Sand 

(Reese) 58 33 --

-60 to -92 67 to 99 Lower 
Paralic No N/A Sand 

(Reese) 58 36 --

-92 and 
below

99 and 
below Old Paralic No N/A Sand 

(Reese) 58 40 --
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GEOTECHNICAL ANALYSES (Continued)

We performed analyses using p-multipliers (pm) of 1.0 and 0.5 to evaluate two potential pile 
arrangement configurations. A pm of 1.0 assumes piles are arranged singly or are in groups that have 
a minimum spacing of 8D, center-to-center. A pm of 0.5 assumes piles are arranged in groups and are 
spaced closer than 8D. The table below should be used to evaluate the applicable pm for specific piles 
in a group based on the spacing of the piles and the number of rows in the group. To evaluate the 
capacity of the piles in a group, the capacity of the pile may be linearly interpolated between the 
values provided for a pm of 1.0 and 0.5.

P-MULTIPLIERS 

Pile CTC Spacing
(in the Direction of Loading)

P-Multipliers

Row 1 Row 2 Row 3 or Higher

3.0*D 0.75 0.55 0.40

5.0*D 1.00 0.85 0.70

7.0*D 1.00 1.00 0.90

Deflections, maximum shear forces, and bending moments for 18- and 24-inch DDP were 
calculated using the parameters above for liquefied conditions (see Figures C-3.2 through C-3.9). 
The table below summarizes the estimated maximum shear at the pile head for each of the pile 
diameters, fixity conditions, pile head deflection, and pm that were evaluated. The estimated 
maximum shear values are unfactored and are considered ultimate values.

ESTIMATED MAXIMUM SHEAR FORCE AT PILE HEAD – 18-INCH DIAMETER DDP

Pile Head Fixity 
Condition P-Multiplier, pm

Maximum Shear at Pile Head (kips)

Pile Head Deflection (inches)

0.5 1.0 1.5

Fixed Head
1.0 35.5 49.6 54.7

0.5 19.8 28.1 31.7

Free Head
1.0 22.1 32.3 35.4

0.5 12.1 17.7 19.0
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GEOTECHNICAL ANALYSES (Continued)

ESTIMATED MAXIMUM SHEAR FORCE AT PILE HEAD – 24-INCH DIAMETER DDP

Pile Head Fixity 
Condition P-Multiplier, pm

Maximum Shear at Pile Head (kips)

Pile Head Deflection (inches)

0.5 1.0 1.5

Fixed Head
1.0 49.3 73.7 83.6

0.5 28.0 42.5 49.6

Free Head
1.0 31.9 45.8 52.4

0.5 17.4 25.4 29.0
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