—

GHD,

—

BMP Structural
Design Report -
Northern
Impoundment

San Jacinto River Waste Pits Site Harris
County, Texas

International Paper Company and McGinnes Industrial
Maintenance Corporation

May 23, 2025

AT T XA
100033545

—> The Power of Commitment

194133



Contents

Introduction

2. Geotechnical Data

2.1
2.2

23
24

Geotechnical Investigations

Subsurface Geology

2.21 Surficial Alluvium Sediments

2.2.2 Beaumont Clay Formation

223 Beaumont Sand Formation

Hydraulic Conditions

Geotechnical Design Parameters

2.4.1 Saturated and Buoyant Unit weights, y
242 Undrained Shear Strength, Su

2.4.3 Undrained Modulus, Eu and Poisson coefficient, vu

24.4 Drained modulus, E’ and Poisson Coefficient, v
2.4.5 Effective Stress Parameters, ¢’ and ¢’

2.4.6 Over-Consolidation Ratio, OCR

2.4.7 Consolidation Parameters

248 Hydraulic Conductivity

249 Geotechnical Parameters Summary

3. Design Parameters

3.1
3.2
3.3

3.4
3.5
3.6

3.7

In-Situ Soil Parameters
River Water Levels
Scour

3.3.1 BMP Exterior
3.3.2 BMP Interior
Wind

Waves

Barge Impact

3.6.1 Impact Energy
3.6.2 Impact Velocity
Earthquake

Load Combinations

5. Design Criteria

5.1
5.2

5.3
5.4

Failure Modes

Safety Factors

5.21 Embedment Depth
5.2.2 Sheet Pile Sections
5.2.3 Tie-Rod Sections
524 Walers

Deflection

Corrosion Protection

© ©W oo ~N~N~NoOouo b~ BABAMDIMPMNWOWWOW =

©

10
10
10
11
11
12
12
14

14
15

15
15
16
16
17
17
17
18
18

GHD | International Paper Company and McGinnes Industrial Maintenance Corporation | 11215702 (17) App | | BMP Structural Design

194134

Report - Northern Impoundment



6. BMP Design

6.1
6.2

6.3
6.4

6.5
6.6
6.7

6.8
6.9
6.10

Analysis

Analysis Sections

6.2.1 Cross-Section C1

6.2.2 Cross-Section C2

6.2.3 Cross-Sections C3 and C3A
6.2.4 Cross-Section C4

6.2.5 Cross-Section C4A

6.2.6 Cross-Section C5

6.2.7 Cross-Sections C6 and C7
Alternative 1: Combination Wall with Tie-back Anchors
Alternative 2: Cantilever Concrete Secant Pile
Alternative 3: Concrete Secant Pile with Tieback Anchors
Alternative 4: Combination Wall with Brace Piles
Design System: Double Wall System
Design Selection: Double Wall System

Structural Components

Scour Protection
6.4.1 BMP Exterior
6.4.2 BMP Interior

Wind Load Evaluation
Wave Load Evaluation

Barge Impact
6.7.1 Barrier Wall

6.7.2 BMP Impact
6.7.2.1 Analysis Model

Pile Driveability and Vibration Analysis
Seepage through Sheet Piles

Design Summary
6.10.1  Analysis Notes

7. Other Considerations

7.1
7.2
7.3

Foundation Substructure of I-10 Bridge
Underground Utilities
Slope Stability

19
19
20
21
21
22
23
24
25

25
26
27
27
27
27
28

28
28
28
29

29
30

30
30

31
32

33
35
36
37
37
37
37
38

GHD | International Paper Company and McGinnes Industrial Maintenance Corporation | 11215702 (17) App | | BMP Structural Design

194135

Report - Northern Impoundment



Table index

Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 3.1
Table 3.2
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 6.1
Table 6.2
Table 6.3

Figure index

Figure 1.1
Figure 1.2
Figure 2.1
Figure 2.2
Figure 3.1
Figure 3.2
Figure 5.1
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13
Figure 6.14

Unit Weights 5
Undrained Elastic Modulus 6
Drained Elastic Modulus 6
Effective Strength Parameters 7
Over-Consolidation Ratio OCR 7
Consolidation Parameters 7
Hydraulic Conductivity 8
Geotechnical Parameters for Design 8
Wave Height for Maximum Winds (1 hour) from North 11
Velocity - Hydrodynamic Model 14
Safety Factors for Passive Pressures - EM 1110-2-2504 16
Allowable Stresses for Sheet Piles - EM 1110-2-2504 17
Overstrength Factors for Tie-Rod - AISC 360 17
Overstrength Factor for Walers - AISC 360 18
Loss of Thickness due to Corrosion 19
Barge Impact Analysis Output — Extreme Allowable Stress 33
Barge Impact Analysis Output — Elastic Yield Stress 33
Summary of BMP Design 37
Northern Impoundment BMP Alignment - Plan View 2
Typical Cross-Section of the BMP 2
Locations of Geotechnical Soundings 3
Geotechnical Information along BMP 5
Fetch Distance near Northern Impoundment 12
Navigational Waterway Northern Impoundment 13
Typical Thickness Loss - Nucor Skyline Catalog, Ports & Marine Construction 18
General Extents of the Analysis Cross-Sections 20
Analysis Cross-Section C1 21
Analysis Cross-Section C2 22
Analysis Section C3 23
Analysis Section C3A 23
Analysis Section C4 24
Analysis Section C4A 24
Analysis Section C5 25
Analysis Section C6 26
Analysis Section C7 26
FRP Barrier Wall — Alignment 31
FRP Barrier Wall — Typical Section 31
Vibration Amplitude (PPV) for Pile Installation Equipment 35
Discharge - Pressure Drop Relationship, Arcelor Mittal 36

GHD | International Paper Company and McGinnes Industrial Maintenance Corporation | 11215702 (17) App | | BMP Structural Design

194136

Report - Northern Impoundment iii



Attachments

Attachment 1
Attachment 2
Attachment 3

Attachment 4

Geotechnical Parameters and Data Profiles
BMP Analysis - PLAXIS Sections
Structural Calculations

3.1
3.2
3.3
3.4
3.5
3.6

3.7
3.8
3.9

BMP Design Calculations
Exterior Scour Protection
Interior Scour Protection

Wind Load Evaluation

Sheet Pile Seepage Evaluation
Barge Impact Evaluation

WEAP Output
Velocity Buoy Data Processing
Wind and Wave Evaluation

Slope Stability - Excavation

GHD | International Paper Company and McGinnes Industrial Maintenance Corporation | 11215702 (17) App | | BMP Structural Design

194137

Report - Northern Impoundment iv



1. Introduction

This Best Management Practice (BMP) Design Structural Report (Report) was prepared by GHD Services Inc. (GHD),
on behalf of International Paper Company (IPC) and McGinnes Industrial Maintenance Corporation (MIMC; collectively
referred to as the Respondents) for the Northern Impoundment of the San Jacinto River Waste Pits Superfund Site in
Harris County, Texas (Site). The Northern Impoundment is located immediately north of the Interstate Highway-10
(1-10) Bridge over the San Jacinto River. The remedial activities described in the 2017 United States Environmental
Protection Agency (EPA) Record of Decision (ROD) require the removal of the waste material within the Northern
Impoundment, much of which is submerged in the river. The excavation depths to remove the waste material extend,
in some locations, tens of feet (ft) below the riverbed. As part of the Third Final 100% Remedial Design - Northern
Impoundment (Third Final 100% RD), the Respondents have proposed to construct an engineered barrier or
cofferdam (best management practice [BMP] wall) encircling the Northern Impoundment to divert water around the
Northern Impoundment and allow excavation of the waste material in the dry. This Report summarizes the design
criteria, geotechnical parameters, structural analysis and calculations, and various other considerations involved in the
design of the BMP wall.

The BMP is proposed to consist of a double sheet pile wall approximately 3,340 ft in length (i.e., two parallel sheet pile
walls connected with tie-rod anchors and filled with a fill material). The proposed alignment presented in the Third
Final 100% RD locates the BMP a minimum of 30 ft away from the horizontal excavation extent on all sides of the
impoundment with the exception of locations along the southern extent, in which the minimum offset is slightly less
than 30 ft in some places, as shown on Figure 1-1.

For purposes of the BMP wall's design, the existing riverbed between the BMP (interior wall) and the excavation area
is referred to as a “Soil Buttress.” The width of the Soil Buttress (30 ft in most locations) will be maintained during
excavation activities and allows the BMP to remain structurally sound while conducting the excavation activities. In
some instances, additional fill material is added to the Soil Buttress to raise the interior riverbed elevation and reduce
the exposed height of the BMP above riverbed elevation. That additional fill is referred to as a “Raised Bench.” A
riprap apron is installed on the exterior and interior side of the BMP to protect the riverbed from potential scour due to
change in flow dynamics and overtopping during a flooding event, respectively. A sacrificial barrier wall comprising of
fiberglass reinforced polymer (FRP) composite piles and walers will be installed approximately 20 ft from the exterior
wall of the BMP to protect specific portions of the BMP from barge impacts.

The BMP will be a temporary structure, expected to remain in place for the length of the remedial action (RA),
currently estimated at approximately seven years. A typical cross-section of the BMP is shown on Figure 1-2.
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2. Geotechnical Data

21 Geotechnical Investigations

In order to define the geotechnical conditions of the Northern Impoundment, four geotechnical investigations were
conducted as listed below:

— Remediation investigation (RI) in 2011.

—  First Phase Pre-Design Investigation (PDI-1) in 2018.

— Second Phase Pre-Design Investigation (PDI-2) in 2019.

—  Supplemental Design Investigation in 2021.

The Geotechnical Engineering Report (Appendix B) includes additional details, field logs, laboratory results, and a
summary of these investigations. During these four investigations, a total of 43 geotechnical boreholes were drilled.
During the recent SDI, two piezometers were installed, and cone penetration tests (CPT) were also performed at
13 locations on or close to the alignment of the proposed BMP. Figure 2-1 shows the locations of the geotechnical
soundings.

M SDI Geotechnical Boring and Deep Piezometer Location
A SDI Geotechnical Boring and Deep Piezometer with SPT and Shelby Tubes|
‘ PDI-2 Analytical and Geotechnical Boring Location

SIETRG @ PDI-2 Geotechnical Boring Location
- (5 CPT Boring

CPT Calibration Boring

ﬁﬂ;m&’i
-
' Shear Vane Testing
RI Geotechnical Core with Primary and Secondary COPCs
RI Geotechnical Core
PDI-1 Geotechnical Boring Location
| PDI-1 Analytical and Geotechnical Boring Location
L) Non-impacted Berm Area
: : TCRA Cap Perimeter

Extent of ACBM

u

\
{SUG5009)

Figure 2.1 Locations of Geotechnical Soundings

2.2 Subsurface Geology

The geology in the vicinity of the Northern Impoundment is highly heterogeneous and a thorough understanding of that
geology is critical for the design of the BMP. A detailed description of the Northern Impoundment geology is provided
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in the Geotechnical Engineering Report (Appendix B). The approximate subsurface stratigraphy within the Northern
Impoundment, as determined from the various geotechnical investigations, is comprised of the following three layers.

2.2.1 Surficial Alluvium Sediments

The Surficial Alluvium Sediments are fairly heterogenous, consisting of silty sands, sands silts, lean clays, and sandy
clays. The cohesive sediments are typically very soft to firm and the cohesionless granular sediments are
loose-to-compact. The thickness of the sediments ranges between 10 to 30 ft.

2.2.2 Beaumont Clay Formation

The Beaumont Clay Formation was generally encountered starting at elevations ranging between -20 ft to -35 ft North
American Vertical Datum of 1988 (NAVD88). This formation is composed of a stiff-to-very-stiff high plasticity clay (fat
clay) and interspersed with seams or lenses of sandy materials. The formation extended to approximate elevations

of -80 ft NAVD88 on the western side and -65 ft NAVD88 on the eastern side of the Northern Impoundment.

2.2.3 Beaumont Sand Formation

The Beaumont Sand Formation was generally encountered at elevations ranging between -50 ft to -70 ft NAVD88.
This formation is essentially composed of compact-to-dense silty sand to clayey sand.

2.3 Hydraulic Conditions

During the SDI in 2021, piezometers were installed in borings SIMW-16 and SUIMW-17 and the water levels were
logged in these piezometers at regular time intervals. The monitored data show that the water level in the river
fluctuates with the tides between elevations 0 to 3 ft NAVD88 (with an average of 1.5 ft) while the piezometric level in
the Beaumont Sand fluctuates between elevations -4 to -2 ft NAVD88 (with an average value of approximately -2.5 ft).

24  Geotechnical Design Parameters

Figure 2-2 shows the available data from various geotechnical investigations for the Northern Impoundment along the
BMP alignment. The following sections outline the various geotechnical parameters used for the analysis of the BMP.
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Figure 2.2 Geotechnical Information along BMP

2.4.1 Saturated and Buoyant Unit weights, vy

The total unit weight, ys was estimated based on the water content values considering a specific density, G of 2.7. The
variation of ys with elevation for the alluvium sediment, Beaumont Clay and Beaumont Sand is shown in Enclosure 1.A
of Attachment 1.

Table 2-1 presents the saturated and buoyant unit weights considered in the analysis.

Table 2.1 Unit Weights

[ Saursts unt weign @uoyantuntwoign e
Alluvions Sediments Beaumont Clay Beaumont Sand Fill
118 (55.6) 125 (62.6) 130 (67.5) 130 (68)

2.4.2 Undrained Shear Strength, Sy

The undrained shear strength (Su) profiles based on the vane test measurements and CPT soundings are shown in
Attachment 1.

1. Alluvium Sediments: Enclosure 2.A
2. Beaumont Clay: Enclosure 2.B.
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2.4.3 Undrained Modulus, Eu and Poisson coefficient, vu

The undrained elastic modulus Eu was estimated based on correlations with the undrained shear strength Su. The Eu
profiles shown in Attachment 1 for the Alluvium Sediments and Beaumont Clay layer (Enclosures 3.A and 3.B) were
defined using Equations 2-1 and 2-2, below.

Alluvium Sediments: Eu = 400. Su [2-1]
3. Beaumont Clay: Eu = 300. Su [2-2]

Table 2-2 presents the E, values considered in the analysis.

Table 2.2 Undrained Elastic Modulus
Undrained Elastic Modulus Eu, tsf
Alluvium Sediments | Beaumont Clay Beaumont Fill
Sand
50 400 (for the first 10 ft following the Alluvium/Clay interface) N/A N/A
(Enclosure 3.A) 500 (for the remaining clay thickness)

(Enclosure 3.B)

Undrained Poisson Coefficient vu = 0.5 is considered in the design (corresponding to the theoretical value).

2.4.4 Drained modulus, E’ and Poisson Coefficient, v

For the cohesive deposits (Alluvium Sediments and Beaumont Clay), the drained elastic modulus E’ was evaluated
from the undrained modulus (see Table 2-3) using the following theoretical equation:

E’ =Eu (1+v)/1.5 [2-3]
Assuming Vv’ (drained Poisson coefficient) value of 0.3, equation 2-3 becomes:
E’=0.87 Eyu

For cohesionless soils (Beaumont sand and cohesionless layers of the Alluvium Sediments), the drained elastic
modulus was estimated using equation 2-4 based on correlations using the CPT results.

E’ = 0.015. 10 055Ic+168_(q; -Gvo) [2-4]
Where:

— qtis the tip resistance.
—  ow is the total vertical stress.
— lcis the CPT behavior index.

Table 2-3 presents E’ values considered in the analysis.

Table 2.3 Drained Elastic Modulus
Alluvium Sediments Beaumont Clay Beaumont Sand Fill
435 0.87. E! 1040 150
(See Enclosure 3.C)
Notes:

1 Refer to Section 2.4.3 for values of Ey

Drained Poisson Coefficient v’ = 0.3 is considered in the design.
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2.4.5 Effective Stress Parameters, ¢’ and ¢’

The friction angle ¢’ and the effective cohesion ¢’ for both the cohesive Alluvium Sediments and the Beaumont Clay
were defined based on a limited number of triaxial tests results.

The friction angle ¢’ for the cohesionless alluvium sediments and Beaumont Sand was defined from CPT results
correlation presented in the literature - equation 7-5. Enclosures 4.A and 4.C in Attachment 1 show ¢’ profiles as
defined from this equation for cohesionless alluvium sediments and Beaumont sand, respectively.

¢’ =17.6 + 11. log ((qt -0-6w)/c)/Gvo)  [2-5]

The effective strength parameters used in the design are presented in Table 2.4.

Table 2.4 Effective Strength Parameters

Alluvium Sediments Beaumont Clay Beaumont Sand

mm

(See 42 (See 150 (See 0 32 0
Enclosure 4.A) Enclosure 4.B) Enclosure 4.C)

2.4.6 Over-Consolidation Ratio, OCR

The over-consolidation ratio (OCR = ¢’p /6’vo) values were defined from correlations-based CPT results (using
Equation 2-6). The estimated OCR value profiles are shown in Enclosure 5.A of Attachment 1.

OCR =0.33. (qt-ow) [2-6]
Where:

— qtis the tip resistance.
—  ow is the total vertical stress.

The OCR values used for the design are presented in Table 2-5.

Table 2.5 Over-Consolidation Ratio OCR
OCR
Alluvium Sediments Beaumont Clay Beaumont Sand Fill
1.0 10to 2 N/A N/A

See Enclosure 5.A

2.4.7 Consolidation Parameters

The consolidation parameters based on consolidation tests are listed in Table 2-6.

Table 2.6 Consolidation Parameters
Recompression, cr 0.04 0.02 N/A N/A
Compression Index, cc 0.32 0.25
Initial Void Ratio, eo 0.95 0.68
Pre-Consolidation pressure, 6c’p | = 6'vo Varies with OCR

(See Enclosure 5.A)
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2.4.8 Hydraulic Conductivity

The hydraulic conductivity k profiles were derived from the CPT results and hydraulic conductivity tests (Enclosure 6.A
of Attachment 1). The k values considered for the design are summarized below in Table 2-7.

For the sediments eight (8) lab tests were done for RI12020 in addition to the 3 ones already considered in the initial
Enclosure 6.A. The results show the k values from the CPT are in the range of the lab values. The average value is
about 4x10-3 ft/day.

For the clay, three (3) lab test was done in RI2020. The k lab values show a large scatter (about 2 order of

magnitude).

The correlation providing the hydraulic conductivity value based on the CPT results is:

k = 10(0.952-3.041c) m/s where 1.00 < Ic £ 3.27

k = 10t452-137lc) m/s, where 3.27 < lc < 4.00

Ic is a function of the parameters gt and fs measured in a CPT sounding.

Table 2.7

Hydraulic Conductivity

Hydraulic Conductivity, ft/day

Beaumont Sand

Alluvium Sediments

0.3t0 3.0x 10*

Beaumont Clay

102 to 10

25

2.4.9 Geotechnical Parameters Summary

A summary of the geotechnical parameters used in the design are provided in Table 2-8.

Table 2.8

Geotechnical Parameters for Design

Fill

3

Definition Unit Alluvium Beaumont Clay | Beaumont Fill
Sediments Sand

Unit weight (saturated), b/ft
Undrained Young Modulus, Eu tsf
Drained Modulus, E' tsf
Undrained Poisson Coefficient, vu -
Drained Poisson coefficient, V' -
Friction Angle, ¢' Degree
Effective Cohesion, ¢' psf
Undrained Shear Strength, Su tsf
Over-Consolidation Ratio, OCR -
Hydraulic Conductivity, k ft/day

Recompression Index, cr -

Compression Index, cc -

Initial void ratio, eo -

cc/(1+eo)

118

50
Enclosure 3.A

43.5

0.5

0.3

26

42
Enclosures 2.A
1

1.1 x 103
0.03
0.32
0.95
0.16

125

400 to 500
Enclosure 3.B

0.87. Eu
0.5

0.3

28

150
Enclosure 2.B
10to 2
8.6 x 103
0.03
0.29
0.68
0.15

130

1040

0.3
37

150

0.3
30
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3. Design Parameters

The following guidelines and standards are the ones that were primarily used to develop the design of the BMP:
— American Society of Civil Engineers (ASCE) 7-16, Minimum Design Loads and Associated Criteria for Building
and Other Structures.

—  Engineering Manual (EM) 1110-2-2504, Design of Sheet Pile Walls by United States Army Corps of Engineers
(USACE).

—  American Institute of Steel Contractors (AISC) 360-16, Steel Construction Manual 15t Edition.
— USACE Hurricane and Storm Damage Risk Reduction System Design Guidelines, updated June 2012.

— American Association of State Highway and Transportation Officials (AASHTO) LRFD Bridge Design
Specifications, 2012.
—  Nucor Skyline Technical Product Manual, 2021 Edition.

—  Arcelor Mittal Impervious Steel Sheet Pile Walls Design & Practical Approach.

ASCE 7-16 categorizes structures into four Risk Categories (I through 1V). During time periods when excavation is
taking place, the BMP may be considered similar to structures or facilities that process, handle, or store toxic
substances. ASCE 7-16 categorizes such structures or facilities as being in Risk Category IV, in which the failure of
such structures or facilities may pose a significant hazard to the public.

USACE EM 1110-2-2504 defines the following load case conditions based on severity and probability of occurrences
during the design life of the structure:

— Usual: Service level loading experienced frequently such as static earth pressure, hydrostatic pressures after
installation of the BMP and during excavation with normal water levels in the river.

— Unusual: Loads larger than those considered usual and experienced less frequently such as 100-year probability
storm events and high water levels in the river.

—  Extreme: Worst-case scenario loads, rarely experienced during the design life of the structure, such as hurricane
level winds, flood levels in the river and barge impacts.

Note: All elevations in the calculation are noted with respect to the NAVD88 datum.

3.1 In-Situ Soil Parameters

The soil parameters evaluated for the design and analysis of the BMP are discussed in Section 2.4. The subsurface
soils include fine grained material that is expected to behave differently in drained (long-term) and undrained
(short-term) condition. Both drained and undrained behaviors were analyzed.

3.2 River Water Levels

The loading from the river water with a density of 62.4 Ib/ft® was applied as hydrostatic pressure.

The river water is influenced by the tidal waters from the bay and Gulf of Mexico. The water density will be in the range
of 62.4 Ib/ft3 (freshwater) to 64 Ib/ft3(seawater). The maximum difference of 1.6 Ib/ft3 (2.5%) will not have any impact
on the design.

Tide data is available from the NOAA' Station 8770613 located approximately 9 miles south of the Northern
Impoundment. The mean higher high water (MHHW) elevation is 1.33 ft with respect to the mean lower low water
(MLLW). The daily tide variation is significantly lower than the water levels assumed for the design of the BMP. Hence,
tides will not govern the design.

' National Oceanic and Atmospheric Administration Station at Morgans Point, Barbours Cut, Texas.
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The different water elevations corresponding to various load case conditions are as follows:

—  Usual +5 ft NAVD88
— Unusual +10 ft NAVD88
— Extreme +10 ft NAVD88 (used for Barge Impact loading condition)

3.3 Scour
3.3.1  BMP Exterior

The presence of the BMP can affect the natural flow state of the San Jacinto River in the vicinity of the Northern
Impoundment. The scour potential of the river flow around the BMP installation was evaluated using the
Hydrodynamic Model developed for the Northern Impoundment. The shear stresses determine the capability of the
river flow to move the riverbed material (sediment). The analysis method and results are provided in Appendix F.

The model evaluated the changes in water circulation with and without the BMP installation for 2-year, 10-year,
100-year and 500-year flow event in the river. The analysis results show that average flow velocity increases as the
river discharge increases, and it decreases with the increase in water surface elevation.

With the measured average sediment size, it is noted that shear stress exceeding 0.15 Pascals (Pa) has the potential
to mobilize the sediment in the vicinity of the Northern Impoundment. The analysis results show maximum increase in
shear stress of 2.65 Pa, maximum value of shear stress of 4.34 Pa and an average value of 0.24 Pa. The shear stress
values are large compared to the critical shear stress value of 0.15 Pa for the sediment in the area, indicating that the
soil particles are mobile and there is potential for scour and/or sediment deposition along the outside perimeter of the
BMP.

The maximum shear stresses differences were observed in two locations — the southwest corner and the north side of
the BMP installation. The elevated shear stresses are due to the increase in the river flow within these areas due to
the presence of the BMP. However, the bathymetry in the model does not account for modifications of the access road
for purposes of the RA which will elevate the area in the southwest corner, limiting the river flow and in effect,
preventing increase in the shear stress reflected in the analysis model.

The relatively small value of the maximum shear stress indicates that, except for the two locations discussed above,
the conditions overall remain similar to the existing conditions (without the BMP in place). The pattern is similar for all
the four modelled storm conditions (2-year, 10-year, 100-year and 500-year flow events) with only small differences in
magnitude.

Scour protection measures such as rock or riprap will be required around the majority of the perimeter of the wall (see
Figure 1-1).

3.3.2 BMP Interior

Based on the evaluation of the historic data for the water levels and hindcast model (Third Final 100% RD), there have
been five (5) instances of water level exceeding elevation +10 ft that occurred outside the planned excavation season.
The BMP is designed for water levels ranging from normal levels (elevation +2 ft) to top of the exterior wall (elevation
+10 ft).

For the rare instances where the water level exceeds elevation +10 ft, the plunging water may cause scour at the
interior base of the BMP wall. The riverbed elevation within the Northern Impoundment varies between 0 to -5 ft on the
interior of the BMP walls, except in the northwest corner where the riverbed elevation is approximately -15 ft. The
riverbed elevation will be raised to elevation -4 ft along the northwest corner by installing a 30 ft wide bench.

Based on the calculated flow rate over the height of the BMP, the entire BMP will fill to top of the wall within 1 to
2 hours when the river level rises only 6 inches above the top of the BMP wall. The water levels in the river may
continue to rise for several hours but as the Northern Impoundment starts filling with water, the energy of the water
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overtopping the structure will be dissipated before it reaches the base of the BMP wall and the potential for scour will
be reduced.

Scour protection measures such as rock or riprap will be provided along the entire interior perimeter of the walls for the
initial stages of river water overtopping the BMP wall, should this occur.

34 Wind

The 3-second gust design wind speeds and hurricane exposure are defined in ASCE 7-16 Chapter 26. The
web-based hazard tool by ASCE (https://asce7hazardtool.online) provides site-specific information. The standard
design wind speeds relate to a maximum recurrence interval (MRI) of 100years. The wind speeds for Risk Category IV
structure in hurricane exposure areas correspond to MRI of 3000years. All wind speeds are defined at 33ft above
ground level.

—  Design wind velocity, 3-second gust, MRI 10-years, V10 = 77 mph.

—  Design wind velocity, 3-second gust, MRI 100-years, V100 = 116 mph.

—  Design wind velocity, 3-second gust, MRI 3000-years, V3000 = 154 mph.

—  Exposure Category C.

—  Wind directionality, Ka = 0.85 (solid freestanding wall).

—  Topographic Factor, Kzt = 1.0.

—  Ground Elevation Factor, Ke = 1.0.

—  Velocity Pressure Exposure Coefficient, K; = 0.85.

Velocity Pressure, gz = 0.00256 K Kzt Ka Ke V2
Using V = V100, gz100 = 24.89 Ib/ft? (Unusual load condition).
Using V = Vo000, qzaooo = 43.87 Ib/ft? (Extreme load condition).

3.5 Waves

Wind-waves are generated by sustained winds over unobstructed open waters (fetch). The Northern Impoundment is
sheltered by land on all sides within 0.2 miles except the north and northwest directions as shown in Figure 3.1. There
are barges moored on the north side within 0.3 miles interrupting the open waters and beyond that, the nearest land is
0.5 miles away. The fetch distance perpendicular to the northwest is less than 1.5 mile.

Table 3.1 provides the maximum wave height developed from sustained winds over the maximum fetch distance. The
detailed evaluation of wind speed, wind direction, and water levels to calculate the waves near the Northern
Impoundment is provided in Attachment 3.

Table 3.1 Wave Height for Maximum Winds (1 hour) from North
Water Level Average Water Wind Wave Height | Peak Period (s) Effective Water
(ft NAVD88) Depth (ft) (ft) Surface Elevation (ft
NAVD88)

2 10 0.85 2.63 2.85

3 11 0.85 2.64 3.85

4 12 0.85 2.65 4.85

5 13 0.86 2.65 5.85
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Since the BMP is designed for water surface elevation at top of the wall (elevation +10 ft), the wind-waves will not
govern the BMP design over the loading scenarios with the total hydrostatic pressure applied from top of the wall and
barge impact as described in Section 3.6.

/
P X

Figure 3.1 Fetch Distance near Northern Impoundment

Wake-waves are generated by passing vessels in the area and approach the BMP walls at an angle as the navigation
channel flows parallel to the walls. Similar to the wind-waves, wake-waves should also be combined with the normal
water levels in the area (elevation +2 ft to +5 ft). Wind-waves are not combined with wake-waves since passing
vessels overlapping with a storm event is unlikely. Since the BMP will be designed for water surface elevation at top of
the wall (elevation +10 ft), the wake-waves will not govern the BMP design over the loading scenarios with the total
hydrostatic pressure applied from top of the wall and barge impact as described in Sectio 3.6.

3.6 Barge Impact

Given the heavy barge traffic in the San Jacinto River, there is a potential for the BMP to be struck by a barge. An
impact could be the result of a barge coming off its mooring and drifting toward the BMP during a storm or it could be
the result of a towed barge veering off course. The segment of the river around the BMP actively used by barges is
shown in Figure 3-1. The barges traveling in the navigational waterway, either empty or loaded, would be likely to
make contact with the BMP at an angle. The barges moored directly north of the BMP would be likely to make
head-on contact with the BMP. The impact energy from a barge moving at the river flow velocity will be absorbed by
the combination of a barrier wall system installed outboard of the BMP and the BMP structure.

3.6.1 Impact Energy

The kinetic energy from impact can be determined as follows, where velocity may be either the flow velocity or the
navigation speed. The energy of impact will be lower for any impact angle other than head-on collision.
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Kinetic Energy of Impact = 0.5 x Mass x (Velocity x cosine (a))?
Where:
Mass = Mass of the vessel
Velocity = Speed of the vessel at impact
cosine (a) = directional factor for impact angle relative to the velocity vector.
= 1 for Head-on impact, i.e., 0 degrees relative to velocity vector.

The kinetic energy will be absorbed by the structures (barrier wall and BMP) but the barge itself will absorb some
energy and suffer damage. The American Association of State Highway Transportation Officials (AASHTO)? method to
determine impact force absorbed by bridge piers was used for evaluating the BMP. This method is conservative since
the BMP will have a larger profile area than the typical bridge piers to absorb impact and distribute the energy.

Figure 3.2 Navigational Waterway Northern Impoundment

The USACE has developed design guidelines outlining minimum impact forces for hurricane protection structures in
the New Orleans area.? These include structures in protected waterways not exposed to tidal surge (Zone 1A). The
conditions at the Northern Impoundment are similar. The extreme load condition criterion for Zone 1A corresponds to
an impact force of 400 kips from a light barge applied at the top of the wall with hydrostatic pressure induced by the
100-year still water level and wind load applied on any exposed portion of the wall. It should be noted that heavier
vessels did not govern the design as the velocities of these vessels were considerably less.

2 AASHTO LRFD Bridge Design Specifications, Section 3.14
3 USACE Hurricane and Storm Damage Risk Reduction System Design Guidelines, Section 5.2.1.
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AASHTO requires all bridge piers located in navigable waterway crossings to be designed for ship and barge impact.
The required minimum impact load corresponds to a 195-ft long, 35-ft wide, and 12-ft tall empty hopper barge
(displacement = 200-ton), drifting toward the structure. This barge size is representative of the barges in the area.

The Texas Department of Transportation (TXxDOT)’s design criteria for the dolphin and fender system protecting the
I-10 Bridge piers includes impact from a 30,000-barrel (BBL) barge, one of the larger barges in the area. A typical
30,000 BBL barge is 300-ft long, 54-ft wide, and 12-ft tall. In laden condition, the barge is loaded to full capacity and
displaces 30,000 BBL equivalent or approximately 168,500 ft3 of water. Thus, the barge weighs approximately
5,250 US-tons or 10,500 kips in laden condition. In ballasted condition, the barge carries only fuel and ballast water
and weighs approximately 910 US-tons or 1,820 kips.

The head-on impact from the 54 ft wide, 30,000 BBL barge resulted in impact energy (and force) greater than the
values recommended using USACE and AASHTO vessels. Therefore, the 54-ft, 30,000 BBL barge is considered the
design barge for evaluating impact. A contact width of 50-ft was assumed to account for variations in the barge bow
shapes.

3.6.2 Impact Velocity

The hydrodynamic model (Appendix F) evaluated the flow velocities for four storm conditions at 2-year, 10-year,
100-year and 500-year recurrence intervals, both with and without the BMP present. The maximum and average
velocities for the river flow from the hydrodynamic analysis report are summarized in Table 3.2.

Table 3.2 Velocity - Hydrodynamic Model

. Existing Conditions (No BMP) With BMP in Place
Velocity (ft/s)

Maximum 2.79 2.68 2.95 2.95 2.68 2.93 3.14 3.14
Average 0.56 0.55 0.66 0.68 0.61 0.60 0.71 0.72

The buoys installed at the Northern Impoundment have collected velocity measurements since January 1, 2022. A
total of 129,593 observations were evaluated and processed to remove unrealistic spikes in the data. The
methodology is described in Attachment 3. There were 11 individual instances (10-minute each) of measurements
greater than 4 ft/s, with a maximum value of 5.2 ft/s. Since these 11 instances are not sustained, they are not
considered in the design parameters of the barge impact analysis.

Based on the results from the hydrodynamic model and evaluation of the buoy data, the barge impact is evaluated for
a velocity between 3.14 to 4 ft/s.

3.7 Earthquake

The area of the Northern Impoundment is generally considered to have low seismicity. This is also reflected by the
following low seismic accelerations noted in the Geotechnical Report (Appendix B).

PGA: 0.034g¢
Ss: 0.069g
St 0.040 g

Typical retaining wall structures are impacted by earthquake loads due to reduction in strength of the foundation soils,
fill material and/or the backfill. Structures that are founded on saturated, cohesionless soils or lenses of such soils
within the cohesive soils can lose foundation support when subject to earthquake loading.

The seismic accelerations will not affect the alluvium and Beaumont clay layers. There will be impact on Beaumont
sand layers or other granular material but as the BMP walls do not extend into the sand layers, the seismic
accelerations do not impact the stability of the wall.
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4. Load Combinations

The following load combinations (LC) are appropriate for the structural design in accordance with Allowable Stress
Design in ASCE 7-16.

LC#1 D+H+F

LC#1A D+H+F+I
LC#5 D+H+F+0.6W
Where:

D = Dead load.

F = Fluid load (hydrostatic pressure).
H = Lateral earth pressures (active and passive).
W = Wind Load on surface above water.

LC#1 was evaluated for both Usual and Unusual load conditions. LC#1A was used to evaluate the barge impact as
extreme load condition with impact near top of the wall. An impact at lower levels will cause less rotation in the
structure.

LC#5 combines wind load with other loads acting on the BMP. It is noted that wind load is applicable only to the
exposed height of BMP above ground or water level. At the design water level for Unusual or Extreme conditions
(+10 ft NAVD88), the BMP exterior would not be exposed to wind.

A parametric evaluation was performed for the effect of wind loads on the design of BMP using LC#5. The

0.6 reduction factor for wind load was conservatively ignored for the evaluation. The net load (F + Wexterior - Winterior) On
the BMP, calculated as sum of the hydrostatic load and the wind load applied to both interior (above ground) and
exterior (above water level), was compared to the hydrostatic load with water level at +10 ft NAVD88 acting alone. The
net load was determined to be lower. Given that D + H are common to both load cases, LC#5 did not govern over
LC#1 and was not evaluated further.

ASCE 7-16 recommends reduction in the load factor for resisting (passive) lateral earth pressure to 0.6. The intent of
the reduction is to design structures resistant to overturning by reducing the resistance. Since the BMP wall was
designed for overturning (rotational) stability with adequate embedment as described in Section 6, a reduction for
lateral earth pressure was not considered.

5. Design Criteria

5.1 Failure Modes

The three primary failure modes for typical sheet pile retaining wall and floodwall systems are described below:

1. The unstable slopes may cause a deep-seated rotational failure of the entire soil mass. The slope failures are
independent of the sheet pile embedment and location of the anchor system. This type of failure can be
addressed by changing the geometry of the retained material or improving the soil strength.

The double wall system of the BMP presented in the Third Final 100% RD is evaluated using PLAXIS 2D, a
finite element software program. The program can model complex soil profiles, structural sections and perform
soil-structure interaction analysis to achieve a solution with compatible forces and displacements. The
program evaluates the soil stability around the sheet piles to determine if slope failure is a concern.
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2. The sheet piles with inadequate embedment depth can be subjected to rigid-body rotational failure due to the
lateral pressures exerted by the retained material. The classical design procedures such as the “free earth” Limit
Equilibrium Method calculate the sheet pile embedment depths by balancing the active pressures behind the wall
against the passive pressures provided by soil in front of the sheet piles. Adequate embedment depth is achieved
at depth where the sum of horizontal forces and sum of moments is zero. Rigid-body rotational failure can be
prevented, according to EM 1110-2-2504, by incorporating safety factors to decrease the passive pressures as
appropriate for different loading conditions.

The double wall system of the BMP is an atypical sheet pile system. Unlike a cantilever or anchored system,
rotational failure is mitigated by the counterbalancing axial forces on the two walls. Instead of increasing the
embedment depth of the single wall, the width of the double wall system can be increased to an extent such
that it beneficially contributes to resolving the overturning forces into axial components along the length of the
wall. Thus, this mode of failure is not applicable to the double wall system.

3. The sheet pile systems with stable slopes and adequate embedment may fail if the sheet pile sections, tie-rods,
and/or the anchor components are overstressed or inadequately sized. Such failures can be prevented, according
to EM 1110-2-2504, by incorporating safety factor in design by limiting the allowable stress as appropriate for
different loading conditions.

5.2  Safety Factors

The following safety factors and allowable stress limits are adopted in the design of the BMP to prevent the failure
modes described in Section 5.1, consistent with EM 1110-2-2504.

5.2.1 Embedment Depth

EM 1110-2-2504 recommends the minimum safety factors provided in Table 5.1 to determine embedment depth for
cantilever or anchored sheet pile wall systems. It should be noted that the safety factors are suitable for the “free
earth” Limit Equilibrium Method where the sheet pile is considered a rigid body allowed to rotate about a point below
ground level, and the active and passive pressures are balanced to determine the embedment depth. Adequate
embedment depth is achieved at depth where the sum of horizontal forces and sum of moments is zero. The
pressures, and resulting forces in the system, are considered independent of the wall displacement in the Limit
Equilibrium Method.

The BMP design evaluated with the finite element analyses using soil structure interaction incorporates the
nonlinear behavior of the soil, wall displacements and flexibility of the sheet pile and anchors. The active and
passive pressures vary as the system flexes to achieve a solution by balancing the forces and displacements
in the entire system. By balancing the forces and displacements, the system achieves a larger safety factor
against rotational failure than the Limit Equilibrium Method. Thus, the safety factors are not applied to
determine effective soil parameters for calculating passive pressures.

The cantilever wall BMP presented in the 2020 Northern Impoundment 30% Remedial Design (30% RD) acted as both
a floodwall and a retaining wall by maintaining differential water (higher water in the river) and soil elevations
(excavation below riverbed elevation). However, the current BMP system in the new alignment primarily serves as a
floodwall by maintaining a different water elevation between the excavation area and the San Jacinto River. The sheet
piles are terminated in the fine grain soils of the Beaumont Clay layer and both the undrained (Q-Case) and drained
(S-Case) conditions were evaluated to determine the stability of the BMP.

Table 5.1 Safety Factors for Passive Pressures - EM 1110-2-2504
- Fine-Grain Soils Free-Draining Soils Fine-Grain Soils Free-Draining Soils
Usual 1.50 Q-Case 1.50 S-Case 2.00 Q-Case 1.50 S-Case
1.10 S-Case 1.50 S-Case
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Loading Case Floodwalls Retaining Walls

Fine-Grain Soils Free-Draining Soils Fine-Grain Soils Free-Draining Soils
Unusual 1.25 Q-Case 1.25 S-Case 1.75 Q-Case 1.25 S-Case

1.10 S-Case 1.25 S-Case
Extreme 1.10 Q-Case 1.10 S-Case 1.50 Q-Case 1.10 S-Case

1.10 S-Case 1.10 S-Case

5.2.2 Sheet Pile Sections

EM 1110-2-2504 recommends the maximum allowable stresses for the sheet piles subject to different load case
conditions, included in Table 5.2. Based on the definition of the various load case conditions (Section 4), the BMP
would be subject to Unusual and Extreme load case conditions less frequently than the Usual load case conditions.
Hence, the allowable stresses are relatively higher for the more severe loading scenarios to provide design solutions
appropriate for Unusual and Extreme load case conditions.

As noted in EM 1110-2-2504, the BMP can sustain cosmetic damage, i.e., damage that doesn’t impact functionality,
for Unusual load case. For Extreme load conditions, major damage that may require extensive repair or replacement
of the BMP section is acceptable if the overall system remains stable.

Table 5.2 Allowable Stresses for Sheet Piles - EM 1110-2-2504

oo Gase Conatons | Combined Bening ana i Sress | Shearswess
Usual 0.50 Fy 0.33 Fy
Unusual 0.67 Fy 0.44 Fy
Extreme 0.88 Fy 0.58 Fy

5.2.3 Tie-Rod Sections

The tie-rod sections are designed using allowable stress design methods in accordance with AISC 360 and the
corresponding overstrength factors are provided in Table 5.3. The tie-rods are critical to balance the forces and
displacements of the BMP.

Table 5.3 Overstrength Factors for Tie-Rod - AISC 360
Tensile Yielding 1.67
Tensile Rupture 2.00
Tensile Rupture of Threaded Parts 2.00

If one tie-rod fails, the loads will be redistributed to the adjacent tie-rods. The tie-rods are designed for 150 percent of
the demand loads, accounting for a tie-rod failure event where the loads are redistributed to adjacent tie-rods and
preventing progressive failure and thereby, increasing the safety factor.

524 \Walers

The walers are longitudinal beams connected to the tie-rods on the exterior face of the sheet piles. The walers
distribute the loads from the sheet piles to the tie-rods and minimize variations in displacement along the BMP. In
order to provide a continuous longitudinal beam, the individual waler beams will be spliced using bolted connections.

The walers are evaluated as simply supported multi-span beams with tie-rods providing the support reactions. The
walers are also evaluated for condition with a longer span (150 percent) accounting for a tie-rod failure thus able to
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redistribute loads to the adjacent tie-rods. The walers are designed using the allowable stress design method in
accordance with AISC 360, and the corresponding overstrength factors are provided in Table 5.4.

Table 5.4 Overstrength Factor for Walers - AISC 360

Limit State Overstrength Factors

Flexure or Bending Stress 1.67
Shear 1.67

5.3 Deflection

Total system displacement comprised of structural steel deformation, rotation and translation of the entire BMP and
soil system was evaluated for the proposed BMP.

Neither EM 1110-2-2504 nor ASCE 7-16 provide guidance on limiting system deflection. For a cantilever sheet pile
system, structural steel can deform significantly before structural failure occurs; hence, structural steel deformation
could not be used as a limiting parameter in the 30% RD.

The combination of tie-rod anchors and adequate embedment of sheet piles restrain the deflection in the sheet piles.
The deflection at the top of the sheet pile translates to local deformations in the structure. These deformations are
accounted for by the bending stress in the sheet piles and tensile stress in the tie-rods. The stresses will be limited to
the allowable stress (Section 5.2) and within the elastic range (less than Fy) to avoid structural failure of the BMP.

5.4 Corrosion Protection

The Northern Impoundment BMP structure was designed for temporary, short-term use. It was assumed that the sheet
piles would remain in place for a period of approximately seven years after installation. Figure 5-1 shows the five
exposure zones typically considered for corrosion. It also shows a schematic for varying thickness loss along the
height of the steel sheet piles exposed to marine environment.

Corrosion Rate
Distribution

Corrosion Zones

Typical Bending
Moment Diagram

Seawall

Mean High Water 4
| Splash Zone

Mean Low Water

v

Intertidal Zone =—

Low Water Zone

P U

Permanent
Immersion
Zone

Buried Zone
(Soil Side)

Buried Zone
(Water Side)

Figure 5.1 Typical Thickness Loss - Nucor Skyline Catalog, Ports & Marine Construction

The loss of thickness due to corrosion relative to different exposure conditions are listed in Table 5.5. The corrosion
rates are representative of industrywide accepted rates where site specific data is unavailable. Since the Northern
Impoundment is located in brackish water, an average of total thickness loss for the river (0.008 inches) and seawater
(0.027 inches) exposure is appropriate (these two values are indicated in bold font in Table 5.5, below). The duration
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of exposure to each zone varies significantly on the exterior and interior face of the BMP. It is conservative to assume
the same thickness loss on both sides of the sheet pile. A uniform sacrificial thickness of 0.035inches

(2 x 0.0175 inches) was included for each side of the sheet pile for the entire height of the wall. No additional
maintenance should be required for the assumed seven-year RA period.

Table 5.5 Loss of Thickness due to Corrosion

Description of Exposure’ Loss in 5 Years! (inches) Loss in 25 Years' (inches) Loss in 7 Years? (inches)

Common fresh water (river,

ship canal) in the zone of 0.006 0.022 0.008
high attack (water line).

Very polluted fresh water

(sewage, industrial effluent)

in the zone of high attack 0.012 0.051 0.016
(water line).

Sea water in temperate

climate in the zone of high 0.022 0.074 0.027
attack (low water and splash

zone).

Sea water in temperate

climate in the zone.of _ 0.010 0.035 0.013
permanent immersion or in

the intertidal zone.

Notes:
"Eurocode 3 - Design of Steel Structures, Part 5: Piling, BS EN 1993-5:2007.
2|nterpolated between 5 Years and 25 Years.

6. BMP Design

6.1 Analysis

The BMP cross-sections were analyzed for stability and determining stress in the structural components using

Plaxis 2D, a finite element software program developed by Bentley Systems, Inc. The program can model complex soil
profiles, structural sections and perform soil-structure interaction analysis to achieve a solution with compatible forces
and displacements. The analysis also incorporates a time variable simulating the various stages of construction, such
as end of sheet pile installation, adding fill between the walls, installing tie-rods, dewatering the excavation area after
the BMP is installed, and excavation, to allow for consolidation or dissipation of porewater pressures. The stages and
consolidation periods assumed for the analysis of each cross-section are described in Section 6.2. The consolidation
periods are the minimum times assumed only for the analyses to simulate soil response and not intended to replace or
alter the excavation methodology or the construction schedule for the RA.

EM 1110-2-2504 recommends applying the safety factors (Section 5.2.1) to determine the effective soil parameters
used to calculate passive pressures. This recommendation is suitable for the “free earth” Limit Equilibrium Method
where the sheet pile is considered a rigid body allowed to rotate about a point below ground level, and the active and
passive pressures are balanced to determine the embedment depth. The pressures, and resulting forces in the
system, are considered independent of the wall displacement.

The finite element analyses using soil-structure interaction incorporate the non-linear behavior of the soil, wall
displacements and flexibility of the sheet pile and anchors. The active and passive pressures vary as the system
flexes to achieve a solution by balancing the forces and displacements in the entire system. By inherently balancing
the forces and displacements, the system achieves a larger safety factor against rotational failure than the Limit
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Equilibrium Method. Thus, the safety factors are not applied to determine effective soil parameters for calculating
passive pressures.

For the purposes of the analyses, the water level in the fill material between the two sheet pile walls is assumed to be
at the same level as the river. Porewater pressure distributions are recalculated in steady state flow calculations
following changes in water levels. Final “dewatering” of excavations assumes a phreatic level approximately one foot
below the excavation level in the excavation area. No dewatering from well points below the excavation or wall was
considered.

The program provides outputs of resultant forces such as shear and moment for the sheet piles, tension force for the
tie-rod, and deflection at each stage of analysis. The structural components are designed for the largest governing
forces. The representative sections along the BMP are described in Section 6.2 and the definition in Plaxis at initial
stage is shown in Attachment 2. The analysis results for each of the analysis sections (described in Section 6.2) are
included in Attachment 3.

6.2 Analysis Sections

The BMP behavior varies with the height of the sheet piles above riverbed and the subsurface strata. Hence, multiple
cross-sections were evaluated to account for the variations in riverbed elevations, cross-slope of the riverbed along
the BMP alignment, thickness of Alluvium Sediments, anticipated top of Beaumont Clay layers, and distance from the
BMP to excavation. The extents of each cross-section are shown in Figure 6-1. These extents are approximate and
may change in the final construction to accommodate considerations related to standardizing construction practices.

Figure 6.1 General Extents of the Analysis Cross-Sections
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The following sections present the various cross-sections analyzed to determine the appropriate embedment depth for
the sheet piles to achieve stability, size the sheet piles and tie-rods for the BMP. The cross-sections show distance on
the horizontal axis and elevation (NAVD88) on the vertical axis. The sheet piles are typically centered at distance 0 on
the horizontal axis as the cross-sections are taken along the BMP alignment. The cross-sections also show the
approximate excavation surface near the BMP. The distance to the excavation area varies along the BMP alignment
but the cross-sections are considered representative for the extents shown in Section 6.2.

Since the 90% RD, the BMP is evaluated for additional loading scenario with river flood stage water elevation of +10 ft
NAVD88. The exterior wall is raised to elevation +10 ft in the Third Final 100% RD drawings. The tie-rod elevations
(elevation +3 ft) are raised to be located above the normal water level in the river (elevation +2 ft).

The following sections provide the sequence of construction for each cross-section. The overall construction sequence
is subject to the Contractor's means and methods and must be reviewed and approved by the Engineer.

6.2.1 Cross-Section C1

Cross-Section C1 (Figure 6-2) represents the site condition where the riverbed is sloping away from the Northern
Impoundment. The approximate wall height on the exterior and interior side is 20 ft and 16 ft, respectively.

SECTION C1
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Figure 6.2 Analysis Cross-Section C1

The following construction stages and consolidation periods were defined for the analysis of Cross-Section C1:

1 Install exterior and interior sheet piles.

2.  Fill between the sheet piles to elevation +3 ft NAVD88. Minimum time interval assumed as 10 days.

4. |Install tie-rods at elevation +3 ft NAVD88.

5. Fill between the sheet piles to elevation +9 ft NAVD88. Minimum time interval assumed as 6 days.

6. Dewater BMP interior to riverbed. Minimum time interval assumed as 4 days.

7. Excavate to 50 percent depth of material to be removed. The minimum time interval is assumed as 14 days.
8. Dewater to final level (-20 ft NAVD88). Minimum time interval assumed as 3 days.

9. Excavate to 100 percent depth of material to be removed. The minimum time interval is assumed as 14 days.

6.2.2 Cross-Section C2

Cross-Section C2 (Figure 6-3) represents the site condition where the riverbed is fairly even along the BMP alignment.
The approximate wall height on both the exterior and interior sides is 25 ft and 24 ft respectively. The large height
above the riverbed overstressed the sheet piles and tie-rods. Hence, a 30 ft wide Raised Bench constructed up to
elevation -4 ft NAVD88 is required on the interior side of the BMP to reduce the stresses.

The sheet piles and tie-rods required for Cross-Section C2 are among the largest standard sections available. The
tie-rods are required to be installed at elevation +3 ft NAVD88.
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Figure 6.3 Analysis Cross-Section C2

The following construction stages and consolidation periods were defined for the analysis of Cross-Section C2:

Install exterior and interior sheet piles.

Fill between the sheet piles to elevation -7 ft NAVD88. The minimum time interval is assumed as 7 days.
Install tie-rods at elevation +3 ft NAVD88.

Fill between the sheet piles to elevation -1 ft NAVD88. The minimum time interval is assumed as 7 days.
Fill between the sheet piles to elevation +5 ft NAVD88. The minimum time interval is assumed as 7 days.
Fill between the sheet piles to elevation +9 ft NAVD88. The minimum time interval is assumed as 7 days.
Install raised bench to elevation -9 ft, sloped at 3H:1V. Wait 7 days.

© N o g ks DN

Install raised bench from elevation -9 ft to elevation -4 ft at same slope. Wait 7 days before dewatering.

©

Dewater BMP interior to riverbed. The minimum time interval is assumed as 4 days.

10. Excavate to 50 percent depth of material to be removed. The minimum time interval is assumed as 14 days.
11. Dewater to final level. The minimum time interval is assumed as 3 days.

12. Excavate to 100 percent depth of material to be removed. The minimum time interval is assumed as 14 days.
This cross-section was analyzed assuming excavation methodology assuming excavation is completed in the wet. It
should be noted that the areas in the northwest corner are subject to risk of hydraulic heave as described in the

Geotechnical Report (Appendix B) and modified excavation methodology will be required in some areas of the
northwest corner.

6.2.3 Cross-Sections C3 and C3A

Cross-Sections C3 and C3A (Figure 6-4 and Figure 6-5, respectively) represent the site condition where the riverbed
is fairly even along the BMP alignment. The riverbed starts sloping toward the excavation area along
Cross-Section C3. The approximate wall height on both the exterior and interior sides is 15 ft and 14 ft respectively.
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Figure 6.5 Analysis Section C3A

The following construction stages and consolidation periods were defined for the analysis of Cross-Section C3:

1 Install exterior and interior sheet piles.

2.  Fill between the sheet piles to elevation 0 ft NAVD88. The minimum time interval is assumed as 10 days.

3. Install tie-rods at elevation +3 ft NAVD88.

4. Fill between the sheet piles to elevation +3 ft NAVD88. The minimum time interval is assumed as 3 days.

5. Fill between the sheet piles to elevation +9 ft NAVD88. The minimum time interval is assumed as 10 days.

6. Dewater BMP interior to riverbed. The minimum time interval is assumed as 4 days.

7. Excavate to 50 percent depth of material to be removed. The minimum time interval is assumed as 14 days.
8. Dewater to final level (-26 ft NAVD88). The minimum time interval is assumed as 3 days.

9. Excavate to 100 percent depth of material to be removed. The minimum time interval is assumed as 14 days.
1

0. As the limits of Cross-Section C3 and Cross-Section C3A overlap, the more conservative approach for
Cross-Section C3 is used for both.

6.2.4 Cross-Section C4

Cross-Section C4 (Figure 6-6) represents the site condition where the riverbed slopes away steeply from the Northern
Impoundment. The approximate wall heights on the exterior and interior sides are 23 ft and 12 ft, respectively.
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Figure 6.6 Analysis Section C4

The following construction stages and consolidation periods were defined for the analysis of Cross-Section C4:

Install exterior and interior sheet piles.

Fill between the sheet piles to elevation -3 ft NAVD88. The minimum time interval is assumed as 10 days.
Install tie-rods at elevation +3 ft NAVD88.

Fill between the sheet piles to elevation +9 ft NAVD88. The minimum time interval is assumed as 6 days.
Dewater BMP interior to riverbed. The minimum time interval is assumed as 4 days.

Excavate to 50 percent depth of material to be removed. The minimum time interval is assumed as 17 days.
Dewater to final level (-22 ft NAVD88). The minimum time interval is assumed as 3 days.

Excavate to 100 percent depth of material to be removed. The minimum time interval is assumed as 14 days.

6.2.5 Cross-Section C4A

Cross-Section C4A (Figure 6-7) represents the site condition where the riverbed slopes away from the Northern
Impoundment. The approximate wall heights on the exterior and interior sides are 18 ft and 12 ft, respectively.
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Figure 6.7 Analysis Section C4A

The following construction stages and consolidation periods were defined for the analysis of Cross-Section C4A:

Install exterior and interior sheet piles.

Fill between the sheet piles to elevation 0 ft NAVD88. The minimum time interval is assumed as 10 days.
Install tie-rods at elevation +3 ft NAVDG88.

Fill between the sheet piles to elevation +9 ft NAVD88. The minimum time interval is assumed as 6 days.
Dewater BMP interior to riverbed. The minimum time interval is assumed as 4 days.

Excavate to 50 percent depth of material to be removed. The minimum time interval is assumed as 17 days.
Dewater to final level (-21 ft NAVD88). The minimum time interval is assumed as 3 days.

Excavate to 100 percent depth of material to be removed. The minimum time interval is assumed as 14 days.

® N gk wdh =
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6.2.6 Cross-Section C5

Cross-Section C5 (Figure 6-8) represents the site condition where the riverbed slopes away steeply from the Northern
Impoundment. The approximate wall heights on the exterior and interior sides are 25 ft and 17 ft, respectively.
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Figure 6.8 Analysis Section C5

The following construction stages and consolidation periods were defined for the analysis of Cross-Section C5:

Install exterior and interior sheet piles.

Fill between the sheet piles to elevation -1 ft NAVD88. The minimum time interval is assumed as 10 days.
Install tie-rods at elevation +3 ft NAVDG88.

Fill between the sheet piles to elevation +9 ft NAVD88. The minimum time interval is assumed as 6 days.
Dewater BMP interior to riverbed. The minimum time interval is assumed as 4 days.

Excavate to 50 percent depth of material to be removed. The minimum time interval is assumed as 17 days.
Dewater to final level (-16 ft NAVD88). The minimum time interval is assumed as 3 days.

© N gk 0w =

Excavate to 100 percent depth of material to be removed. The minimum time interval is assumed as 14 days.

6.2.7 Cross-Sections C6 and C7

Cross-Sections C6 and C7 (Figure 6-9 and Figure 6-10, respectively) represent the BMP cross-sections along the
southern alignment parallel to 1-10. The TxDOT right of way (ROW) runs between the elevated portion of the freeway
and the southern boundary of the Northern Impoundment. The existing ground elevation varies between elevation O ft
NAVD88 and +5 ft NAVD88. The elevation at bottom of excavation is at -14 ft NAVD88 and -20 ft NAVD88 for
Section C6 and Section C7, respectively. For these cross-sections, the top of the Soil Buttress was considered to be
at elevation 0 ft NAVD88 at the face of the BMP. This assumption is conservative for BMP design as the Soil Buttress
extends higher, to elevation +5 ft NAVD88 in some locations, providing additional stability and reducing the retained
height of the wall.

Several alternatives as described in this section were evaluated to identify a workable BMP design for Cross-Sections
C6 and C7. The BMP for these cross-sections was originally evaluated as a combination wall (Alternative 1), to be
installed directly at the edge of the existing Northern Impoundment berm (0 on the horizontal axis) and with excavation
limits extending to the face of the sheet piles. It was originally conceived that this type of wall would be the simplest
design and installation for this area, although it required the installation of tie-back anchors) on the TxXDOT ROW.
However, the combination wall and several other alternatives were each determined not to be feasible, for reasons
described below.

The only workable solution identified was a double-wall system, approximately 30 ft wide, similar to the double-wall
system planned for the remainder of the BMP around the Northern Impoundment (Alternative 5). This double-wall
system required moving the BMP alignment farther south into the TxDOT ROW to allow for a sloped Soil Buttress
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beginning at Elevation 0 ft NAVD88 and extending into the excavation area. This placed the double wall within the
TxDOT ROW, with the outer wall being approximately 20 ft from the I-10 Bridge guardrails on the TxDOT ROW.
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Figure 6.10 Analysis Section C7

The different wall types that were evaluated for the BMP along the southern alignment are detailed below.

Alternative 1: Combination Wall with Tie-back Anchors

This alternative included a combination wall system of tubular pipe piles and Z-shaped sheet piles aligned directly at
the edge of the existing berm and excavation limits, and connected to the Z-shaped sheet pile anchor walls with steel
tie-rods for support. The wall would have been approximately 23 ft to 29 ft above the bottom of the excavation. Due to
the significant height of wall above the anticipated excavation bottom and the need for active excavation at the face of
the BMP (such that there would not be any Soil Buttress between the excavation and the BMP wall, as in other BMP
cross-sections), it was determined that the pipe piles for this alternative would have to be driven into the hard sand
layers located beneath the Beaumont Clay to achieve adequate embedment depth for stability. For this alternative,
tie-back anchors would have been required to provide adequate anchorage for the pipe piles and avoid rotational
failure. These tie-back anchors would have been placed at least 60 ft behind the pipe piles on the TxDOT ROW, close
to the southern boundary of the ROW adjacent to 1-10.

There were significant concerns related to driving the BMP wall into the sand layer which would have presented
problems with driveability and associated vibrations when installing large tubular sections (Section 6.6), particularly in
such close proximity to the I-10 Bridge, the ExxonMobil pipeline assets, and other underground utilities. There were
also concerns for vehicle driver safety due to potential visual distraction during installation of a wall of this magnitude
and height adjacent to I-10. In addition, extracting the tubular piles after completion of the RA would have raised
concerns similar to those associated with their installation. For these reasons, this option was considered unfeasible.

GHD | International Paper Company and McGinnes Industrial Maintenance Corporation | 11215702 (17) App | | BMP Structural Design
Report - Northern Impoundment 26

194163



Alternative 2: Cantilever Concrete Secant Pile

This alternative included overlapping concrete piles aligned directly at the edge of the existing berm and excavation
limits. All piles would have had to be cast-in-place by drilling to the required depth, placing reinforcement, and pouring
concrete. The primary concrete piles (typically unreinforced) would have had to be built first at regular interval spacing
to allow for secondary reinforced concrete piles to be installed in between them. After the primary piles had achieved
the desired strength, the secondary reinforced concrete piles would have had to be built by coring through the edges
of the primary piles, placing reinforcement, and pouring concrete to create an overlapping continuous concrete wall.
The secondary piles could not be drilled until after the primary piles had achieved full strength resulting in longer
installation time than steel piles. The concrete piles would also have been required to be embedded in the hard sand
layers beneath the Beaumont Clay to achieve adequate embedment depth for stability.

There were concerns about the constructability of this system since it would have required drilling deep into the sand
layer and use of steel casings to allow placement of concrete in the sand layers, further extending the installation time.
It also would have required achieving quality overlap between primary and secondary piles to create relatively
watertight seams and avoid any seepage of any water into or out of the Northern Impoundment, which would have
been extremely challenging to achieve. Finally, the large unrestrained height of the wall above the excavation area (up
to 29 feet, similar to Alternative 1) would have also been a concern for safety. Removal of the cast-in-place concrete
piles without extensive demolition also would not have been feasible. Hence, this alternative was considered
unfeasible.

Alternative 3: Concrete Secant Pile with Tieback Anchors

This alternative included installation of concrete piles similar to Alternative 2 combined with the tie-back anchors
similar to Alternative 1, aligned directly at the edge of the existing berm and excavation limits and with the tie-back
anchors extending into the TxDOT ROW. Due to concerns similar to those that were the basis for eliminating
Alternative 1 and Alternative 2, this alternative was considered unfeasible.

Alternative 4: Combination Wall with Brace Piles

This alternative included a combination wall system similar to Alternative 1 with the tie-back anchor system behind the
wall replaced by brace piles located in front of the wall. The BMP was aligned directly at the edge of the existing berm
and excavation limits. The brace piles would have been closely spaced large diameter tubular piles similar to the ones
in the combination wall and installed at an angle of 35 degrees (from vertical) within the excavation area. Excavation
would have to take place around these brace piles. Similar to Alternative 1, the combination wall would have had to be
driven into the sand layers to achieve adequate embedment depth. In addition, the brace piles would also have had to
be driven into the sand layers to achieve the required capacity to adequately brace the combination wall.

The concerns with constructability as described for tubular piles in Alternative 1 also apply to the combination wall and
brace piles. There would also be a potential risk for critical damage and worker safety issues associated with
excavating around the brace piles to an elevation of -20 ft NAVD88. Hence, this alternative was considered unfeasible.

Design System: Double Wall System

This alternative is the same as the other cross-sections of the BMP. The BMP alignment was set farther away from the
edge of the existing berm and excavation limits, and approximately 20 ft from the southern boundary (immediately
adjoining 1-10) of the TXDOT ROW. This alignment avoids encroaching into the excavation area and allows utilization
of the existing berm to act as a Soil Buttress to reduce the retained height the wall and reduced stresses on the
structural components of the BMP wall.

This alternative provides a feasible BMP design that is placed outside the excavation area and avoids the concern of
pile drivability and vibrations since the sheet piles would be terminated in the Beaumont Clay layer. However, it will
require use of the TXDOT ROW to accommodate the BMP wall structure.
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Design Selection: Double Wall System

The double wall system as described in Alternative 5 was selected as the BMP along the southern alignment. The
following construction stages and consolidation periods were defined for the analysis of Cross-Sections C6 and C7:
Install exterior and interior sheet piles.

Cut soil between the sheet piles to elevation 0 ft NAVD88.

Install tie-rods at elevation +3 ft NAVD88.

Fill between the sheet piles to elevation +9 ft NAVD88.

Dewater BMP interior to riverbed. The minimum time interval is assumed as 4 days.

2 o

Excavate to 50 percent depth of material to be removed. Maintain soil slope at 3H:1V from elevation 0 ft NAVD88
to excavation bottom. The minimum time interval is assumed as 17 days.

~

Dewater to final level (-20 ft NAVD88). The minimum time interval is assumed as 3 days.

8. Excavate to 100 percent depth of material to be removed. Maintain minimum soil slope at 3H:1V from elevation
0 ft NAVD88 to excavation bottom. The minimum time interval is assumed as 14 days.

6.3  Structural Components

The material grades used for design of the key structural components are summarized below:

—  Sheet Piles ASTM A572 Grade 60 (Yield stress, Fy = 60 ksi).
— Tierods ASTM A615  Grade 80 (Fy = 80 ksi).
— Walers ASTM A36 Grade 36 (Fy = 36 ksi).

For purposes of the design, the standard sections for sheet pile and tie-rods were selected from the Nucor Skyline
Technical Product Manual. The manual also included the section properties used for design calculations. Alternative
sections with equivalent properties are available from other manufacturers and may be used in construction.

The detailed calculations for the sheet pile, tie-rods, and walers are provided in Attachment 3.

6.4 Scour Protection
6.4.1 BMP Exterior

Scour protection countermeasures for the BMP exterior are developed based on Federal Highway Administration
(FHWA) guidance provided in Hydraulic Engineering Circular No. 23 (HEC-23), Bridge Scour and Stream Instability
Countermeasures (Publication No. FHWA-NHI-09-111, September 2009) which provides design guidelines for use of
rock riprap to mitigate scour at bridge abutments. Although the BMP is not a bridge abutment, its influence on
floodplain hydraulics is similar in that overbank flows are concentrated through a narrower section of the river resulting
in localized increase in shear stress.

Design Guideline 14 was applied to the design of the rock riprap scour protection concepts. The median stone
diameter for riprap scour protection is calculated based on depth, velocity and abutment geometry using the Isbash
equation. The results from the Hydrodynamic Analysis (Appendix F) indicate maximum peak velocities would be
approximately 3.14 ft/s. To account for uncertainties related to complex hydrodynamics and potential for localized flow
accelerations along the BMP, an additional safety factor was applied to the predicted maximum velocity. The median
rock size for the riprap was designed for a velocity of 6 ft/s.

Based on this approach, the riprap scour protection apron will consist of a median stone diameter of 10 inches and an
overall layer thickness of 1.5 ft.
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As noted in Section 3.3.1, scour protection is required around the majority of the perimeter of the wall, including the
east side of the BMP as the channel narrows near the 1-10 Bridge. A 25 ft wide riprap apron will provide sufficient
stability along the exterior perimeter of the BMP.

Additional details of various scenarios considered for riprap sizing are provided in Attachment 3.

6.4.2 BMP Interior

Scour protection countermeasures for the BMP interior are designed by calculating the velocity of water reaching the
base of the wall, resulting impact pressure, length of the turbulent flow at the base of the wall and potential for flow
jump where the soil slopes away from the wall.

The most critical scour can occur in the initial stages where the river water level rises over the top of the BMP wall.
When water rises 6 inches above the BMP wall, it can fill the entire area to the top of the wall within 1-2 hours. As the
river water level continues to rise in the initial hours, the BMP will fill faster and reduce the time where the soils at the
base of the BMP are directly exposed to the overtopping water.

Additional details of the analysis for a wide range of river water levels between elevation +10.1 ft to +14.0 ft are
provided in Attachment 3.3. However, only the initial stages where water level reaches elevation +10.5 ft is considered
critical for interior wall scour.

Based on this approach, the interior riprap scour protection will consist of median stone diameter of 18 inches and an
overall layer thickness of 3 ft. As an added measure, the riprap will be grouted with flowable concrete of 3000 psi
strength to withstand the plunging water flow over the BMP wall. The riprap apron will be extended to 25 ft from the
base of the BMP wall.

At the northwest corner of the BMP, the raised bench is required for stability of the wall. Due to limited space available
without encroaching into the excavation area, the riprap will be incorporated into the bench to protect the entire 30-ft
width of the raised bench. All the interior scour protection will be monitored routinely and maintained for the duration of
the project.

Additional details of various scenarios considered for riprap sizing are provided in Attachment 3.

6.5 Wind Load Evaluation

As described in Section 3.5, the design wind loads correspond to a 100-year storm (Unusual load condition) or the
3000-year hurricane level wind (Extreme load condition). Typically, the wind load is applied to the face of the BMP
exposed above water or ground level. At the design water level for the Unusual and Extreme load conditions

(i.e., Elevation +10 ft NAVD88) the exterior face of the BMP would not be exposed to the wind. Assuming the
excavation area remained completely dewatered, the wind loads acting on the interior face of the BMP will be
counteracted by the hydrostatic loads from the water on the outside.

A parametric evaluation was performed for the effect of wind loads on the design of BMP using LC#5 (Section 4). The
0.6 reduction factor for wind load was conservatively ignored for the evaluation. The net load (F + Wexterior - Winterior) ON
the BMP, calculated as sum of the hydrostatic load and the wind load applied to both interior (above ground) and
exterior (above water level), was compared to the hydrostatic load with water level at +10 ft NAVD88 acting alone.
There is low probability that the hurricane level winds will develop on-site without an increase in water levels. Hence,
combining hurricane level winds with normal water levels (i.e., Elevation +5 ft NAVD88) when the BMP is most
exposed, is a conservative approach. The calculated net load was smaller than the hydrostatic loads corresponding to
the unusual condition water level at +10 ft (NAVD88) acting alone. Thus, the wind loads do not govern the design.

Additional details of various scenarios considered for the parametric evaluation are provided in Attachment 3.
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6.6 Wave Load Evaluation

As described in Section 3.5, the BMP is designed for water levels at top of the wall. Hence, the loads from waves
approaching the BMP wall and combined with lower water levels will not govern the design.

6.7 Barge Impact

The impact energy from a barge moving at the river flow velocity will be absorbed in the following two stages:

1. Primary or first contact will be with a barrier wall system comprising of fiberglass reinforced polymer (FRP)
composite piles. The barrier wall is designed to absorb impact energy corresponding to velocity of up to 2.2 ft/s
(laden barge) or up to 5.3 ft/s (ballasted barge).

2. As the barge damages the barrier wall and breaks through, it will lose energy. The BMP will be subjected to the
remaining energy of 1.8 ft/s i.e., energy corresponding to the difference between approach velocity of 4 ft/s and
energy absorbed by the barrier wall at 2.2 ft/s. In the 90% RD, the BMP was evaluated for impact velocity of
2.2 ft/s (laden barge) and 5.3 ft/s (ballasted barge). The analysis was updated for the same load impact at a
higher elevation i.e., between elevation +9 ft and +10 ft NAVD88 (top of exterior wall).

Thus, the total energy from barge impact is compared against the combined energy absorption capacity of the
individual systems (i.e., the FRP barrier wall and the BMP wall) to evaluate adequacy of the design. The details for
each system are provided in the Section 6.7.1 and Section 6.7.2.

Any impact on the west and northwest portion of the BMP (i.e., areas away from the navigational waterways) will likely
be from ballasted barges moored on the north side of the BMP that may come off the mooring in a storm event. Cross-
Section C2 is evaluated as a representative section for such portions of the BMP. The total energy absorption capacity
is equivalent to impact with a ballasted barge at impact velocity of 5 ft/s (2.2 ft/s for FRP wall + 3.8 ft/s for BMP wall).

For areas of the BMP directly adjacent to the navigational waterways, such as Cross-Section C4, the total energy
absorption capacity is equivalent to impact with a laden barge at impact velocity of 4.4 ft/s (2.2 ft/s for FRP wall +
2.2 ft/s for BMP wall) or a ballasted barge at impact velocity of 7.5 ft/s (2.2 ft/s for FRP wall + 5.3 ft/s for BMP wall).

As the velocity for the system capacity is greater than the design velocity of 4 ft/s for the river flow (Section 3.6.2), the
combined system is adequately designed.

6.7.1 Barrier Wall

A FRP barrier wall will be installed at approximately 20 to 25 ft beyond the exterior wall of the BMP along the north
and east side to provide increased protection in areas exposed to potential barge impacts. See Figure 6.11. The
barrier wall will be comprised of 18-inch diameter FRP composite piles spaced at 8 ft on center. Four rows of

12-inch x 12-inch reinforced high-density polyethylene (HDPE) walers will be installed horizontally on the exterior side
of the FRP piles, evenly spaced between Elevation +2 and +12 ft above mean water level (Figure 6.12).

The barge will contact the walers and in turn, multiple FRP piles will be engaged, and the barrier wall system will
deflect to absorb the impact energy. The system is designed to absorb impact from the design barge up to a velocity
of 2.2 ft/s (laden) and 5.3 ft/s (ballasted barge) between elevation +0.5 ft to +12 ft NAVD88. The largest moment
demands on the pile sections are seen when the barge impact is at or near the top of the barrier wall. At lower
elevations of impact, the moment demands are lower and do not govern the design.
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The details of the analysis and results are provided in Attachment 3.

6.7.2 BMP Impact

The BMP was analyzed for barge impact near the top of the wall (exterior sheet pile). With the FRP barrier wall system
as the primary protection, the BMP will absorb the excess impact energy equivalent to an impact from the design

barge at velocity of 1.8 ft/s.
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In the 90% RD, the BMP was evaluated for impact at a higher velocity, so the same analysis results (demand loads on
BMP sheet pile) are valid for the current evaluation of impact at lower velocity.

6.7.2.1  Analysis Model

The barge impact loads were evaluated in Plaxis for two Cross-Sections (C2 and C4) as they represent the two largest
exposed heights above the riverbed and are expected to be the most critical sections.

A 400 ft long three-dimensional (3D) model was created with the same stratigraphy, material properties and stages as
the analysis sections described in Section 6.2. The linear elastic plates representing the sheet piles are assigned
orthotropic parameters to capture the difference in sheet pile stiffness of the vertical and horizontal directions. The
barge impact load was applied at the middle of the model, as a static uniformly distributed load over a 50 ft x1 ft area
near the top of the wall (+9 ft NAVD88). Due to the instantaneous nature of the impact, the loads are evaluated using
the undrained soil parameters and considered an Extreme load condition, with the impact near the top of the wall with
the water levels at +10 ft NAVD88.

The following two loading scenarios, considering a combination of multiple impact velocities and barge displacement
conditions (ballasted or laden), were evaluated. The loads correspond to higher velocities of flow for impact, than as
summarized in Table 3.2, with a barge in ballasted condition, hence conservative for the analysis. However, for the
laden condition, the loads represent the limiting loads for the BMP.

Case 1: 20 kip/ft x 50 ft = 1000 kip

—  Corresponds to contact with 54 ft wide barge in ballasted condition at impact velocity of 3.8 ft/s or,

Case 2: 28 kip/ft x 50 ft = 1400 kip

—  Corresponds to contact with 54 ft wide barge in ballasted condition at impact velocity of 5.3 ft/s or,
—  Contact with 54 ft wide barge in laden condition at impact velocity of 2.2 ft/s.

As Cross-Section C2 is not near the navigational waterway, any impact on the west and northwest portion of the BMP
will likely be from barges moored on the north side of the BMP that may come off the mooring in a storm event. Thus,
Cross-Section C2 is only evaluated for Case 1 loading scenario. The results from Cross-Section C4 are applicable to
all other locations, except Cross-Section C2.

The barge impact loads caused localized deformation of the wall along with an increase in soil shear strains. However,
the strains did not indicate global failure. In this scenario, there would be localized damage to the BMP on the exterior
side due to limiting flexural capacity. The analysis results are summarized in Table 6.1 and Table 6.2. The section
stresses from demand loads are compared to the allowable stresses in the sheet piles for extreme event loading i.e.,
0.88 Fy (combined bending moment and axial stress) and 0.58 Fy (shear stress) to estimate overstress beyond the
allowable limit. The section stresses from demand loads are also compared to the elastic yield stresses in the sheet
piles i.e., 1.0 Fy (combined bending moment and axial stress) and 1.0 Fy (shear stress) to estimate damage that will
require repair.

The section sizes for Cross-Section C2 and C4 have been increased since the 90% RD to increase the section
modulus and shear area of the sheet piles. The impact loads are applied from elevation +9 ft to +10 ft on the exterior
wall of the BMP.
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Table 6.1 Barge Impact Analysis Output — Extreme Allowable Stress

. Sheet Pile Capacity . .
Analysis Demands per LF Extreme Load Condition Demand to Capacity Ratio

Analysis
Cross-Sections Shear Deflection Shear (kip)
i (kip) (ft)

C2, AZ 42-700N

(Case 1) 405.3 32.1 1.5
C4, AZ 36-700N 270.4 26.6 11 292 300 0.93 0.09
(Case 1)
C4, AZ 36-T00N | 576 5 36.7 2.1 292 300 1.29 0.12
(Case 2)

Table 6.2 Barge Impact Analysis Output — Elastic Yield Stress

Sheet Pile Capacity

Analysis Demands per LF Elastic Yield Limit

Demand to Capacny Ratio

Analysis
Cross-Sections Shear Deflection Moment Shear (kip)
i (kip) (ft) (kip-ft)

C2, AZ 42-700N

405.3 32.1 15 391 650

(Case 1)

C4, AZ 36-T00N | 5704 26.6 1.1 334 520 0.81 0.05
(Case 1)

C4, AZ 36-T00N | 374 5 36.7 2.1 334 520 1.13 0.07
(Case 2)

The results in Table 6.1 show overstress in the sheet piles at Cross-Section C2 for impact with a ballasted barge at
3.8 ft/s. Impact forces are directly proportional to the impact velocity squared. Therefore, the stresses in Cross-Section
C2 will be lower for impact at 1.8 ft/s as the impact force will reduce by 27%.

The results in Table 6.2 show that the stresses in the section exceed the elastic yield stress limit for moment
demands. This is indicative of permanent deformation and damage condition in the form of excessive bending or
bowing and local buckling of the sheet piles. The excessive stresses were limited to the localized area where impact
load was applied. The sheet piles will require repair or replacement in such instances.

The Cross-Sections closer to the navigational waterway would be expected to potentially encounter impact with
barges, ballasted or laden, as they are towed. It should be noted that the barges and tugboats typically slow down as
the width of the navigational waterway reduces closer to the 1-10 Bridge. Navigational signs can be posted on the
exterior face of the BMP to require marine vessels to reduce speeds along the eastern side of the BMP.

Additional details of the analyses, results, and plots are provided in Attachment 3.

6.8 Pile Driveability and Vibration Analysis

During the March 25, 2020, TWG Meeting, the design team was asked to perform an evaluation to quantify the risks
associated with pile driving-induced vibrations and potential releases from the Northern Impoundment that may result
from these vibrations. A vibration analysis for driving large diameter steel pipe piles into deep sands was performed
and included in the 30% RD. Since the submittal of the 30% RD, the BMP concept has changed from cantilever (large
diameter pipe piles) to a double wall system with Z-shaped steel sheet piles. The alignment of the BMP has been
revised to install the sheet piles outside the perimeter of the TCRA armored cap and beyond the edges of the steep
slopes present near both the northwest corner and east side adjacent to the 1-10 Bridge.

The Z-shaped sheet piles will be installed using a press-in method of installation. The first few pairs of sheet piles
need to be installed using the vibratory hammer to set up the press-in equipment. Then a reaction-based press-in
system will use these installed sheet piles to press-in the next pair of sheet piles and move forward to continue

installing the remaining length of the BMP using the press-in method. As the press-in piling system uses hydraulic
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force without the use of percussion (impact hammer) or vibration to install piles, the noise and vibration impact on
nearby structures can be diminished. The sheet piles will also be terminated in the Beaumont Clay layer instead of
driving into the stiffer sand layers, thereby reducing the potential for vibrations significantly even while using the
vibratory hammer for the initial set of sheet piles.

Pile driveability and vibrations resulting from the installation procedure are a function of the equipment selected by the
Contractor implementing the RA. Since information on actual equipment is unavailable at this time, pile driveability and
corresponding vibrations were evaluated for one impact hammer and one vibratory hammer. The Wave Equation
Analysis of Pile Driving (WEAP) showed that both equipment types can install the sheet piles to required depth. WEAP
output for PACO Model 36-5000 (impact hammer) and APE Model 100 (vibratory hammer) are provided in
Attachment 3.

Caltrans* provides guidance on calculating vibration amplitudes in terms of peak particle velocity (PPV) and threshold
criteria for damage potential for various type of pile installation equipment. The equations used in the manual are
based on several data points collected at various distances from the location of pile installation and for various
installation equipment.

For Impact Hammers,
PPVimpact = PPVier (25/D)" (Epquip/Erer)™®
Where:
PPVimpact = Vibration amplitude for the pile installation equipment at distance D from the location of installation.

PPVret = Vibration amplitude for a reference impact hammer at 25 ft from the location of installation
(0.65 in/sec).

D = Distance from pile installation equipment to the receiver in ft.
n = Constant related to the vibration attenuation rate through ground (maximum suggested value of 1.4).
Eref = Rated energy of the reference pile installation equipment (36,000 ft-Ib).

Eequip = Rated energy of the impact hammer to be used for pile installation (PACO Model 36-5000:
15,000 ft-Ib).

For Vibratory Hammers,
PPVyipro = PPVger (25/D)"
Where:
PPVvioro = Vibration amplitude for the pile installation equipment at distance D from the location of installation.

PPVret = Vibration amplitude for a reference impact hammer at 25 ft from the location of installation
(0.65 in/sec).

D = Distance from pile installation equipment to the receiver in ft.

n = Constant related to the vibration attenuation rate through ground (maximum suggested value of 1.4).

The calculated PPV for the impact and vibratory hammer are shown in Figure 6.13. The threshold for damage to new
residential structures, modern industrial or commercial building type structures due to vibrations from continuous or
frequent intermittent sources such as the pile installation procedure is 0.5 in/sec (Table 194). This threshold is
considered appropriate for the structures near the BMP, including the 1-10 Bridge. The anticipated vibration from the
vibratory hammer is below the acceptable threshold at 35 ft or farther from the sheet pile installation. The vibration

4 Transportation and Construction Vibration Guidance Manual, April 2020, California Department of Transportation
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reduces significantly with the distance. The contractor will be allowed to use a vibratory hammer or impact hammer
only for the initial setup of sheet piles and the press-in equipment and at least 35 ft away from the 1-10 bridge. Thus,
no significant impact to the 1-10 bridge or other industrial structures is anticipated due to the sheet pile installation.

Vibration Amplitude

0.60
Industrial /
0.50

Commercial Buildings

0.40

0.30

PPV (in/sec)

0.20

0.10

0.00
25 50 75 100 125 150 175 200

Distance from Sheet Pile (ft)

Impact Vibro Threshold

Figure 6.13 Vibration Amplitude (PPV) for Pile Installation Equipment

The Contractor implementing the RA will be required to update the pile driveability and vibration analysis for the
equipment to be used during the RA and for allowed use of a vibratory hammer at a minimum distance of 35 ft from
the nearest structures.

6.9 Seepage through Sheet Piles

The BMP is considered a temporary structure and is planned to be removed after the RA is complete. The steel sheet
piles, except for the interlocks, are completely impervious. The seepage or discharge through the sheet pile interlocks
is proportional to the pressure drop across the interlocks in a horizontal plane. The vertical flow through the interlocks
is negligible as the sheet piles will be terminated in the Beaumont Clay Formation and hence, no seepage is expected
from under and/or around the sheet piles.

Figure 6.14 shows a general relationship® of discharge through interlocks and the pressure-drop across the sheet piles
for the following three conditions. The example highlighted in the figure compares the anticipated seepage through the
interlocks for the same pressure-drop for each of the three conditions:

1. Standard Interlocks, no sealant, or welds.

Interlocks filled with plugged soil during sheet pile installation.

Interlocks filled with filler material or sealants.

Compared to the standard interlocks, the interlocks plugged with soils during pile installation reduce the seepage to
70 percent. The interlocks filled with the proprietary sealant material allowed 25 percent seepage during tests.

However, at the maximum tested pressure-drop (approximately 100 kPa, or 30 ft of standing water), the three interlock
conditions allowed the same volume of seepage.

5 Arcelor Mittal, Impervious Steel Sheet Pile Walls, Design & Practical Approach.
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Figure 6.14 Discharge - Pressure Drop Relationship, Arcelor Mittal

It is anticipated that the soft sediments will plug the interlocks of the sheet pile during installation. The fill material
between the walls of the BMP will also create a pressure-gradient instead of an abrupt pressure-drop across the
exterior sheet pile wall of the BMP. In addition, the two sets of interlocks (exterior and interior wall) at any vertical
cross-section will minimize the potential of seepage through the BMP.

During normal operations (that is, other than during flooding during heavy rain or storms), it should be possible to
manage any seepage from the river into the excavation area as part of the waste removal process. If the excavation
area is flooded due to a heavy rain or storm, the pressure-drop between the exterior and interior side of the BMP will
reduce and the resultant pressure-drop will still only allow seepage toward the interior of the BMP.

An interlock sealant WADIT is specified for the inner walls of the BMP.

The seepage from under the BMP into the excavation area is calculated using Lane’s Weighted Creep Ratio. The
Cross-Section C2 from the northwest portion of the BMP was evaluated with river water at top of the exterior wall
(water at elevation +10 ft). This condition represents the largest head differential (available head) when the water in
the Northern Impoundment is lowered to mudline. The calculations show that the seepage (or piping) potential from
under the wall into the excavation area is insignificant. At other locations of the wall along the BMP, the available head
will be lower as the mudline is shallower than Cross-Section C2 and is dissipated in the soil layers similar to
Cross-Section C2.

The seepage calculations are provided in Attachment 3.

6.10 Desigh Summary

The summary of the structural design for the various representative sections analyzed is provided in Table 6.3. The
tie-rod spacing shown in the summary includes closer spacing than the spacing used in the analysis to incorporate an
additional safety factor against potential progressive failure described in Section 5.2.3. The closely spaced tie-rods
increase the stiffness of the system, and the overall stresses and deflection in the BMP are expected to improve.
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Table 6.3 Summary of BMP Design

Analysis Section Sheet Pile Section Tie Rod Section Waler Section

C1,C3,C3A, C4, | AZ36-700N 2.25 MC 12X35
C4A

C2 AZ40-700N 55 3.00 5 MC 18X45.8
C5 AZ36-700N 60 2.25 5 MC 12X35
C6, C7 AZ26-700 60 2.25 5 MC 12X35

6.10.1 Analysis Notes

1. As the site conditions for Cross-Sections C3 and C3A overlap, it is recommended that the construction stages for
Cross-Section C3 be followed for both as a conservative approach.

2. There is potential for the sheet piles to deflect towards the river during installation or placement of fill material
before the tie-rods are installed. The sheet piles may need to be temporarily braced during placement of fill
material and tie-rod installation.

3. Cross-Sections C6 and C7 should maintain a Soil Buttress from face of the BMP to the excavation area, sloping
at 3H:1V. The minimum elevation at the top of the Soil Buttress should be 0 ft NAVD88.

4. For the purposes of the analyses, the water level in the fill material between the two sheet pile walls is assumed
to be at the same level as the river. This assumption is conservative. The water levels between the two sheet
piles may not coincide with the water levels in San Jacinto River. Lower water levels or dry fill between the sheet
piles will result in lower deflections and stresses in the sheet piles and tie-rods.

7. Other Considerations

The BMP design presented in this Third Final 100% RD submission provides an implementable solution for the design
parameters and design criteria described in Sections 3 and 5, respectively. There are other considerations that may
impact the constructability of the BMP and in turn affect the RA, as described below.

71 Foundation Substructure of I1-10 Bridge

As discussed above in Section 6.2.7, the BMP along the southern alignment is on the TXDOT ROW and close to I-10.
From the record drawings received from TXDOT, the pile abutment for the westbound bridge nearest to the southern
alignment of the BMP are Bents #24 through #27. The foundation of Bent #26 and #27 use batter piles, with batter in
the east-west direction within the footprint of the bridge. Therefore, the BMP alignment does not clash with the
foundation.

It is understood that TXDOT will continue to be engaged with the project team and will review the design for potential
impacts to their future bridge construction.

7.2 Underground Utilities

As discussed above in Section 6.2.7, the BMP along the southern alignment is on the TxDOT and close to the [-10
Bridge. The sheet piles will be installed using the press-in system and the construction procedure is not anticipated to
generate significant vibrations to impact any structures nearby.

It is understood that the owners of the underground utilities will continue to be engaged with the project team and will
review the design for potential impacts to their assets.
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7.3  Slope Stability

Stability of excavated and open slopes was evaluated for the following two height differentials —

Slope from elevation -3 ft to elevation -15 ft (height = 12 ft)
Slope from elevation -13 ft to elevation -20 ft (height of 7 ft)

The range of excavation and open slopes represent different areas within the Northern Impoundment. The slopes
ranging from 1V:2.5H to 1V:3H resulted in a factor of safety greater than 1.50.

The outputs for slope stability analyses are provided in Attachment 4.
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Attachment 2

BMP Analysis - PLAXIS Sections
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Client___IPC and MIMC Job Number 11215702 Sheet
Project __San Jacinto River Waste Pits Site Sheets By __S.Chilka Date 07-11-2024
Subject BMP Design Checked By. Date

APPENDIX | - BMP STRUCTURAL DESIGN REPORT

ATTACHMENT 2
PLAXIS ANALYSIS SECTIONS
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Client IPC and MIMC Job Number 11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets by J. Jeyakanthan Date 5/27/2022
Subject Soil Parameters - PLAXIS Analysis Checked by Date
. Sediment
Parameters Units ) A
Hardening Soil
Unsaturated unit weight y_unsat [Ibf/ft® 95
Saturated unit weight y_sat Ibf/ft 120
Secant stiffness in standard drained triaxial test E_50%ref |[Ibf/ft2 105000
Tangent stiffness for primary oedometer loading E_oed*ref |Ibf/ft2 105000
Unloading / reloading stiffness E_urtref  |Ibf/ft? 315000
Power for stress-level dependency of stiffness power (m) 0.5
Effective cohesion c_ref Ibf/ft2 42
Effective friction angle @ (phi) ° 26
Saturated permeability - horizontal k_x ft/day 0.00113
Saturated permeability - vertical k_y ft/day 0.00113
Mohr-Coulomb
Parameters units 1 ger BSF Fill Rock fill

Unsaturated unit weight y_unsat  [Ibf/ft3 100 105 105 108
Saturated unit weight y_sat Ibf/ft3 125 130 130 130
Effective Young's modulus E Ibf/ft? 8.60E+05( 2.00E+06 300000 1044000
Effective Poisson's ratio v (nu) 0.3 0.3 0.3 0.3
Effective cohesion c_ref Ibf/ft? 150 0 0 0
Effective friction angle & (phi) ° 28 37 32 38
Saturated permeability - horizontal k_x ft/day 8.50E-03 0.88 3 3
Saturated permeability - vertical k_y ft/day 8.50E-03 0.88 3 3

BCF = Beaumont Clay Formation
BSF = Beaumont Sand Formation
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Section C1 Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Section C2 Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Section C3 Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Section C3A Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Section C4 Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Section C4a Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Section C5 Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)

-90.00 -50.00 -30.00 0.00 30,00 80,00 90,00 120,00 150,00 180,00 210.0
AN TN T T YO T T [T A T YT T YT T O T T A T T T TN T [ T T T T (N O O
30,00
E BMP
- Water EL. +5ft
0.00_] R
3000 Sediment
— pm—
—] Beaumont Clay
-60.00 —
¢
-90.00 —
— Beaumont Sand
-120.00 _| X _
— Excavation

194212



Section C6 Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Section C7 Soil Profile with BMP @ Analysis Stage 0 (Sheet Pile Installation)
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Attachment 3

Structural Calculations

3.1 BMP Calculations

3.2 Scour Protection — BMP Exterior
3.3 Scour Protection — BMP Interior
3.4 Wind Load Evaluation

3.5 Sheet Pile Seepage Evaluation
3.6 Barge Impact Evaluation

3.7 WEAP Output

3.8 Velocity Buoy Data Processing
3.9 Wind and Wave Evaluation
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Client___IPC and MIMC Job Number 11215702 Sheet
Project __San Jacinto River Waste Pits Site Sheets By __S.Chilka Date 07-11-2024
Subject BMP Design Checked By. Date

APPENDIX | - BMP STRUCTURAL DESIGN REPORT

ATTACHMENT 3.1
BMP DESIGN CALCULATIONS

194216



schilka
Image

schilka
Rectangle

schilka
Text Box
Client
Project
Subject

schilka
Line

schilka
Text Box
Job Number
Sheets By
Checked By

schilka
Line

schilka
Line

schilka
Text Box
Sheet
Date
Date

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Text Box
IPC and MIMC

schilka
Text Box
San Jacinto River Waste Pits Site

schilka
Text Box
BMP Design

schilka
Text Box
11215702

schilka
Text Box

schilka
Text Box

schilka
Text Box
S.Chilka

schilka
Text Box
07-11-2024

schilka
Text Box
APPENDIX I - BMP STRUCTURAL DESIGN REPORT
ATTACHMENT 3.1 
BMP DESIGN CALCULATIONS



_—
~—

Client IPC & MIMC

Job Number 12606491

Project

San Jacinto River Waste Pits Site

Subject Design Summary

Sheets By sC
Checked By.

Sheet
Date 07/04/2024

Date

Elevations (ft) Usual Unusual Steel Sheet Pile, Fy
Top of Wall +10 10
Top of Water Outside +5 10
i .. Allowable Stress Factor
Loading Condition Moment & Axial Load Shear
Usual, U 0.50 0.33
Unusual, UNU 0.67 0.44
Extreme, EXT 0.88 0.58
Sacrificial thickness (tc) - for accounting corrosion 0.0175 in
Corroded flange thickness (trf) - two exposed faces tf-(2tc) in
Corroded web thickness (trw) - two exposed faces tw-(2tc) in
Corroded section modulus Sr (trf/tf)*S in3/ft
Corroded section area Avr (trw/tw)*Av in%/ft
Corroded Section Capacities
. . 3 . . 3 Moment (kip.ft / LF)
Sheet Pile Section | S (in’/ft) tf(in) trf(in) | Sr (in°/ft) T UNU T
AZ 26-700 48.40 0.48 0.45 44.87 112 149 196
AZ 36-700N 66.80 0.59 0.56 62.84 157 209 275
AZ 42-700N 78.20 0.71 0.67 74.34 186 247 325
Sheet Pile Section A, (inZ/ft) tw(in) trw(in) |A,, (inZ/ft) T Shearu(:\:llrj /1F) T
AZ 26-700 8.69 0.48 0.45 8.06 160 212 279
AZ 36-700N 8.67 0.44 0.41 7.98 158 210 276
AZ 42-700N 10.83 0.55 0.52 10.14 201 267 351
Sheet Pile Design Summary
section Sheet Pile Section Moment (kip.ft / LF) Shear (kip / LF) Governing DCR
U UNU U UNU Moment Shear
C1 AZ36-700N 129.0 149.6 9.8 11.2 0.82 0.06
C2 AZ42-700N 117.5 248.5 8.7 20.0 1.01 0.07
C3 AZ36-700N 131.0 153.4 11.7 13.1 0.83 0.07
Cc4 AZ36-700N 116.8 120.4 11.2 11.2 0.74 0.07
C5 AZ36-700N 137.0 146.9 10.6 11.6 0.87 0.07
C6 AZ26-700 47.6 59.2 6.4 7.2 0.42 0.04
Cc7 AZ26-700 62.4 98.8 7.7 8.6 0.66 0.05

DCR = Demand to Capacity Ratio
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Client IPC & MIMC

Job Number 12606491

Project __San Jacinto River Waste Pits Site

Subject

Design Summary

Tie Rod Summary

Checked By.

Sheets By sC

Sheet
Date 07/04/2024

Date

Spacing used in Analysis | Demand | Demand Capacity
Section Dia (in) | Analysis | Drawings [ Demand 100% 150% (Kips) DCR
(ft) (ft) (kips) (kips) (kips)
C1 2.25 10 5 120 60 90 145 0.62
C2 3 6 5 106 89 133 259 0.51
Cc3 2.25 6 5 90 75 112 145 0.77
Cc4 2.25 8 5 105 65 98 145 0.68
C5 2.25 6 5 81 68 102 145 0.70
C6 2.25 10 5 87 43 65 145 0.45
Cc7 2.25 5 5 52 52 78 145 0.54

DCR = Demand to Capacity Ratio
Demand 100% = Analysis Demand scaled for spacing shown on drawings
Demand 150% = Demand increased by 150% to account for broken adjacent tie-rod
Demands from C3 govern design for 2.25-in bar
Demands from C2 govern design of 3.00-in bar

Waler Summary

Waler Splice Connection Detail
. Waler . - :
Section Section Section | Plate Size | Plate Thk.| No of Bolt Dia [Conn. DCR
DCR (in X in) (in) Bolts (in)
C1 MC 12X35 0.64 24X8 0.75 12 1.25 0.59
C2 MC 18X45.4 0.76 24X8 1.25 12 1.375 0.82
C3 MC 12X35 0.85 24X8 0.75 12 1.25 0.79
Cc4 MC 12X35 0.74 24X8 0.75 12 1.25 0.69
C5 MC 12X35 0.85 24X8 0.75 12 1.25 0.79
C6 MC 12X35 0.64 24X8 0.75 12 1.25 0.59
c7 MC 12X35 0.64 24X8 0.75 12 1.25 0.59

DCR = Demand to Capacity Ratio

Waler and Waler Connection DCRs were calculated in 90% RD. Demands have reduced with increase in

sheet pile size in 100% RD. Same waler sections are appropriate. No revisions to calculations required.
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Client___IPC & MIMC Job Number 12606491
Project __San Jacinto River Waste Pits Site Sheets By __SC
Subject Analysis Output - PLAXIS Checked By.
Analysis | Drainage Sheet Pile Embed in BSF
i BCF Elevati
Section | Conditiion Stage Section Length Tip Elev evation
ft ft ft ft
Drained UUsuaI I
c1 Susula AZ 36-7T00N| 50 40 8 -60
UnDrained sua
Unusual
Drained UUsuaI I
c2 NUSUE Az 42-700N| 55 45 10 48 t0 -71
. Usual
UnDrained
Unusual
Drained UUsuaI I
C3, C3A NUSUa’ 1Az 36-700N| 49 -39 11 -48 to -66
. Usual
UnDrained
Unusual
Drained UUsuaI I
C4, C4A LS2 A7 36-700N| 47 -37 6 -49
. Usual
UnDrained
Unusual
Drained UUsuaI I
c5 Susula AZ 36-7T00N| 57 47 12 54
UnDrained sua
Unusual
Drained UUsuaI I
cé oI AZ26700 | 57 -47 12 -56
UnDrained sua
Unusual
Drained UUsuaI I
c7 S“S“f AZ 26-700 61 51 20 )
UnDrained sua
Unusual
Notes:
Undrained Undrained (Sediments + BCF) + SS
Usual Usual Load Condition at End of Excavation
Unusual Unusual Load Condition with Water at Top of Wall on BMP Exterior
BCF Beaumont Clay Formation
BSF Beaumont Sand Formation

All Elevations in NAVD88

Sheet
Date 07/04/2024

Date

194219



schilka
Image

schilka
Rectangle

schilka
Text Box
Client
Project
Subject

schilka
Line

schilka
Text Box
Job Number
Sheets By
Checked By

schilka
Line

schilka
Line

schilka
Text Box
Sheet
Date
Date

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Text Box
IPC & MIMC

schilka
Text Box
San Jacinto River Waste Pits Site

schilka
Text Box
Analysis Output - PLAXIS

schilka
Text Box
12606491

schilka
Text Box
SC

schilka
Text Box

schilka
Text Box

schilka
Text Box
07/04/2024


_—
~—

Client___IPC & MIMC Job Number 12606491 Sheet
Project __San Jacinto River Waste Pits Site Sheets By __SC Date 07/04/2024
Subject Analysis Output - PLAXIS Checked By. Date
Analvsi Drai Demand Loads Deflection Tie Rod
na ¥SIS ralrfa_ge Stage Moment Shear Tie-Rod Diameter | Spacing Elev
Section | Conditiion
kip.ft/ LF | kips/LF kips in in ft ft
. Usual 71 7 70 6 2.25 10 5
Drained
c1 Unusual 91 8 91 8
UnDrained Usual 129 10 107 8
Unusual 150 11 120 11
. Usual 93 9 59 5 3.00 6 3
Drained
c2 Unusual 107 9 66 7
UnDrained Usual 118 8 57 7
Unusual 249 20 106 19
. Usual 81 10 64 6 2.25 6 3
Drained U | 99 11 77 9
C3, C3A SUSUT‘ 131 12 82 8
UnDrained sua
Unusual 153 13 90 10
. Usual 70 7 63 2 2.25 8 3
Drained U I 78 7 74 3
C4, CaA Susula 117 11 105 3
UnDrained sua
Unusual 120 11 101 2
. Usual 75 8 55 4 2.25 6 3
Drained
c5 Unusual 90 9 66 6
UnDrained Usual 137 11 77 5
Unusual 147 12 81 6
. Usual 33 5 59 3 2.25 10 3
Drained
c6 Unusual 43 6 8 5
UnDrained Usual 48 6 74 4
Unusual 59 7 87 6
. Usual 62 7 40 6 2.25 5 3
Drained
c7 Unusual 99 9 52 9
UnDrained Usual 60 8 44 6
Unusual 91 8 51 9
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Client IPC & MIMC

Project __San Jacinto River Waste Pits Site

Subject

Tie Rod Capacity Check

DESIGN OF TIE ROD SECTION, AISC 360-22

Tie Rod Design - 2.25 in diameter bar

MATERIAL PROPERTIES

Steel Yield Stress

Steel Tensile Stress

Tie rod nominal Diameter

Tee rod approx. major Thread Diameter

Job Number 12606491
Sheets By __SC

Checked By.

Sheet

Date 07/04/2024

Date

Fybar = 80ksi
Fubar = 100ksi
dbar = 2.25in

dbthl’ = 2.438in

Refer table below from
Nucor Skyline Manual

Grade 80 ksi Yield Strength / 100 ksi Uhtimate Strength
Nominal Min. Net Area Min. URimate Min. Yield Nominal Approx. Major Max.
Bar Diameter | o . | ThruThreads Strength Strength Weight | Thread Diameter | _ Thread Length
Designation in (i Kips kips Ibsift in Orientation ft
#8 " 80 0790 790 632 270 1125 Left Hand 50
#9 1t 80 1000 100.0 800 340 1250 Left Hand s
#10 1 80 1270 1270 1018 430 1375 Left Hand 60
wo | e | e e e s e e |
#1a s 80 2250 2250 1800 785 1875 Right Hand | 60
#8 2% 80 4000 400.0 3200 1360 2438 Right Hand | 89
#20 2% 80 4910 4010 3928 1669 2780 Right Hand | 80
#24 3 80 a0 7070 3656 210 3250 Right Hand | 59
#28 3% 30 2610 961.0 7688 3270 3750 Right Hand | B2

Cold relled threaded bars conform Lo the physical and chemical requirements of ASTM AB15 Grade B0 ksi “Standard Specification for Defermed Carbon Steel Bars for Concrete Reinforcement”.
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Client IPC & MIMC Job Number 12606491 Sheet
Project __San Jacinto River Waste Pits Site Sheets By __SC Date 07/04/2024
Subject Tie Rod Capacity Check Checked By Date

Deduct thickness for corrosion t. := 0.0175in Design Report

Bar Area - Through Threads - Corroded A . d 2t 2 3.85-i 2

g barn = 4’( bar ~ c) = 3.6271n

Length of Tie Rod Lpar = 30ft

ANALYSIS DEMAND LOADS

Tie rod Spacing Spara = 6ft

Te rod Tension Demand Fbarda = 90kip

REVISED DEMAND LOADS FOR SPACING ON DRAWINGS

Tie rod spacingon Drawings Spar == 5t

) . . Fparda“Sbar
Tension Demand for Spacing on Drawings Foard = ————— = 75-kip

Sbara

Tie Rod Demand Load to safeguard against Progressive Failure

In certain situations, progressive collapse of the structure may be a consequence of an extreme
condition, i.e failure of a tie rod. Assuming the load from the failed tie rod is redistributed to adjacent
tie rods resulting in an increase in the demand load on the tie rod by 50%

Tepsion Demand, assuming failure of one prard = 1.5-Fpgq = 112.5-kip
adjacent tie-rod
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Client___IPC & MIMC Job Number 12606491 Sheet
Project _San Jacinto River Waste Pits Site Sheets By __SC Date 07/04/2024
Subject Tie Rod Capacity Check Checked By. Date
ALLOWABLE STRESS DESIGN CAPACITY
D2 Tensile Strength of the Tie Rod
Overstrength Factors Qty = 1.67 TensileYielding
Q4 =20 Tensile Rupture
. - Fybar""\barn
Allowable tensile strength based on limit state Py = — o = 1846 kip
of tensile yielding of gross section, Eq D2-1 Qty
Shear Lag Factor, Table D3.1- Case1 Uu:=1
: - Fubar Abarn'Y
Allowable tensile strength based on limit state Por = ————— = 192.7-kip
of tensile rupture in net section, Eq D2-2 Qyr
J3.6 Tensile Strength of Threaded Parts
Overstrength Factors Qipr = 2.0
Nominal Tensile Stress, Table Fnt := 0.75-F par = 75-ksi
J3.2-Case 8
. I:nt'Abarn
Allowable Tensile Strength of threaded parts Rnt == ———— = 144.5-kip
based on limit state of tension rupture, Eq J3-1 chr

Allowable Tensile Strength

Capacity Check
pra rd

DCR, = .
barc

"Increase Bar Size"

Fparc = Min(Pny . Py - Rye) = 144.5-kip

if Foarc > Fobard = 0-78

otherwise
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Client IPC & MIMC

Project __San Jacinto River Waste Pits Site

Subject

Tie Rod Capacity Check

DESIGN OF TIE ROD SECTION, AISC 360-22

Tie Rod Design - 3.0 in diameter bar

MATERIAL PROPERTIES

Steel Yield Stress

Steel Tensile Stress

Tie rod nominal Diameter

Tee rod approx. major Thread Diameter

Job Number 12606491
Sheets By __SC

Checked By.

Sheet

Date 07/04/2024

Date

Fybar := 80ksi
Fubar := 100ksi
dbar = 3in

dbthl’ = 3.25in

Refer table below from
Nucor Skyline Manual

Grade 80 ksi Yield Strength / 100 ksi Uhtimate Strength
Nominal Min. Net Area Min. URimate Min. Yield Nominal Approx. Major Max.
Bar Diameter | o . | ThruThreads Strength Strength Weight | Thread Diameter | _ Thread Length
Designation in (i Kips kips Ibsift in Orientation ft
#8 " 80 0790 790 632 270 1125 Left Hand 50
#9 1t 80 1000 100.0 800 340 1250 Left Hand s
#10 1 80 1270 1270 1018 430 1375 Left Hand 60
wo | e | e e e s e e |
#1a s 80 2250 2250 1800 785 1875 Right Hand | 60
#8 2% 80 4000 400.0 3200 1360 2438 Right Hand | 89
#20 2% 80 4910 4010 3928 1669 2780 Right Hand | 80
#24 3 80 a0 7070 3656 210 3250 Right Hand | 59
#28 3% 30 2610 961.0 7688 3270 3750 Right Hand | B2

Cold relled threaded bars conform Lo the physical and chemical requirements of ASTM AB15 Grade B0 ksi “Standard Specification for Defermed Carbon Steel Bars for Concrete Reinforcement”.
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Client IPC & MIMC Job Number 12606491 Sheet
Project __San Jacinto River Waste Pits Site Sheets By __SC Date 07/04/2024
Subject Tie Rod Capacity Check Checked By. Date

Deduct thickness for corrosion t. 1= 0.0175in Design Report

Bar Area - Through Threads - Corroded A =X dy, — 2t 2 - 6 9|]h2

9 barn -~ 4 [Q bar c) -

Length of Tie Rod Lo i el

ANALYSIS DEMAND LOADS

Tie rod Spacing Shara = 6t

Tie rod Tension Demand Fbarda := 106kip

REVISED DEMAND LOADS FOR SPACING ON DRAWINGS

Tie rod spacingon Drawings Spar = 5ft

) ) ) Fharda Sbar
Tension Demand for Spacing on Drawings Foard := ————— = 8833 Kip

Sbara

Tie Rod Demand Load to safeguard against Progressive Failure

In certain situations, progressive collapse of the structure may be a consequence of an extreme
condition, i.e failure of a tie rod. Assuming the load from the failed tie rod is redistributed to adjacent
tie rods resulting in an increase in the demand load on the tie rod by 50%

Tepsion Demand,assuming failure of one prard = 1.5[Fp4.q = 132.50ip
adjacent tie-rod
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Client

IPC & MIMC

Job Number 12606491 Sheet

Project

San Jacinto River Waste Pits Site

Sheets By __SC Date 07/04/2024

Subject

Tie Rod Capacity Check

Checked By. Date

ALLOWABLE STRESS DESIGN CAPACITY

D2 Tensile Strength of the Tie Rod

Overstrength Factors

Allowable tensile strength based on limit state
of tensile yielding of gross section, Eq D2-1

Shear Lag Factor, Table D3.1- Case1

Allowable tensile strength based on limit state
of tensile rupture in net section, Eq D2-2

J3.6 Tensile Strength of Threaded Parts
Overstrength Factors

Nominal Tensile Stress, Table
J3.2-Case 8

Allowable Tensile Strength of threaded parts
based on limit state of tension rupture, Eq J3-1

Allowable Tensile Strength

Capacity Check
pra rd

DCR, := .
barc

"Increase Bar Size"

it Fparc 2 prard

Qty = 1.67 TensileYielding
Q4 =20 Tensile Rupture
Fybarm\barn
P., := —— = 330.8kip
ny Q
ty
u=1
b Fubar(Aparnl 2452 ki
ppE————— = .2[kip
Qi
Frot := 0.750F oy = 75(Esi
__ FntPparn _ .
Rnt = o " 258.9Kip
thr

Fharc = Min(Ppy . Pr Rg) = 258.9(kip

=0.51

otherwise

194226



schilka
Image

schilka
Rectangle

schilka
Text Box
Client
Project
Subject

schilka
Line

schilka
Text Box
Job Number
Sheets By
Checked By

schilka
Line

schilka
Line

schilka
Text Box
Sheet
Date
Date

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Text Box
IPC & MIMC

schilka
Text Box
San Jacinto River Waste Pits Site

schilka
Text Box
Tie Rod Capacity Check

schilka
Text Box
12606491

schilka
Text Box
SC

schilka
Text Box

schilka
Text Box

schilka
Text Box
07/04/2024


=

Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Analysis Demand Load on Waler - Sec C1,C3A, C4A,C6
Reduced to 120 kips

July 2024
This calculation is still
okay.

Tie Rod Tension Demand Load from Analysis T = 131.3kip

roda -

Te Rod Spacding S

= 10ft

roda -

The tie rod spacing assumed in analysis results in large demand loads and section size for waler. To
optimize section selection, tie rods will be closely spaced. Closely spaced tie rods will result in lower
demand loads.

Revised Tie Rod Spacing Sod = Stt
Srod
Revised Tie Rod Tension Demand Trod = Troda = = 65.65-kip
roda
Trod kip
Demand Load on waler Wy = =13.13—
Siod ft

Demand Load on Waler to safeguard against progressive failure

In certain situations, progressive collapse of the structure may be a conseequence of an extreme
condition ie. failure of a tie rod. The wailing to the main wall will need to be checked to ensure that it
will not collapse if the span between tie rods doubles following the loss of a tie rod.

SAP2000 analysis is used to calculate the bending moment and shear force demand on the waler for
both the cases. Case 1 - without failure of a tie rod and, Case 2 - with failure of a tie rod.

For Case 1 - Continuous beam with four equal spans of length Srod is anaylzed
For Case 2 - Continuous beam with three spans of length Srod - 2Srod - Srod is analyzed

Waler Design is governed by the demands from Case 2
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Client IPC & MIMC Job Number_11215702 Sheet
Project ___San Jacinto River Waste Pits Site Sheets By |.Goel Date 06/03/2022
Subject —Waler Section & Splice Connection Design Calculation  checked By—S:Chilka Date 06/03/2022

Bending Moment Diagram - Case 1

Point of zero moment

~
5.67

Bending Moment demand from SAP2000 - Mdsap = 32.5Kip-ft

Shear Force Diagram - Case 1

3

\J.

3 - B

o

Shear Force demand from SAP2000 - Vdsap = 39.5Kip
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Client IPC & MIMC Job Number _11215702 Sheet
Project ___San Jacinto River Waste Pits Site Sheets By __1.Goel Date 06/03/2022
Subject —_Waler Section & Splice Connection Design Calculation _ checked By_S-Chilka Date 06/03/2022

Bending Moment Diagram - Case 2

Point of zero moment

,f”f”!J/

B7.7

Bending Moment demand from SAP2000 - Mdsap = 90Kip-ft

Shear Force Diagram - Case 2

L

Shear Force demand from SAP2000 - Vdsap = 66Kip

194229



schilka
Image

schilka
Rectangle

schilka
Text Box
Client
Project
Subject

schilka
Line

schilka
Text Box
Job Number
Sheets By
Checked By

schilka
Line

schilka
Line

schilka
Text Box
Sheet
Date
Date

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

schilka
Line

igoel
Text Box
Bending Moment Diagram - Case 2

igoel
Image

igoel
Image

igoel
Text Box
Shear Force Diagram - Case 2

igoel
Text Box
Bending Moment demand from SAP2000 -   Mdsap = 90Kip-ft

igoel
Text Box
Shear Force demand from SAP2000 - Vdsap = 66Kip

igoel
Ellipse

igoel
Callout
Point of zero moment

igoel
Dimension
~1.7'

igoel
Text Box
San Jacinto River Waste Pits Site

igoel
Text Box
11215702

igoel
Text Box
I.Goel

igoel
Text Box
S.Chilka

igoel
Text Box
06/03/2022

igoel
Text Box
06/03/2022

igoel
Text Box
Waler Section & Splice Connection Design Calculation

schilka
Text Box
IPC & MIMC


=

Client IPC & MIMC Job Number 11215702 Sheet
|.Goel Date 06/03/2022

Date _ 06/03/2022

San Jacinto River Waste Pits Site Sheets By

Project
Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J

Subject

Waler Cross-Section

Back to back
channel waling

Bearing plate
C1

Waler Section

c2

Tie rod

1

Waler s made oftwo channelsectons C1 and C2

Design of corroded waler section, AISC 360-16

Bending moment demand on waler from M dsap = 90kip-ft
SAP2000
Shear force demand on waler from SAP2000 \Y% dsap = 66-kip
. Mdsap .
Bending moment demand on C1 or C2 Md = —— =45kip-ft
S Vdsap .
hear force demand on C1 or C2 Vd := = 33.kip
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Sheet

Date 06/03/2022

Client IPC & MIMC Job Number_ 11215702
Project San Jacinto River Waste Pits Site Sheets By [.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka

Date _ 06/03/2022

Steel yield stress Fy := 36ksi
Steel tensile stress Fu := 58ksi
Modulus of Elasticity of steel E := 29000ksi
Sacrificial thickness - for accounting corrosion tc:= 0.0175in

Channel Section Dimensional Parameters (MC12X35)

Depth d := 12in
Web thickness tw := 0.4375in
Flange thickness tf := 0.6875in
Flange width bf := 3.75in
Distance k:= 1.3125in

Corroded Channel Section Dimensional Parameters (MC12X35)

Web thickness twe := tw — 2tc = 0.4-in

Flange thickness tfc .= tf — 2tc = 0.65-in

Refer Basis of Design
report
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Client IPC & MIMC Job Number_ 11215702

Project San Jacinto River Waste Pits Site Sheets By [.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J

Sectional Properties of Corroded Section

Plastic modulus about x axis

2 2
Zx = [(bf)-%} - {[(bf) - (twc)].w} = 3928 in’

Elastic modulus about x axis

3 3
[(bf)-—(d) } - {[(bf) - (twc)].wﬂ
12 12 .
Sx = =33.12-in

(d)-0.5

Torsion constant

J = |:|:2'(bf)'(tfc)3j| + I:[(d) - (th)]-(twc)3:|:|

w 3

= 0.94~in4

Moment of Inertia about external edge
of web parallel to y axis

3
Iyo = {[(d) - [2~(tfc)]]-@} + [(bff(t&)-ﬂ = 23.17-in*

Cross sectional area

Ac = [2:(bf)-(tfc)] + [[(d) — [2-(tfc)]]-(twe)] = 9.2~in2

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Distance of centroid from external edge

of web

(‘[Wc)2 2

[(d) - [2-(tf0)]]-T + [(bf ) -(th)]
XC = =1.09-in
Ac
. . . 2 . 4

Moment of inertia about y axis Iy := Iyo — (Ac~xc ) =12.21-in
Distance between flange centroids ho := (d) — (tfc) = 11.35-in

Warping torsionalconstant

oy Lt o0 1@ - 012 3.0 0800 + 12-owe) 1) ~ )
12:[6-(6F)-(tf0)] + [(1we)-[(d) - (1]

Cw = 316.03-in6

radius of gyration about y axis ry:= /I—y =1.15-in
Ac

Overstrength factor for flexure Qf .= 1.67

Overstrength factor for shear Qv = 1.67

Classification of sections for local buckling - Section B4.1

Classification of flanges in flexure - Table B4.1b (case 10)

Width - to - Thickness Ratio for flange ag = % =575
tic
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Limiting width to thickness ratio for compact \ . 038 E 10.79
flange section about major/minor axis cf -~ ) y -
Limiting width to thickness ratio for non 1 E 2838
compact flange section about major/minor axis nf -~ y e

Classification of web in flexure - Table B4.1b (case 15)

_ (d) —[2-(k - 2t)]

Width - to - Thickness Ratio for web By - =23.47

twce

Limiting width to thickness ratio for compact web New = 3.76- ’£ =106.72
section about major/minor axis Fy

Limiting width to thickness ratio for non compact Ny = 5.7 /E =161.78
web section about major/minor axis Fy

cnge := | "Compact flange" if ap < X ¢ = "Compact flange"
"Non compact flange" if X.p <ap < XN ¢

"Slender flange" otherwise

cn

wf = | "Compact web" if ay, < X, = "Compact web"

" n :
Non compact web" if’ Aoy, S ay, < XNy

"Slender flange web" otherwise

Allowable Stress Shear Design - Chapter G

Web area Aw = (d)-(twe) = 4.83'in2

Web plate buckling coefficient Kv = 534
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

1
2
E
r==11] Kv-— =72.15
Fy

_ (d) —[2-(tfo)]

rl: =26.57
twe
Web shear coefficient, Eq G2-3 Cvl= 1 if r2rl
and Eq G2-4 RPN
rl
Cvl =1
Nominal shear strength, Eq G2-1 Vn := 0.6-Cvl-Aw-Fy = 104.33-kip
Vn .
Allowable shear strength ve = — = 62.47-kip
Qv
Checkvc := vd if vc > Vd
Check for shear strength eekve = Ve thves

"Revise waler section" if vec < Vd

Checkve = 0.53

Allowable Stress Flexure design about major axis - Chapter F

Yielding - SectionF2.1

Nominal flexural strength for yielding, Eq F2-1 Mnyld := Fy-Zx = 117.83-kip-ft
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By l.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date
J
Lateral Torsional Buckling - Section F2.2
Unbraced length Lb:= Srod2 = 120-in
Lp:=1.76 3—5755'
Limiting unbraced length for yielding Eq F2-5 p-= 170y Fy n
Eq F2-8b e [D0) [y
2 Cw
EqF2-7 s [VYEW i
Sx
Eq F2-6
2 2
f f F
e (1) [ ) erefor2)
Lr:= 1.95rts- X0 L = =245.54-in

From SAP2000 analysis, for calculation of Cb (Lp<Lb<=Lr)

Moment at quarter point of unbraced segment Ma := 28.4kip-ft
Moment at center line of unbraced segment Mb := 67.8kip-ft
Moment at three quarter point of unbraced Mc := 28.4kip-ft
segment

Maximum moment in unbraced segment Mabs := 89.8kip-ft

Date 06/03/2022
06/03/2022
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By l.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Plastic moment capacity Mp := Mnyld
Lateral torsional buckling modification factor, Eq F1-1
Mabs
Cb:= 12.5- =1.69
[(2.5-Mabs) + (3-Ma) + (4-Mb) + (3-Mc)]
Nominal flexural strength for lateral Mnltb := Cb~[Mp - (Mp - 0.7-Fy- Sx)-w}
torsional buckling - Eq F2-2 (Lr—Lp)
Mnltb = 171.54-kip-ft
Nominal fiexural strength Mn := min(Mnyld, Mnltb) = 117.83-kip-ft
Mn .
Design flexure strength M=o~ 70.56-kip-ft
Md .
Check for flexural strength Checkme := “me. if me = Md
"Revise waler section" if mc < Md
Checkmce = 0.64
Deflection Check

Limiting Deflection Lig= % =0.33-in
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y oleves
Maximum deflection from SAP2000 analysis Lhg = 0.18in
L
Demand to Capacity Ratio Checky = if Lig2Lyg

"Revise unbraced length" if Ljg <L, 4

Checkd =0.54

Bolted Splice Plate Connection Design for Waler, Allowable Stress Design -
AISC 360-16

i %
> 15 [

From SAP2000 analysis, point of zero moment in typical span for case 1is ~1.2" and for case 2 is ~1.7' from
tie rod anchorage. Point of splice connection for design is 1.5' from tie rod anchorage.

Resultant Web Force at Point of Splice Connection

Bending moment demand at point of splice, from Msd := 11kip-ft
SAP2000 analysis
. . . Msd-4 .
Horizontal force in web due to moment at point H = = 55.9-kip
w
of splice [d - [2-(k - 2tc)]]
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Resultant web force at point of splice connection V, = / de + sz = 64.92-kip

-l—|4|t—-|

|
=

. i )
Web Moment = ﬁ E
7072

AR

a Web Mament
W D-‘I‘i

Factored shear resistance of bolts in shear

Balt in shear
W) and

l_é:..--"'"'"'_._ tension (T)

No of shear planes Ns:=1
Section J3, Table J3.2

o
Using HDG Group A, A325 bolts l

Nominal shear stress when threads are not Fnv := 54ksi
excluded from shear planes

Taking 1.25" nominal diameter bolt

Bolt nominal diameter db := 1.25in

Nominal unthreaded body area of bolt Ab = 3.14~(db)2~0.25 = 1.23~in2

194239


igoel
Image

igoel
Rectangle

igoel
Text Box
Client
Project
Subject

igoel
Line

igoel
Text Box
Job Number
Sheets By
Checked By

igoel
Line

igoel
Line

igoel
Text Box
Sheet
Date
Date

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Text Box
San Jacinto River Waste Pits Site

igoel
Text Box
11215702

igoel
Text Box
I.Goel

igoel
Text Box
S.Chilka

igoel
Text Box
06/03/2022

igoel
Text Box
06/03/2022

igoel
Text Box
Waler Section & Splice Connection Design Calculation

schilka
Text Box
IPC & MIMC


=

Client IPC & MIMC Job Number 11215702

Project San Jacinto River Waste Pits Site Sheets By l.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka

Nominal shear strength of bolt Rn := Fnv-Ab-Ns = 66.23-kip
Overstrength factor Qb =2

Rn .
Allowable shear strength of bolt = — =33.12-kip

b

VI'
No of bolts required on each side of the web Nb:= — =1.96
splice Rr
No of bolts provided on each side of the web Nf := 6
splice
No of bolt columns in connection pattern along Nr := 3

the length of splice plate

Bolt Connection Pattern

12 |

T T
on on

@ﬂT Oy O T@ﬂ
ol g

O oo O

SPLICE LINE

1

Table J3.3, for 1.25" bolt dia, standard hole dia is 1.375"

Hole diameter dbh := 1.375in

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number_ 11215702
Project San Jacinto River Waste Pits Site Sheets By l.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J
- . 8-(db) .

Minimum center to center spacing allowed b/w Smin ;== ——= =3.33-in

holes, Sec J3.3

Minimum clear spacing allowed b/w Scmin := db = 1.25-in

holes, Sec J3.3

Table J3.4, minimum edge distance allowed Semin := 1.625in

for 1.25" bolt dia

Providing a splice plate of 24"X8", 0.75" thickness for the connection

No of splice plates in the connection Nsp := 1

Eq. J4-3 and J4-4, strength of elements in shear

Depth of splice plate dsp := 8in

Thickness of splice plate Twsp := 0.75in

Reduced thickness of splice plate - for twsp := Twsp — tc = 0.73-in

accounting corrosion

Gross area subject to shear Agv = dsp-twsp = 5.86-in2

Nominal shear yielding strength Rnsy := 0.6-Fy-Agv-Nsp = 126.58-kip

Overstrength factor Qspsy := 1.5

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Waler Section & Splice Connection Design Calculation

Subject

Allowable shear yielding strength

Demand to Capacity Ratio

Net area subject to shear

Nominal shear rupture strength

Overstrength factor

Allowable shear rupture strength

Demand to Capacity ratio

Job Number 11215702 Sheet
Sheets By |.Goel Date _06/03/2022
Checked By—S:Chilka Date _06/03/2022
Rrsy = ~0Y _ g4 38.kip
Qspsy
Checksy := if Rrsy > Vd

"Revise splice plate" if Rrsy < Vd

Checksy = 0.39

dbh
Anv := [dsp - (Nf'—)}twsp = 3.85-in2

Nr

Rnsr := 0.6-Fu-Anv-Nsp = 133.83-kip

Qspsr = 2

Rnsr .
Rrsr:= = 66.91-kip
Qspsr

Checksr = V—d if Rrsr>Vd
Rrsr

"Revise splice plate" if Rrsr < Vd

Checksr = 0.49
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Client IPC & MIMC Job Number__11215702 Sheet

Project San Jacinto River Waste Pits Site Sheets By I.Goel Date

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date
J

Maximum spacing and edge distance - Section J3-5

Maximum edge distance

Semax := | 12-min(tw, Twsp) if 12-min(tw,Twsp) < 6in = 5.25-in

6in if 12-min(tw, Twsp) > 6in

Maximum center to center longitudinal spacing
allowed b/w holes

Smax := |24-min(tw, Twsp) if 24-min(tw,Twsp) < 12in = 10.5-in
12in if 24-min(tw, Twsp) > 12in
Distance of bolt from splice plate edge Seprov := 2in

Distance of bolt from channel section flange
inner edge

Sepprov := Seprov + [(d — dsp)-0.5 — k] =2.69-in

Spacing provided between bolts Sprov := 4in

Check for bolt edge distance provided

Secheck := | "Okay" if Semin < max(Sepprov, Seprov) < Semax = "Okay"

"Not Okay" otherwise

Check for spacing provided between bolts

Scheck := |"Okay" if (max(Smin,Scmin + dbh) < Sprov < Smax) = "Okay"

"Not Okay" otherwise

_06/03/2022
06/03/2022
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Client IPC & MIMC Job Number__ 11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By |.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _ooleres
Block Shear Rupture Check, Eq. J4-5
Fallure by teardng out of shaded portlon
Cope Shear .
Beam area & :
,\—"* Shear 1 Va Tensie
area ~ area Multiple-Row Beam-
M Tensile End Connectlons
area l Po ih) Cases for which Uy, = 0.5

Fig. C-F.1. Failure surface for Block shear rupiure Timit state,

No of bolts in the outermost edge of the
connection pattern which is in tension

Nbr := 3
NetArea resisting the tensile stress

Ant := Nsp-[Seprov + (Nbr — 1)Sprov — [dbh-(Nbr — 0.5)]]-twsp = 4.81~in2

NetArea resisting the shear stress

Nf
Avn := Nsp-|:dsp — Seprov — H:(F) - 0.5i|-dbth-twsp = 2.88-in2
r

Gross area resisting the shear stress Avg = Nsp-(dsp — Seprov)-twsp = 4.39-in2

Nominal block shear strength Ubs := 0.5

Rbs := [(0.6-Fu-Avn) + (Ubs-Fu-Ant)] = 239.77-kip

Rnbs := |Rbs if Rbs < [(0.6-Fy-Avg) + (Ubs-Fu-Ant)] = 234.34-kip
[(0.6-Fy-Avg) + (Ubs-Fu-Ant)] if Rbs > [(0.6-Fy-Avg) + (Ubs-Fu-Ant)]
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By |.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022

Overstrength Factor Qbs := 2

Allowable block shear strength Rrbs := P L 117.17-kip

S
Demand to Capacity Ratio Checkbs := 5 if Rrbs > Vd
Rrbs

"Revise splice plate" if Rrbs < Vd

Checkbs = 0.28

Bearing Resistance Check, Eq. J3-6a

Nominal bearing strength at bolt holes Rnb := 2.4-(db)-twsp-Fu-Nf = 764.73-kip
Overstrength Factor Qbh =2
. Rnb .

Allowable bearing strength at bolt holes Rrb := m = 382.36-kip
Demand to Capacity Ratio

VI‘

Checkbh := | — if Rrb >V, =0.17
Rrb

"Revise splice plate or bolts" if Rrb <V,

Tearout Resistance Check, Eq. J3-6¢

h
Ic for edge bolts Ico := Seprov — (%j =1.31-in
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Subject

Waler Section & Splice Connection Design Calculation

Ic for inner bolts

Inner bolts on each side of splice

For edge bolts, nominal tearout strength
at bolt holes

For inner bolts. nominal tearout strength
at bolt holes

Total nominal tearout strength at bolt holes

Job Number__11215702 Sheet
Sheets By [.Goel Date _06/03/2022
Checked By—S-Chilka Date _06/03/2022

Ici := Sprov — dbh = 2.63-in

Rnto := 1.2-twsp-Fu-Ico-(Nf — Ni) = 401.48-kip

Rati := 1.2-twsp-Fu-lci-Ni = 0-kip

Rnt := Rnto + Rati = 401.48-kip

Overstrength factor Qbt:= 2
Rnt .
Allowable tearout strength at bolt Rrt := —— =200.74-kip
holes (bt
Demand to Capacity Ratio
VI‘
Checkth := P if Rrt>V, =0.32

"Revise splice plate or bolts" if Rrt <V,

Slip Resistance Check, Eq. J3-4

For class A surfaces

Minimum bolt pretension, Table J3.1 for Group

A, A325 bolts

pi=0.3
Du:=1.13
Tb := 81kip
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By l.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _DPiPoleves
hf :=1

Nominal slip resistance of bolts Rsr := Nf-Ns-p-Du-Tb-hf = 164.75-kip

Overstrength Factor Qsr:= 1.5

Allowable slip resistance of bolts Rrslr := ? = 109.84-kip

ST
Demand to Capacity Ratio
V
Checkslr := if Rrslr >V, =0.59
Rrslr

"Revise bolts size" if Rrslr < Vr

Design Summary

Provide rectangular splice plate of 24"X8",0.75" thickness. On each side of web splice bolted
plate connection, provide 6 - 1.25" dia HDG Group A - A325 bolts.
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By__S-Chilka Date _ 06/03/2022

J —

. Reduced to 106 kips
Analysis Demand Load on Waler - Sec C2 July 2024

/ This calculation is still
okay.

Te Rod Tension Demand Load from Analysis T = 178.4kip

roda *

Tee Rod Spadng Sroda = Oft

The tie rod spacing assumed in analysis results in large demand loads and section size for waler. To
optimize section selection, tie rods will be closely spaced. Closely spaced tie rods will result in lower
demand loads.

Revised Tie Rod Spacing Srod = Sft
. . Srod
Revised Tie Rod Tension Demand Trod = Troda = = 148.67-kip
roda
T .
Demand Load on waler wq| = rod = 29.73-m
Srod ft

Demand Load on Waler to safeguard against progressive failure

In certain situations, progressive collapse of the structure may be a conseequence of an extreme
condition ie. failure of a tie rod. The wailing to the main wall will need to be checked to ensure that it
will not collapse if the span between tie rods doubles following the loss of a tie rod.

SAP2000 analysis is used to calculate the bending moment and shear force demand on the waler for
both the cases. Case 1 - without failure of a tie rod and, Case 2 - with failure of a tie rod.

For Case 1 - Continuous beam with four equal spans of length Srod is anaylzed
For Case 2 - Continuous beam with three spans of length Srod - 2Srod - Srod is analyzed

Waler Design is governed by the demands from Case 2
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Cloud+

schilka
Cloud+
Reduced to 106 kips
July 2024
This calculation is still okay.


Z

Client IPC & MIMC Job Number_ 11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By 1.Goel Date 06/03/2022
Subject —_Waler Section & Splice Connection Design Calculation  checked By_S.Chilka Date _06/03/2022

Bending Moment Diagram - Case 1 .
Point of zero moment

.
X Y ey ®
S T
I H'Hﬁ///y -

Bending Moment demand from SAP2000 - Mdsap = 73.4Kip-ft

Shear Force Diagram - Case 1

Shear Force demand from SAP2000 - Vdsap = 89Kip
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Client IPC & MIMC Job Number 11215702 Sheet
Date 06/03/2022

Date 06/03/2022

San Jacinto River Waste Pits Site Sheets By 1.Goel
Waler Section & Splice Connection Design Calculation Checked By__S-Chilka

Project
Subject

Bending Moment Diagram - Case 2

Point of zero moment

14483

f
14483

A

P

153.

~1.7

Bending Moment demand from SAP2000 - Mdsap = 203.3Kip-ft

Shear Force Diagram - Case 2

Shear Force demand from SAP2000 - Vdsap = 148.7Kip
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _DPiPoleves
Waler Cross-Section
e Back to back

channel waling

Bearing plate
C1

Waler Section

c2

Tie rod

4

Waler s made oftwo channelsectons C1 and C2

Design of corroded waler section, AISC 360-16

Bending moment demand on waler from M dsap = 203.26kip- ft
SAP2000
Shear force demand on waler from SAP2000 \Y% dsap = 149-kip
Mdsap
Bending moment demand on C1 or C2 Md = — =101.63-kip-ft

Shear force demand on C1 or C2 Vd:

Steel yield stress Fy := 36ksi
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Client

IPC & MIMC

Project

San Jacinto River Waste Pits Site

Subject

Waler Section & Splice Connection Design Calculation

Steel tensile stress

Modulus of Elasticity of steel

Sacrificial thickness - for accounting corrosion

Job Number 11215702 Sheet
Sheets By |.Goel Date _06/03/2022
Checked By—S:Chilka Date _06/03/2022
Fu := 58ksi
E := 29000ksi
tc:= 0.0175in Refer Basis of Design
report

Channel Section Dimensional Parameters (MC18X45.8)

Depth

Web thickness

Flange thickness

Flange width

Distance

d = 18in

tw := 0.5in
tf == 0.625in
bf = 4in
k:= 1.4375in

Corroded Channel Section Dimensional Parameters (MC18X45.8)

Web thickness

Flange thickness

Sectional Properties of Corroded Section

Plastic modulus about x axis

2
7x = {(bf}%} - {[(bf) - (twe)]-

twe ;= tw — 2tc = 0.47-in

tfc := tf — 2tc = 0.59-in

w} _7308in’

4
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Client IPC & MIMC Job Number 11215702
Project San Jacinto River Waste Pits Site Sheets By [.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J
Elastic modulus about x axis
@’ [(d) = [2:(tf)]]°
(bf)~7 —| [(bf) — (tWC)]~T 5
Sx = = 60.24-in
(d)-0.5
Torsion constant
3 3
Teo [2-(bf)-(tf0) J + [[(d) - (th)]~(tWC)]] 13t

m 3
Moment of Inertia about external edge

of web parallel to y axis

(twe)’

Iyo == {[(d) - [2~(tfc)]]~T:| + [(bff.(tfc)ﬂ — 25.74in”

Cross sectional area

Ac = [2-(bF)-(tfe)] + [[(d) = [2-(tfe)]]-(twe)] = 12.54-in”

Distance of centroid from external edge
of web

2
[{(d) 2ty ) } + [(bf)z-(tfcﬂ}

2

XC =
Ac

Moment of inertia about y axis

Iy := Iyo - (Ac-xcz) = 15.63‘in4

=0.9-in

Sheet

Date 06/03/2022

Date

06/03/2022

194253



igoel
Image

igoel
Rectangle

igoel
Text Box
Client
Project
Subject

igoel
Line

igoel
Text Box
Job Number
Sheets By
Checked By

igoel
Line

igoel
Line

igoel
Text Box
Sheet
Date
Date

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Text Box
San Jacinto River Waste Pits Site

igoel
Text Box
11215702

igoel
Text Box
I.Goel

igoel
Text Box
S.Chilka

igoel
Text Box
06/03/2022

igoel
Text Box
06/03/2022

igoel
Text Box
Waler Section & Splice Connection Design Calculation

schilka
Text Box
IPC & MIMC


=

Client IPC & MIMC Job Number 11215702

Project San Jacinto River Waste Pits Site

Sheets By .Goel

Date 06/03/2022

Subject Waler Section & Splice Connection Design Calculation

Checked By. S.Chilka

Distance between flange centroids ho := (d) — (tfc) = 17.41-in

Warping torsionalconstant

Cw [(th)'(bf)3'[(d) - (th)]2]~[[3~(bf)-(th)] + [2-(twe)-[(d) - (te)]]]

12-[[6-(bf)-(tfc)] + [(twe)-[(d) — (tfe)]]]

Cw = 997.31-in’

radius of gyration about y axis ry = /I—y =1.12-in
Ac

Overstrength factor for flexure Qf == 1.67

Overstrength factor for shear Qv .= 1.67

Classification of sections for local buckling - Section B4.1

Classification of flanges in flexure - Table B4.1b (case 10)

Width - to - Thickness Ratio for flange ap = bf =6.78

tfc
Limiting width to thickness ratio for compact N E !
flange section about major/minor axis of = 038 _y =10.79

Limiting width to thickness ratio for non N E 28.38
compact flange section about major/minor axis nf ~ Fy -
Classification of web in flexure - Table B4.1b (case 15)

_ @ -2(k-219] _
Width - to - Thickness Ratio for web Ay = twe =32.68
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Limiting width to thickness ratio for compact web New = 3.76- /E =106.72
section about major/minor axis Fy

Limiting width to thickness ratio for non compact Now = 5.7 £ =161.78
web section about major/minor axis \ Fy

cngp i= | "Compact flange" if ap <X ¢ = "Compact flange"
"Non compact flange" if X.f Sap < Xyp
"Slender flange" otherwise
cnyp = | "Compact web" if a, <X, = "Compact web"

" " 1
Non compact web" if' Aoy, < ay, < XNy

"Slender flange web" otherwise

Allowable Stress Shear Design - Chapter G

Web area Aw = (d)-(twe) = 8.37-in2

Web plate buckling coefficient Kv:= 534
1

E 2
r:= 1.1 Kv.— =72.15
Fy

_ (@ - [2-(tf)]

twe

rl: =36.17

Web shear coefficient, Eq G2-3 Cvli= |1 if r2rl

and Eq G24 Ll d el
T
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Client

IPC & MIMC

Project

San Jacinto River Waste Pits Site

Subject

Waler Section & Splice Connection Design Calculation

Nominal shear strength, Eq G2-1

Allowable shear strength

Check for shear strength

Job Number 11215702

Sheets By l.Goel
Checked By. S.Chilka

Cvl=1

Vn := 0.6-Cvl-Aw-Fy = 180.79-kip

\
Ve = — = 108.26-kip
Qv

Vv
Checkve := —d if ve > Vd
ve

"Revise waler section"

Checkve = 0.69

Allowable Stress Flexure design about major axis - Chapter F

Yielding - SectionF2.1

Nominal flexural strength for yielding, Eq F2-1

Lateral Torsional Buckling - Section F2.2

Unbraced length

Limiting unbraced length for yielding Eq F2-5

EqF2-8b

EqF2-7

Mnyld := Fy-Zx = 221.93-kip-ft

Lb:= S, 42 =120-in
E .
Lp:= 1.76-ry- |— =55.77-in
Fy

Sheet
Date 06/03/2022
Date _ 06/03/2022

if ve < Vd
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
J —
Eq F2-6

2 2
E. j (J-Sth )+ j(J~Sth ) + 6.76~(O.7~%)
X0 ro/ L 4~ 197.09-in

(0.7-Fy)

Lr:= 1.95-rts-

From SAP2000 analysis, for calculation of Cb (Lp<Lb<=Lr)

Moment at quarter point of unbraced segment Ma := 64.3kip-ft
Moment at center line of unbraced segment Mb := 153.5kip-ft
Moment at three quarter point of unbraced Mc := 64.3kip-ft
segment

Maximum moment in unbraced segment Mabs := 203.3kip-ft
Plastic moment capacity Mp := Mnyld

Lateral torsional buckling modification factor, Eq F1-1

Mabs
Cb:=12.5- =1.69
[(2.5-Mabs) + (3-Ma) + (4-Mb) + (3-Mc)]
Nominal flexural strength for lateral Mnltb := Cb~[Mp — (Mp — 0.7-Fy- Sx)-M}
torsional buckling - Eq F2-2 (Lr—Lp)

Mnltb = 300.9-kip-ft
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022

Nominal flexural strength Mn := min(Mnyld, Mnltb) = 221.93-kip-ft

= M0 135 89.kip-f
Design flexure strength M=o~ 32.89-kap-
heckmc := Md if >
Check for flexural strength Checkme := e Mes Md
"Revise waler section" if mc < Md
Checkme = 0.76
Deflection Check

Limiting Deflection Lig= Lo =0.33-in
360
Maximum deflection from SAP2000 analysis L,,q:= 0.25in
c L
Demand to Capacity Ratio Check § := if Li;>L
d- 1d = *md
Lig
"Revise unbraced length" if Ljj <Ly 4
Checky = 0.75
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Bolted Splice Plate Connection Design for Waler, Allowable Stress Design -
AISC 360-16

o f—— . —r— ——— / F \

. ’ - -
> 15 [

From SAP2000 analysis, point of zero moment in typical span for case 1 is ~1.2' and for case 2 is ~1.7' from
tie rod anchorage. Point of splice connection for design is 1.5' from tie rod anchorage.

Resultant Web Force at Point of Splice Connection

Bending moment demand at point of splice, Msd := 24.88kip-ft
from SAP2000 analysis

. . . Msd-4 .
Horizontal force in web due to moment at point H,, = = 78.59-kip

of splice [d —[2-(k—2tc)]]

Resultant web force at point of splice connection V, = /de + sz = 108.29-kip

T
2 Hy
- 2
2 i | ’
=

Web Moment = ﬁ(

-

D-.
)
=4

B Web Moment
" D/4
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _ 06/03/2022

Factored shear resistance of bolts in shear

No of shear planes Ns:=1

Balt in shear
l W) and
lé:_______..---"'_ tension (T}
-2
Section J3, Table J3.2 - —_—
o
Using HDG Group A, A325 bolts l T
Nominal shear stress when threads are not Fnv := 54ksi
excluded from shear planes
Taking 1.375" nominal diameter bolt
Bolt nominal diameter db := 1.375in
Nominal unthreaded body area of bolt Ab = 3.14~(db)2~0.25 = 1.48~in2
Nominal shear strength of bolt Rn := Fnv-Ab-Ns = 80.14-kip
Overstrength factor Qb =2
Rn .
Allowable shear strength of bolt = _b =40.07-kip
VI‘
No of bolts required on each side of the web Nb:i=— =27
splice Rr
No of bolts provided on each side of the web Nf := 6
splice
No of bolt columns in connection pattern along Nr:= 3

the length of splice plate
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Bolt Connection Pattern

i T
on on

ol g

@2.,6 O

E

SP)

O

Table J3.3, for 1.375" bolt dia, standard hole dia is 1.5"

Hole diameter dbh := 1.5in

- . 8-(db) .
Minimum center to center spacing allowed b/w Smin ;= ——= =3.67-in
holes, Sec J3.3
Minimum clear spacing allowed b/w Scmin := db = 1.38-in

holes, Sec J3.3

Table J3.4, minimum edge distance allowed Semin := 1.72in
for 1.375" bolt dia

Providing a splice plate of 24"X8", 1.25" thickness for the connection

No of splice plates in the connection Nsp = 1
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Subject Waler Section & Splice Connection Design Calculation

Eq. J4-3 and J4-4, strength of elements in shear

Depth of splice plate

Thickness of splice plate

Reduced thickness of splice plate - for
accounting corrosion

Gross area subject to shear

Nominal shear yielding strength

Overstrength factor

Allowable shear yielding strength

Demand to Capacity Ratio

Net area subject to shear

Job Number 11215702 Sheet

Sheets By l.Goel
Checked By. S.Chilka

dsp := 8in

Twsp = 1.25in

twsp := Twsp — tc = 1.23-in

Agv = dsp-twsp = 9.86~in2

Rnsy := 0.6-Fy-Agv-Nsp = 212.98-kip

Qspsy := 1.5
Rn

Rrsy = ——% = 141.98-kip
Qspsy

Checksy := if Rrsy > Vd

Date 06/03/2022

Date

06/03/2022

"Revise splice plate" if Rrsy < Vd

Checksy = 0.52

dbh
Anv := [dsp - (Nf?ﬂ-twsp = 6.16-in2
T
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By l.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _DPiPoleves
Nominal shear rupture strength Rnsr := 0.6-Fu-Anv-Nsp = 214.45-kip
Overstrength factor Qspsr := 2
Rnsr .
Allowable shear rupture strength Rrsr = =107.23-kip
Qspsr
. . vd .
Demand to Capacity ratio Checksr := | — if Rrsr> Vd
Rrsr

"Revise splice plate" if Rrsr < Vd

Checksr = 0.69

Maximum spacing and edge distance - Section J3-5

Maximum edge distance

Semax := | 12-min(tw, Twsp) if 12-min(tw,Twsp) < 6in = 6-in

6in if 12-min(tw, Twsp) > 6in

Maximum center to center longitudinal spacing
allowed b/w holes

Smax := |24-min(tw, Twsp) if 24-min(tw,Twsp) < 12in = 12-in
12in if 24-min(tw, Twsp) > 12in
Distance of bolt from splice plate edge Seprov := 2in
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Distance of bolt from channel section flange
inner edge

Sepprov := Seprov + [(d — dsp)-0.5 — k] = 5.56-in

Spacing provided between bolts Sprov := 4in

Check for bolt edge distance provided

Secheck := |"Okay" if Semin < max(Sepprov,Seprov) < Semax = "Okay"

"Not Okay" otherwise

Check for spacing provided between bolts

Scheck := |"Okay" if (max(Smin,Scmin + dbh) < Sprov < Smax) = "Okay"

"Not Okay" otherwise

Block Shear Rupture Check, Eq. J4-5

Fallure by teardng out of shaded portlon

Cope Shear -
Beam area & :
< Shear 1 Vo Tensie
area - area Multiple-Row Beam-
\_Tensile End CDI"II"IECTIDHS
area l Fo {h) Cases for which Uy, = 0.5

Fig. C-F.1. Failure surface for Block shear rupiure Timit state,

No of bolts in the outermost edge of the

connection pattern which is in tension Nbr:= 3
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Subject

Waler Section & Splice Connection Design Calculation

Nominal block shear strength

Overstrength Factor

Demand to Capacity Ratio

NetArea resisting the tensile stress

NetArea resisting the shear stress

Avn := Nsp-|:dsp — Seprov — |:|:(

Gross area resisting the shear stress

Allowable block shear strength

Job Number__11215702 Sheet
Sheets By [.Goel Date _06/03/2022
Checked By—S-Chilka Date _06/03/2022

Ant := Nsp-[Seprov + (Nbr — 1)Sprov — [dbh-(Nbr — 0.5)]]-twsp = 7.7~in2

Nf
) - 0.5:|-dbh:|:|-twsp = 4.62~in2
Nr

Avg = Nsp-(dsp — Seprov)-twsp = 7.39-in2
Ubs := 0.5

Rbs := [(0.6-Fu-Avn) + (Ubs-Fu-Ant)] = 384.23 kip

Rnbs := |Rbs if Rbs < [(0.6-Fy-Avg) + (Ubs-Fu-Ant)] = 383.12-kip
[(0.6-Fy-Avg) + (Ubs-Fu-Ant)] if Rbs > [(0.6-Fy-Avg) + (Ubs-Fu-Ant)]

Qbs =2
Rnl
Rrbs := 2205 _ 191 56.kip
Qbs
Checkbs := if Rrbs > Vd

Rrbs

"Revise splice plate" if Rrbs < Vd

Checkbs = 0.39
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Bearing Resistance Check, Eq. J3-6a

Nominal bearing strength at bolt holes Rnb := 2.4-(db)-twsp-Fu-Nf = 1.42 x 103-kip
Overstrength Factor Qbh =2
. Rnb .
Allowable bearing strength at bolt holes Rrb := —— =707.7-kip
Qbh

Demand to Capacity Ratio

VI‘

Checkbh := | — if Rib>V, =0.15
Rrb

"Revise splice plate or bolts" if Rrb <V,

Tearout Resistance Check, Eq. J3-6¢

dbh
Ic for edge bolts Ico := Seprov — (T) =1.25-in
c for inner bolts Ici := Sprov — dbh =2.5:in
Inner bolts on each side of splice Ni:=0
For edge bolts, nominal tearout strength Rnto := 1.2-twsp-Fu-Ico-(Nf — Ni) = 643.37-kip
at bolt holes
For inner bolts. nominal tearout strength Rnti := 1.2-twsp-Fu-lci-Ni = 0-kip
at bolt holes
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Client

IPC & MIMC

Project

San Jacinto River Waste Pits Site

Subject

Waler Section & Splice Connection Design Calculation

Total nominal tearout strength at bolt holes

Overstrength factor

Allowable tearout strength at bolt
holes

Demand to Capacity Ratio

v

Job Number__11215702 Sheet
Sheets By [.Goel Date _06/03/2022
Checked By—S-Chilka Date _06/03/2022

Rnt := Rnto + Rnti = 643.37-kip

Qbt :

I
\e}

Rnt .
Rrt := — =321.68-kip
Qbt

Checkth = |— if Rrt>V, - 0.34

Rrt

"Revise splice plate or bolts" if Rrt <V,

Slip Resistance Check, Eq. J3-4

For class A surfaces

Minimum bolt pretension, Table J3.1 for Group
A, A325 bolts

Nominal slip resistance of bolts

Overstrength Factor

Allowable slip resistance of bolts

pi=0.3
Du:=1.13
Tb := 97kip
hf :=1

Rsr ;= Nf-Ns-p-Du-Tb-hf = 197.3-kip

Qsr:=1.5

R
Rrslr := —— = 131.53-kip
Sr
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Demand to Capacity Ratio
V.
Checkslr := if Rrslr >V, =0.82
Rrslr

"Revise bolts size" if Rrslr < Vr

Design Summary

Provide rectangular splice plate of 24""X8",1.25" thickness. On each side of web splice bolted
plate connection, provide 6 - 1.375" dia HDG Group A - A325 bolts.
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

Analysis Demand Load on Waler - Sec C5,C3 _
Reduced to 90 kips

July 2024
This calculation is still
okay.

Tie Rod Tension Demand Load from Analysis T = 105.2kip

roda *

Tee Rod Spadng S

6ft

roda =

The tie rod spacing assumed in analysis results in large demand loads and section size for waler. To
optimize section selection, tie rods will be closely spaced. Closely spaced tie rods will result in lower
demand loads.

Revised Tie Rod Spacing Srod = Sft
. . Sro
Revised Tie Rod Tension Demand Trod = Troda’ = 87.67-kip
roda
Trod kip
Demand Load on waler wq| = =17.53-—
Srod ft

Demand Load on Waler to safeguard against progressive failure

In certain situations, progressive collapse of the structure may be a conseequence of an extreme
condition ie. failure of a tie rod. The wailing to the main wall will need to be checked to ensure that it
will not collapse if the span between tie rods doubles following the loss of a tie rod.

SAP2000 analysis is used to calculate the bending moment and shear force demand on the waler for
both the cases. Case 1 - without failure of a tie rod and, Case 2 - with failure of a tie rod.

For Case 1 - Continuous beam with four equal spans of length Srod is anaylzed
For Case 2 - Continuous beam with three spans of length Srod - 2Srod - Srod is analyzed

Waler Design is governed by the demands from Case 2
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schilka
Cloud+
Reduced to 90 kips
July 2024
This calculation is still okay.


Z

Client IPC & MIMC Job Number__11215702 Sheet
Project ___San Jacinto River Waste Pits Site Sheets By [.Goel Date _06/03/2022
Subject —_Waler Section & Splice Connection Design Calculation _ checked By__S.Chilka Date _06/03/2022

Bending Moment Diagram - Case 1

Point of zero moment

34.27

34.27

Bending Moment demand from SAP2000 - Mdsap = 43.26Kip-ft

Shear Force Diagram - Case 1

Shear Force demand from SAP2000 - Vdsap = 52.5Kip
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Client

IPC & MIMC

Job Number 11215702

Project San Jacinto River Waste Pits Site

Sheet

Sheets By 1.Goel

Date 06/03/2022

Subject Waler Section & Splice Connection Design Calculation  cpecked By. S.Chilka

Bending Moment Diagram - Case 2

Date _06/03/2022

Bending Moment demand from SAP2000 -

Shear Force Diagram - Case 2

B7.79

’./

Mdsap = 119.85Kip-ft

B7.65

-87 65

JY

_s?l T
\
\

Shear Force demand from SAP2000 - Vdsap = 87.7Kip
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Waler Cross-Section

Back to back
channel waling

Bearing plate
C1

Waler Section

c2

Tie rod

1

Waler s made oftwo channelsectons C1 and C2

Design of corroded waler section, AISC 360-16

Bending moment demand on waler from M dsap = 119.85kip-ft
SAP2000
Shear force demand on waler from SAP2000 Vdsap := 87.7-kip
Mdsap
Bending moment demand on C1 or C2 Md := ——— =59.92-kip-ft
Vdsap
Shear force demand on C1 or C2 Vd := —— =43.85-kip
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Client IPC & MIMC Job Number 11215702 Sheet
Project ___San Jacinto River Waste Pits Site Sheets By l.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Steel yield stress Fy := 36ksi
Steel tensile stress Fu := 58ksi
Modulus of Elasticity of steel E := 29000ksi
Sacrificial thickness - for accounting corrosion tc:= 0.0175in Refer Basis of Design
report
Channel Section Dimensional Parameters (MC12X35)
Depth d:= 12in
Web thickness tw := 0.4375in
Flange thickness tf := 0.6875in
Flange width bf := 3.75in
Distance k:= 1.3125in

Corroded Channel Section Dimensional Parameters (MC12X35)

Web thickness

Flange thickness

twe ;= tw — 2tc = 0.4-in

tfc := tf — 2tc = 0.65-in
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Client IPC & MIMC Job Number_ 11215702

Project San Jacinto River Waste Pits Site Sheets By [.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J

Sectional Properties of Corroded Section

Plastic modulus about x axis

2 2
Zx = [(bf)-%} - {[(bf) - (twc)].W} = 3928in’

Elastic modulus about x axis

3 3
[(bf)-—(d) } - {[(bf) - (twc)].wﬂ
12 12 .
Sx = =33.12-in

(d)-0.5

Torsion constant

I 200009+ [0 - -y’ ]

w 3

= 0.94~in4

Moment of Inertia about external edge
of web parallel to y axis

(twc)3

Iyo = {[(d) - [2-(tfc)]]-T} + [(bff(t&)-ﬂ —23.17-in*

Cross sectional area

Ac := [2-(bf)-(tfc)] + [[(d) — [2-(tfc)]]-(twe)] = 9.2~in2

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Distance of centroid from external edge

of web

(‘[Wc)2 2

[(d) - [2-(tf0)]]-T + [(bf ) -(th)]
XC = =1.09-in
Ac
. . . 2 . 4

Moment of inertia about y axis Iy := Iyo — (Ac~xc ) =12.21-in
Distance between flange centroids ho := (d) — (tfc) = 11.35-in

Warping torsionalconstant

oy Lt o0 1@ - 012 3.0 0800 + 12-owe) 1) ~ )
12:[6-(6F)-(tf0)] + [(1we)-[(d) - (1]

Cw = 316.03-in6

radius of gyration about y axis ry = /I—y =1.15-in
Ac

Overstrength factor for flexure Qf .= 1.67

Overstrength factor for shear Qv = 1.67

Classification of sections for local buckling - Section B4.1

Classification of flanges in flexure - Table B4.1b (case 10)

Width - to - Thickness Ratio for flange ag = % =575
tic
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Limiting width to thickness ratio for compact \ . 038 E 10.79
flange section about major/minor axis cf -~ ) y -
Limiting width to thickness ratio for non 1 E 2838
compact flange section about major/minor axis nf -~ y e

Classification of web in flexure - Table B4.1b (case 15)

_ () —[2:(k—=2t0)]
Width - to - Thickness Ratio for web Ay =

=2347
twce

Limiting width to thickness ratio for compact web New = 3.76- ’£ =106.72
section about major/minor axis Fy

Limiting width to thickness ratio for non compact Ny = 5.7 /E =161.78
web section about major/minor axis Fy

cnge := | "Compact flange" if ap < X ¢ = "Compact flange"
"Non compact flange" if X.p <ap <X p

"Slender flange" otherwise

cny = | "Compact web" if ay,, <Xy = "Compact web"

"Non compact web" if’ A, S ay, < XN

"Slender flange web" otherwise

Allowable Stress Shear Design - Chapter G

Web area Aw = (d)-(twe) = 4.83'in2

Web plate buckling coefficient Kv = 534
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

1
2
E
r==11] Kv-— =72.15
Fy

_ (d) —[2-(tfo)]

rl: =26.57
twe
Web shear coefficient, Eq G2-3 Cvl= 1 if r2rl
and Eq G2-4 RPN
rl
Cvl =1
Nominal shear strength, Eq G2-1 Vn := 0.6-Cvl-Aw-Fy = 104.33-kip
Vn .
Allowable shear strength ve = — = 62.47-kip
Qv
Checkvc := vd if vc > Vd
Check for shear strength eekve = Ve thves

"Revise waler section" if vec < Vd

Checkve = 0.7

Allowable Stress Flexure design about major axis - Chapter F

Yielding - SectionF2.1

Nominal flexural strength for yielding, Eq F2-1 Mnyld := Fy-Zx = 117.83-kip-ft
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Lateral Torsional Buckling - Section F2.2

Unbraced length Lb:

Srod2 = 120-in

1.76-ry- £ =57.55-in
\J Fy
h I
Eq F2-8b of = — ] |=L =112
2 Cw

=
e}
i

Limiting unbraced length for yielding Eq F2-5

Eq F2-7 s [V i
Sx
Eq F2-6

2 2
E.j(J.Sth )R/(J’s(:fh j + 6.76(0.7%)
X0 rwo/ L d _245.54.in

Lr:= 1.95-rts-

From SAP2000 analysis, for calculation of Cb (Lp<Lb<=Lr)

Moment at quarter point of unbraced segment LBV Sl
Moment at center line of unbraced segment Mb := 90.5kip-ft
Moment at three quarter point of unbraced Mc := 37.9kip-ft
segment

Maximum moment in unbraced segment Mabs := 119.85kip-ft
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Subject Waler Section & Splice Connection Design Calculation

Plastic moment capacity

Lateral torsional buckling modification factor, Eq F1-1

Cb:= 125

Job Number__ 11215702 Sheet

Sheets By [.Goel Date _06/03/2022
Checked By—S-Chilka Date _06/03/2022
Mp = Mnyld

Mabs

Nominal flexural strength for lateral
torsional buckling - Eq F2-2

Nominal flexural strength

Design flexure strength

Check for flexural strength

Deflection Check

Limiting Deflection

Maximum deflection from SAP2000 analysis

“ [(2.5-Mabs) + (3-Ma) + (4-Mb) + (3-Mc)] 169

Mnltb := Cb‘[Mp — (Mp - 0.7-Fy-Sx)-

Mnltb = 171.53-kip-ft

(Lb - Lp):|

(Lr-Lp)

Mn := min(Mnyld, Mnltb) = 117.83-kip-ft

M
me = — = 70.56-kip-ft
of

Md
Checkmc := |— if mc > Md
mc

"Revise waler section"

Checkmce = 0.85

Liy= -2 033
= — =0.33-in
1d 360

Lmd = 0.21in

if mc < Md
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y oleves
L
Demand to Capacity Ratio Check = if Lig=Log

"Revise unbraced length" if Ljq <L 4

Checkd =0.63

Bolted Splice Plate Connection Design for Waler, Allowable Stress Design -
AISC 360-16

- —
> 15 [

From SAP2000 analysis, point of zero moment in typical span for case 1is ~1.2" and for case 2 is ~1.7' from
tie rod anchorage. Point of splice connection for design is 1.5' from tie rod anchorage.

Resultant Web Force at Point of Splice Connection

Bending moment demand at point of splice, Msd := 14.7kip-ft
from SAP2000 analysis
. . . Msd-4 .
Horizontal force in web due to moment at point H,, = =74.71-kip
W
of splice [d - [2:(k - 2tc)]]

Resultant web force at point of splice connection V, = /de + sz = 86.62-kip
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J —

D H
. 2
2 | A

Q ‘ ‘ Hw

- T

=

Web Moment = E(E |
2.2
B Web Moment
W= n/4
Factored shear resistance of bolts in shear
N Belt in sh
all i shaar
No of shear planes Ns:= 1 l V) and
lé:______..---"'_ tension (T}
-2
—— >
Section J3, Table J3.2
o

Using HDG Group A, A325 bolts l
Nominal shear stress when threads are not Fnv := 54ksi
excluded from shear planes
Taking 1.25" nominal diameter bolt
Bolt nominal diameter db := 1.25in
Nominal unthreaded body area of bolt Ab = 3_14.(db)2.0,25 = 1.23>~in2
Nominal shear strength of bolt Rn := Fnv-Ab-Ns = 66.23-kip
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Project San Jacinto River Waste Pits Site Sheets By l.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka
Overstrength factor Qb:=2
Rn
Allowable shear strength of bolt Rr:= — =33.12-kip
Qb
VI'
No of bolts required on each side of the web Nb:= — =2.62
splice
No of bolts provided on each side of the web Nf := 6
splice
No of bolt columns in connection pattern along Nr:=3
the length of splice plate
Bolt Connection Pattern
R f
o0
12" -

i
o

J_O

SPLICE LINE
& N

ooy
J

O

O

QL

Table J3.3, for 1.25" bolt dia, standard hole dia is 1.375"

Hole diameter

dbh := 1.375in

Sheet

Date 06/03/2022

Date

06/03/2022
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Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _ooleres
- . 8-(db) .
Minimum center to center spacing allowed b/w Smin := ——— =3.33-in

holes, Sec J3.3

Minimum clear spacing allowed b/w Scmin := db = 1.25-in
holes, Sec J3.3

Table J3.4, minimum edge distance allowed Semin := 1.625in
for 1.25" bolt dia

Providing a splice plate of 24"X8", 0.75" thickness for the connection

No of splice plates in the connection Nsp := 1

Eq. J4-3 and J4-4, strength of elements in shear

Depth of splice plate dsp := 8in
Thickness of splice plate Twsp := 0.75in
Reduced thickness of splice plate - for twsp := Twsp — tc = 0.73-in

accounting corrosion
Gross area subject to shear Agv = dsp-twsp = 5.86-in2

Nominal shear yielding strength Rnsy := 0.6-Fy-Agv-Nsp = 126.58-kip
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By l.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022

Overstrength factor Qspsy .= 1.5

o Rnsy .
Allowable shear yielding strength Rrsy := = 84.38-kip
Qspsy
Demand to Capacity Ratio Checksy := if Rrsy > Vd

"Revise splice plate" if Rrsy < Vd

Checksy = 0.52

. dbh .
Net area subject to shear Anv = |:dsp - (Nf '?):|'twsp = 3.85~1n2
T

Nominal shear rupture strength Rnsr := 0.6-Fu-Anv-Nsp = 133.83-kip
Overstrength factor Qspsr := 2

Rnsr .
Allowable shear rupture strength Rrsr = =66.91-kip

Qspsr

. . vd |
Demand to Capacity ratio Checksr := R_ if Rrsr>Vd
Isr

"Revise splice plate" if Rrsr < Vd

Checksr = 0.66

194284



igoel
Image

igoel
Rectangle

igoel
Text Box
Client
Project
Subject

igoel
Line

igoel
Text Box
Job Number
Sheets By
Checked By

igoel
Line

igoel
Line

igoel
Text Box
Sheet
Date
Date

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Line

igoel
Text Box
San Jacinto River Waste Pits Site

igoel
Text Box
11215702

igoel
Text Box
I.Goel

igoel
Text Box
S.Chilka

igoel
Text Box
06/03/2022

igoel
Text Box
06/03/2022

igoel
Text Box
Waler Section & Splice Connection Design Calculation

schilka
Text Box
IPC & MIMC


=

Client IPC & MIMC Job Number__11215702 Sheet
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J —

Maximum spacing and edge distance - Section J3-5

Maximum edge distance

Semax :=

6in if 12-min(tw, Twsp) > 6in

Maximum center to center longitudinal spacing
allowed b/w holes

Smax := |24-min(tw, Twsp) if 24-min(tw,Twsp) < 12in = 10.5-in
12in if 24-min(tw, Twsp) > 12in
Distance of bolt from splice plate edge Seprov := 2in

Distance of bolt from channel section flange
inner edge

Sepprov := Seprov + [(d — dsp)-0.5 — k] =2.69-in

Spacing provided between bolts Sprov := 4in

Check for bolt edge distance provided

Secheck :=

"Not Okay" otherwise

Check for spacing provided between bolts

Scheck :=

"Not Okay" otherwise

"Okay" if Semin < max(Sepprov,Seprov) < Semax = "Okay"

"Okay" if (max(Smin,Scmin + dbh) < Sprov < Smax) = "Okay"

12-min(tw, Twsp) if 12-min(tw, Twsp) < 6in = 5.25-in
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J —

Block Shear Rupture Check, Eq. J4-5

Fallure by teardng out of shaded portlon

Cope Shear -
Beam area & :
< Shear 1 Vo Tensie
area ~ area Multiple-Row Beam-
\_Tensile End CDI"II"IECTIDHS
area l Fo {h) Cases for which Uy, = 0.5

Fig. C-F.1. Failure surface for Block shear rupiure Timit state,

No of bolts in the outermost edge of the

connection pattern which is in tension Nbr:= 3

NetArea resisting the tensile stress
Ant := Nsp-[Seprov + (Nbr — 1)Sprov — [dbh-(Nbr — 0.5)]]-twsp = 4.81~in2

NetArea resisting the shear stress

Nf
Avn := Nsp-|:dsp — Seprov — H:(F) - 0.5:|-dbh:|:|-twsp = 2.88-in2
r

Gross area resisting the shear stress Avg := Nsp-(dsp — Seprov)-twsp = 4.39~in2

Nominal block shear strength Ubs := 0.5

Rbs := [(0.6-Fu-Avn) + (Ubs-Fu-Ant)] = 239.77-kip
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y roreves
Rnbs := |Rbs if Rbs < [(0.6-Fy-Avg) + (Ubs-Fu-Ant)] = 234.34-kip

[(0.6-Fy-Avg) + (Ubs-Fu-Ant)] if Rbs > [(0.6-Fy-Avg) + (Ubs-Fu-Ant)]

Overstrength Factor

Allowable block shear strength

Demand to Capacity Ratio

Bearing Resistance Check, Eq. J3-6a

Nominal bearing strength at bolt holes

Overstrength Factor

Allowable bearing strength at bolt holes

Demand to Capacity Ratio

\%

Qbs =2
Rnb
Ribs = —— = 117.17-kip
Qbs
Checkbs := 5 if Rrbs > Vd
s

"Revise splice plate" if Rrbs < Vd

Checkbs = 0.37

Rnb := 2.4-(db)-twsp-Fu-Nf = 764.73-kip

(bh =2

Rnb
Rrb := —— =382.36-kip
Qbh

Checkbh = | —— if Rrb >V, =023
Rrb

"Revise splice plate or bolts" if Rrb <V,
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Subject Waler Section & Splice Connection Design Calculation

Tearout Resistance Check, Eq. J3-6¢

Ic for edge bolts

Ic for inner bolts

Inner bolts on each side of splice

For edge bolts, nominal tearout strength
at bolt holes

For inner bolts. nominal tearout strength
at bolt holes

Total nominal tearout strength at bolt holes

Overstrength factor

Allowable tearout strength at bolt
holes

Demand to Capacity Ratio

v

Job Number__11215702 Sheet
Sheets By [.Goel Date _06/03/2022
Checked By—S-Chilka Date _06/03/2022

bh
Ico := Seprov — (de =1.31-in

Ici := Sprov — dbh = 2.63-in

Rnto := 1.2-twsp-Fu-Ico-(Nf — Ni) = 401.48-kip
Rnti := 1.2-twsp-Fu-lci-Ni = 0-kip

Rnt := Rnto + Rnti = 401.48-kip

Qbt :

I
\e}

Rnt .
Rrt := — =200.74-kip
Qbt

Checkth = |— if Rrt>V, - 043

Rrt

"Revise splice plate or bolts" if Rrt <V,
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J —

Slip Resistance Check, Eq. J3-4

For class A surfaces pi=10.3

Du:=1.13
Minimum bolt pretension, Table J3.1 for Group Tb := 81kip
A,A325 bolts

hf =1
Nominal slip resistance of bolts Rsr ;= Nf-Ns-p-Du-Tb-hf = 164.75-kip
Overstrength Factor Qsr:= 1.5

. . Rsr .
Allowable slip resistance of bolts Rrslr := — = 109.84-kip
Qsr
Demand to Capacity Ratio
\%
Checkslr := if Rrslr 2V, =0.79
Rrslr

"Revise bolts size" if Rrslr < \A

Design Summary

Provide rectangular splice plate of 24"X8",0.75" thickness. On each side of web splice bolted
plate connection, provide 6 - 1.25" dia HDG Group A - A325 bolts.
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J —

Analysis Demand Load on Waler - Sec C4

Tie Rod Tension Demand Load from Analysis T = 122.98kip

roda -

Te Rod Spacding S = 8ft

roda -

The tie rod spacing assumed in analysis results in large demand loads and section size for waler. To
optimize section selection, tie rods will be closely spaced. Closely spaced tie rods will result in lower
demand loads.

Revised Tie Rod Spacing Sod = Stt
Srod
Revised Tie Rod Tension Demand Trod = Troda = = 76.86-kip
roda
Trod kip
Demand Load on waler Wy = =1537—
Siod ft

Demand Load on Waler to safeguard against progressive failure

In certain situations, progressive collapse of the structure may be a conseequence of an extreme
condition ie. failure of a tie rod. The wailing to the main wall will need to be checked to ensure that it
will not collapse if the span between tie rods doubles following the loss of a tie rod.

SAP2000 analysis is used to calculate the bending moment and shear force demand on the waler for
both the cases. Case 1 - without failure of a tie rod and, Case 2 - with failure of a tie rod.

For Case 1 - Continuous beam with four equal spans of length Srod is anaylzed
For Case 2 - Continuous beam with three spans of length Srod - 2Srod - Srod is analyzed

Waler Design is governed by the demands from Case 2
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Bending Moment Diagram - Case 1

0.05

Pomt Of Zero moment
|~..
?
Ty
c
w w/l

Bending Moment demand from SAP2000 - Mdsap = 37.93Kip-ft

Shear Force Diagram - Case 1

\
46.01
30.8

!
82

-400

Shear Force demand from SAP2000 - Vdsap = 46.01Kip
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Bending Moment Diagram - Case 2

Point of zero moment

/

79.38

Bending Moment demand from SAP2000 -

Shear Force Diagram - Case 2

Mdsap = 105.1Kip-ft

75 .85

Shear Force demand from SAP2000 - Vdsap = 76.9Kip

&
\
5944
|
\
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Client IPC & MIMC Job Number_ 11215702
Project San Jacinto River Waste Pits Site Sheets By [.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka
Waler Cross-Section
— Back to back
channel waling
/ Bearing plate
C1
i = 1
Waler Section
c2
Tie rod
A
Waker s made oftwo channelsectons C1 and C2
Design of corroded waler section, AISC 360-16
Bending moment demand on waler from Mdsap := 105.1kip-ft

SAP2000

Shear force demand on waler from SAP2000 Vs ap = 76.9-kip

Mdsap

Bending moment demand on C1 or C2 Md = = 52.55-kip-ft

Vdsap
Shear force demand on C1 or C2 Vd:= —— =38.45-kip

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number 11215702

Sheet

Project San Jacinto River Waste Pits Site Sheets By l.Goel

Date 06/03/2022

Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka

Date _ 06/03/2022

Steel yield stress Fy := 36ksi
Steel tensile stress Fu := 58ksi
Modulus of Elasticity of steel E := 29000ksi
Sacrificial thickness - for accounting corrosion tc:= 0.0175in

Channel Section Dimensional Parameters (MC12X35)

Depth d := 12in
Web thickness tw := 0.4375in
Flange thickness tf := 0.6875in
Flange width bf := 3.75in
Distance k:= 1.3125in

Corroded Channel Section Dimensional Parameters (MC12X35)

Web thickness twe := tw — 2tc = 0.4-in

Flange thickness tfc .= tf — 2tc = 0.65-in

Refer Basis of Design
report
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Client IPC & MIMC Job Number_ 11215702

Project San Jacinto River Waste Pits Site Sheets By [.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J

Sectional Properties of Corroded Section

Plastic modulus about x axis

2 2
Zx = [(bf)-%} - {[(bf) - (twc)].w} = 3928 in’

Elastic modulus about x axis

3 3
[(bf)-—(d) } - {[(bf) - (twc)].wﬂ
12 12 .
Sx = =33.12-in

(d)-0.5

Torsion constant

J = |:|:2'(bf)'(tfc)3j| + I:[(d) - (th)]-(twc)3:|:|

w 3

= 0.94~in4

Moment of Inertia about external edge
of web parallel to y axis

3
Iyo = {[(d) - [2~(tfc)]]-@} + [(bff(t&)-ﬂ = 23.17-in*

Cross sectional area

Ac = [2:(bf)-(tfc)] + [[(d) — [2-(tfc)]]-(twe)] = 9.2~in2

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Distance of centroid from external edge

of web

(‘[Wc)2 2

[(d) - [2-(tf0)]]-T + [(bf ) -(th)]
XC = =1.09-in
Ac
. . . 2 . 4

Moment of inertia about y axis Iy := Iyo — (Ac~xc ) =12.21-in
Distance between flange centroids ho := (d) — (tfc) = 11.35-in

Warping torsionalconstant

oy Lt o0 1@ - 012 3.0 0800 + 12-owe) 1) ~ )
12:[6-(6F)-(tf0)] + [(1we)-[(d) - (1]

Cw = 316.03-in6

radius of gyration about y axis ry:= /I—y =1.15-in
Ac

Overstrength factor for flexure Qf .= 1.67

Overstrength factor for shear Qv = 1.67

Classification of sections for local buckling - Section B4.1

Classification of flanges in flexure - Table B4.1b (case 10)

Width - to - Thickness Ratio for flange ag = % =575
tic
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Limiting width to thickness ratio for compact \ . 038 E 10.79
flange section about major/minor axis cf -~ ) y -
Limiting width to thickness ratio for non 1 E 2838
compact flange section about major/minor axis nf -~ y e

Classification of web in flexure - Table B4.1b (case 15)

_ (d) —[2-(k - 2t)]

Width - to - Thickness Ratio for web By - =23.47

twce

Limiting width to thickness ratio for compact web New = 3.76- ’£ =106.72
section about major/minor axis Fy

Limiting width to thickness ratio for non compact Ny = 5.7 /E =161.78
web section about major/minor axis Fy

cnge := | "Compact flange" if ap < X ¢ = "Compact flange"
"Non compact flange" if X.p <ap < XN ¢

"Slender flange" otherwise

cn

wf = | "Compact web" if ay, < X, = "Compact web"

" n :
Non compact web" if’ Aoy, S ay, < XNy

"Slender flange web" otherwise

Allowable Stress Shear Design - Chapter G

Web area Aw = (d)-(twe) = 4.83'in2

Web plate buckling coefficient Kv = 534
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

1
2
E
r==11] Kv-— =72.15
Fy

_ (d) —[2-(tfo)]

rl: =26.57
twe
Web shear coefficient, Eq G2-3 Cvl= 1 if r2rl
and Eq G2-4 RPN
rl
Cvl =1
Nominal shear strength, Eq G2-1 Vn := 0.6-Cvl-Aw-Fy = 104.33-kip
Vn .
Allowable shear strength ve = — = 62.47-kip
Qv
Checkvc := vd if vc > Vd
Check for shear strength eekve = Ve thves

"Revise waler section" if vec < Vd

Checkve = 0.62

Allowable Stress Flexure design about major axis - Chapter F

Yielding - SectionF2.1

Nominal flexural strength for yielding, Eq F2-1 Mnyld := Fy-Zx = 117.83-kip-ft
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Lateral Torsional Buckling - Section F2.2

Unbraced length Lb:

Srod2 = 120-in

1.76-ry- £ =57.55-in
\J Fy
h I
Eq F2-8b of = [ =] 2L =112
2 Cw

=
o
Il

Limiting unbraced length for yielding Eq F2-5

EqF2-7 s [VYEW i
Sx
Eq F2-6

2 2
e (1) [ ) erefor2)
ALY e L = —245.54-in

Lr:= 1.95-rts-

From SAP2000 analysis, for calculation of Cb (Lp<Lb<=Lr)

Moment at quarter point of unbraced segment Ma := 33.3kip-ft
Moment at center line of unbraced segment Mb := 79.4kip-ft
Moment at three quarter point of unbraced Mc := 33.3kip-ft
segment

Maximum moment in unbraced segment Mabs := 105.1kip-ft
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By l.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Plastic moment capacity Mp := Mnyld
Lateral torsional buckling modification factor, Eq F1-1
Mabs
Cb:= 12.5- =1.68
[(2.5-Mabs) + (3-Ma) + (4-Mb) + (3-Mc)]
Nominal flexural strength for lateral Mnltb := Cb~[Mp - (Mp - 0.7-Fy- Sx)-w}
torsional buckling - Eq F2-2 (Lr—Lp)
Mnltb = 171.42-kip-ft
Nominal fiexural strength Mn := min(Mnyld, Mnltb) = 117.83-kip-ft
Mn .
Design flexure strength M=o~ 70.56-kip-ft
Md .
Check for flexural strength Checkme := “me. if me = Md
"Revise waler section" if mc < Md
Checkmce = 0.74
Deflection Check

Limiting Deflection Lig= % =0.33-in
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y oleves
Maximum deflection from SAP2000 analysis Lhg = 0.19in
L
Demand to Capacity Ratio Checky = if Lig2Lyg

"Revise unbraced length" if Ljg <L, 4

Checkd =0.57

Bolted Splice Plate Connection Design for Waler, Allowable Stress Design -
AISC 360-16

i %
> 15 [

From SAP2000 analysis, point of zero moment in typical span for case 1is ~1.2" and for case 2 is ~1.7' from
tie rod anchorage. Point of splice connection for design is 1.5' from tie rod anchorage.

Resultant Web Force at Point of Splice Connection

Bending moment demand at point of splice, from Msd := 12.9kip-ft
SAP2000 analysis
. . . Msd-4 .
Horizontal force in web due to moment at point H = = 65.56-kip
w
of splice [d - [2-(k = 2to)]]
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Client IPC & MIMC Job Number_ 11215702

Project San Jacinto River Waste Pits Site Sheets By [.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J

Resultant web force at point of splice connection V, = / de + sz = 76-kip

-l—|4|t—-|

|
=

. i )
Web Moment = ﬁ E
7072

AR

a Web Mament
W D-‘I‘i

Factored shear resistance of bolts in shear

No of shear planes Ns:=1
Section J3, Table J3.2

o
Using HDG Group A, A325 bolts l

Nominal shear stress when threads are not Fnv := 54ksi
excluded from shear planes

Taking 1.25" nominal diameter bolt

Bolt nominal diameter db := 1.25in

Nominal unthreaded body area of bolt Ab = 3.14~(db)2~0.25 = 1.23~in2

Sheet
Date 06/03/2022
Date _ 06/03/2022

Balt in shear
W) and

l_é:..--"'"'"'_._ tension (T)
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Client IPC & MIMC Job Number 11215702

Project San Jacinto River Waste Pits Site Sheets By l.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka

Nominal shear strength of bolt Rn := Fnv-Ab-Ns = 66.23-kip
Overstrength factor Qb =2

Rn .
Allowable shear strength of bolt = — =33.12-kip

b

VI‘
No of bolts required on each side of the web Nb:= — =229
splice Rr
No of bolts provided on each side of the web Nf := 6
splice
No of bolt columns in connection pattern along Nr := 3

the length of splice plate

Bolt Connection Pattern

12 |

T T
on on

@ﬂT Oy O T@ﬂ
ol g

O oo O

SPLICE LINE

1

Table J3.3, for 1.25" bolt dia, standard hole dia is 1.375"

Hole diameter dbh := 1.375in

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number_ 11215702
Project San Jacinto River Waste Pits Site Sheets By l.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J
- . 8-(db) .

Minimum center to center spacing allowed b/w Smin ;== ——= =3.33-in

holes, Sec J3.3

Minimum clear spacing allowed b/w Scmin := db = 1.25-in

holes, Sec J3.3

Table J3.4, minimum edge distance allowed Semin := 1.625in

for 1.25" bolt dia

Providing a splice plate of 24"X8", 0.75" thickness for the connection

No of splice plates in the connection Nsp := 1

Eq. J4-3 and J4-4, strength of elements in shear

Depth of splice plate dsp := 8in

Thickness of splice plate Twsp := 0.75in

Reduced thickness of splice plate - for twsp := Twsp — tc = 0.73-in

accounting corrosion

Gross area subject to shear Agv = dsp-twsp = 5.86-in2

Nominal shear yielding strength Rnsy := 0.6-Fy-Agv-Nsp = 126.58-kip

Overstrength factor Qspsy := 1.5

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Waler Section & Splice Connection Design Calculation

Subject

Allowable shear yielding strength

Demand to Capacity Ratio

Net area subject to shear

Nominal shear rupture strength

Overstrength factor

Allowable shear rupture strength

Demand to Capacity ratio

Job Number 11215702 Sheet
Sheets By |.Goel Date _06/03/2022
Checked By—S:Chilka Date _06/03/2022
Rrsy = ~0Y _ g4 38.kip
Qspsy
Checksy := if Rrsy > Vd

"Revise splice plate" if Rrsy < Vd

Checksy = 0.46

dbh
Anv := [dsp - (Nf'—)}twsp = 3.85-in2

Nr

Rnsr := 0.6-Fu-Anv-Nsp = 133.83-kip

Qspsr = 2

Rnsr .
Rrsr:= = 66.91-kip
Qspsr

Checksr = V—d if Rrsr>Vd
Rrsr

"Revise splice plate" if Rrsr < Vd

Checksr = 0.57
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Client IPC & MIMC Job Number__11215702 Sheet

Project San Jacinto River Waste Pits Site Sheets By I.Goel Date

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date
J

Maximum spacing and edge distance - Section J3-5

Maximum edge distance

Semax := | 12-min(tw, Twsp) if 12-min(tw,Twsp) < 6in = 5.25-in

6in if 12-min(tw, Twsp) > 6in

Maximum center to center longitudinal spacing
allowed b/w holes

Smax := |24-min(tw, Twsp) if 24-min(tw,Twsp) < 12in = 10.5-in
12in if 24-min(tw, Twsp) > 12in
Distance of bolt from splice plate edge Seprov := 2in

Distance of bolt from channel section flange
inner edge

Sepprov := Seprov + [(d — dsp)-0.5 — k] =2.69-in

Spacing provided between bolts Sprov := 4in

Check for bolt edge distance provided

Secheck := | "Okay" if Semin < max(Sepprov, Seprov) < Semax = "Okay"

"Not Okay" otherwise

Check for spacing provided between bolts

Scheck := |"Okay" if (max(Smin,Scmin + dbh) < Sprov < Smax) = "Okay"

"Not Okay" otherwise

_06/03/2022
06/03/2022
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Client IPC & MIMC Job Number__ 11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By |.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _ooleres
Block Shear Rupture Check, Eq. J4-5
Fallure by teardng out of shaded portlon
Cope Shear .
Beam area & :
,\—"* Shear 1 Va Tensie
area ~ area Multiple-Row Beam-
M Tensile End Connectlons
area l Po ih) Cases for which Uy, = 0.5

Fig. C-F.1. Failure surface for Block shear rupiure Timit state,

No of bolts in the outermost edge of the
connection pattern which is in tension

Nbr := 3
NetArea resisting the tensile stress

Ant := Nsp-[Seprov + (Nbr — 1)Sprov — [dbh-(Nbr — 0.5)]]-twsp = 4.81~in2

NetArea resisting the shear stress

Nf
Avn := Nsp-|:dsp — Seprov — H:(F) - 0.5i|-dbth-twsp = 2.88-in2
r

Gross area resisting the shear stress Avg = Nsp-(dsp — Seprov)-twsp = 4.39-in2

Nominal block shear strength Ubs := 0.5

Rbs := [(0.6-Fu-Avn) + (Ubs-Fu-Ant)] = 239.77-kip

Rnbs := |Rbs if Rbs < [(0.6-Fy-Avg) + (Ubs-Fu-Ant)] = 234.34-kip
[(0.6-Fy-Avg) + (Ubs-Fu-Ant)] if Rbs > [(0.6-Fy-Avg) + (Ubs-Fu-Ant)]
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By |.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022

Overstrength Factor Qbs := 2

Allowable block shear strength Rrbs := P L 117.17-kip

S
Demand to Capacity Ratio Checkbs := 5 if Rrbs > Vd
Rrbs

"Revise splice plate" if Rrbs < Vd

Checkbs = 0.33

Bearing Resistance Check, Eq. J3-6a

Nominal bearing strength at bolt holes Rnb := 2.4-(db)-twsp-Fu-Nf = 764.73-kip
Overstrength Factor Qbh =2
. Rnb .

Allowable bearing strength at bolt holes Rrb := m = 382.36-kip
Demand to Capacity Ratio

VI‘

Checkbh := | — if Rrb >V, =02
Rrb

"Revise splice plate or bolts" if Rrb <V,

Tearout Resistance Check, Eq. J3-6¢

h
Ic for edge bolts Ico := Seprov — (%j =1.31-in
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Subject

Waler Section & Splice Connection Design Calculation

Ic for inner bolts

Inner bolts on each side of splice

For edge bolts, nominal tearout strength
at bolt holes

For inner bolts. nominal tearout strength
at bolt holes

Total nominal tearout strength at bolt holes

Job Number__11215702 Sheet
Sheets By [.Goel Date _06/03/2022
Checked By—S-Chilka Date _06/03/2022

Ici := Sprov — dbh = 2.63-in

Rnto := 1.2-twsp-Fu-Ico-(Nf — Ni) = 401.48-kip

Rati := 1.2-twsp-Fu-lci-Ni = 0-kip

Rnt := Rnto + Rati = 401.48-kip

Overstrength factor Qbt:= 2
Rnt .
Allowable tearout strength at bolt Rrt := —— =200.74-kip
holes (bt
Demand to Capacity Ratio
VI‘
Checkth := P if Rt >V, =0.38

"Revise splice plate or bolts" if Rrt <V,

Slip Resistance Check, Eq. J3-4

For class A surfaces

Minimum bolt pretension, Table J3.1 for Group

A, A325 bolts

pi=0.3
Du:=1.13
Tb := 81kip
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By l.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _DPiPoleves
hf :=1

Nominal slip resistance of bolts Rsr := Nf-Ns-p-Du-Tb-hf = 164.75-kip

Overstrength Factor Qsr:= 1.5

Allowable slip resistance of bolts Rrslr := ? = 109.84-kip

ST
Demand to Capacity Ratio
V
Checkslr := if Rrslr >V, =0.69
Rrslr

"Revise bolts size" if Rrslr < Vr

Design Summary

Provide rectangular splice plate of 24"X8",0.75" thickness. On each side of web splice bolted
plate connection, provide 6 - 1.25" dia HDG Group A - A325 bolts.
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Analysis Demand Load on Waler - Sec C7

Tie Rod Tension Demand Load from Analysis

Troda |

= 65.6kip

Reduced to 52 kips
July 2024
This calculation is still

okay.

Te Rod Spacding S

= 5ft

roda -

The tie rod spacing assumed in analysis results in large demand loads and section size for waler. To
optimize section selection, tie rods will be closely spaced. Closely spaced tie rods will result in lower
demand loads.

Revised Tie Rod Spacing Sod = Stt
. . Srod
Revised Tie Rod Tension Demand Trod = Troda = = 65-6-kip
roda
Trod kip
Demand Load on waler Wy = =13.12.—
Siod ft

Demand Load on Waler to safeguard against progressive failure

In certain situations, progressive collapse of the structure may be a conseequence of an extreme
condition ie. failure of a tie rod. The wailing to the main wall will need to be checked to ensure that it
will not collapse if the span between tie rods doubles following the loss of a tie rod.

SAP2000 analysis is used to calculate the bending moment and shear force demand on the waler for
both the cases. Case 1 - without failure of a tie rod and, Case 2 - with failure of a tie rod.

For Case 1 - Continuous beam with four equal spans of length Srod is anaylzed
For Case 2 - Continuous beam with three spans of length Srod - 2Srod - Srod is analyzed

Waler Design is governed by the demands from Case 2
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Client___IPC & MIMC Job Number_11215702 Sheet
Project ___San Jacinto River Waste Pits Site Sheets By ___|.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  ~hecked By__S-Chilka Date 06/03/2022

Bending Moment Diagram - Case 1
Point of zero moment

I‘ ~ g \ "
T 0
v ~1.2'

Bending Moment demand from SAP2000 - Mdsap = 32.4Kip-ft

Shear Force Diagram - Case 1

=3

Shear Force demand from SAP2000 - Vdsap = 39.3Kip
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Client____IPC & MIMC Job Number_11215702 Sheet
Project ___San Jacinto River Waste Pits Site Sheets By [.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By__S.Chilka Date _06/03/2022

Bending Moment Diagram - Case 2

Point of zero moment

S

Bending Moment demand from SAP2000 - Mdsap = 89.7Kip-ft

Shear Force Diagram - Case 2

[4a]

0 g R
o I—-""F-

Shear Force demand from SAP2000 - Vdsap = 65.6Kip
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Client IPC & MIMC Job Number 11215702 Sheet
|.Goel Date 06/03/2022

Date _ 06/03/2022

San Jacinto River Waste Pits Site Sheets By

Project
Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J

Subject

Waler Cross-Section

Back to back
channel waling

Bearing plate
C1

Waler Section

c2

Tie rod

1

Waler s made oftwo channelsectons C1 and C2

Design of corroded waler section, AISC 360-16

Bending moment demand on waler from M dsap = 90kip-ft
SAP2000
Shear force demand on waler from SAP2000 \Y% dsap = 66-kip
. Mdsap .
Bending moment demand on C1 or C2 Md = —— =45kip-ft
S Vdsap .
hear force demand on C1 or C2 Vd := = 33.kip
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Client IPC & MIMC Job Number 11215702

Sheet

Project San Jacinto River Waste Pits Site Sheets By l.Goel

Date 06/03/2022

Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka

Date _ 06/03/2022

Steel yield stress Fy := 36ksi
Steel tensile stress Fu := 58ksi
Modulus of Elasticity of steel E := 29000ksi
Sacrificial thickness - for accounting corrosion tc:= 0.0175in

Channel Section Dimensional Parameters (MC12X35)

Depth d := 12in
Web thickness tw := 0.4375in
Flange thickness tf := 0.6875in
Flange width bf := 3.75in
Distance k:= 1.3125in

Corroded Channel Section Dimensional Parameters (MC12X35)

Web thickness twe := tw — 2tc = 0.4-in

Flange thickness tfc .= tf — 2tc = 0.65-in

Refer Basis of Design
report
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Client IPC & MIMC Job Number_ 11215702

Project San Jacinto River Waste Pits Site Sheets By [.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J

Sectional Properties of Corroded Section

Plastic modulus about x axis

2 2
Zx = [(bf)-%} - {[(bf) - (twc)].w} = 3928 in’

Elastic modulus about x axis

3 3
[(bf)-—(d) } - {[(bf) - (twc)].wﬂ
12 12 .
Sx = =33.12-in

(d)-0.5

Torsion constant

J = |:|:2'(bf)'(tfc)3j| + I:[(d) - (th)]-(twc)3:|:|

w 3

= 0.94~in4

Moment of Inertia about external edge
of web parallel to y axis

3
Iyo = {[(d) - [2~(tfc)]]-@} + [(bff(t&)-ﬂ = 23.17-in*

Cross sectional area

Ac = [2:(bf)-(tfc)] + [[(d) — [2-(tfc)]]-(twe)] = 9.2~in2

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Distance of centroid from external edge

of web

(‘[Wc)2 2

[(d) - [2-(tf0)]]-T + [(bf ) -(th)]
XC = =1.09-in
Ac
. . . 2 . 4

Moment of inertia about y axis Iy := Iyo — (Ac~xc ) =12.21-in
Distance between flange centroids ho := (d) — (tfc) = 11.35-in

Warping torsionalconstant

oy Lt o0 1@ - 012 3.0 0800 + 12-owe) 1) ~ )
12:[6-(6F)-(tf0)] + [(1we)-[(d) - (1]

Cw = 316.03-in6

radius of gyration about y axis ry:= /I—y =1.15-in
Ac

Overstrength factor for flexure Qf .= 1.67

Overstrength factor for shear Qv = 1.67

Classification of sections for local buckling - Section B4.1

Classification of flanges in flexure - Table B4.1b (case 10)

Width - to - Thickness Ratio for flange ag = % =575
tic
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Limiting width to thickness ratio for compact \ . 038 E 10.79
flange section about major/minor axis cf -~ ) y -
Limiting width to thickness ratio for non 1 E 2838
compact flange section about major/minor axis nf -~ y e

Classification of web in flexure - Table B4.1b (case 15)

_ (d) —[2-(k - 2t)]

Width - to - Thickness Ratio for web By - =23.47

twce

Limiting width to thickness ratio for compact web New = 3.76- ’£ =106.72
section about major/minor axis Fy

Limiting width to thickness ratio for non compact Ny = 5.7 /E =161.78
web section about major/minor axis Fy

cnge := | "Compact flange" if ap < X ¢ = "Compact flange"
"Non compact flange" if X.p <ap < XN ¢

"Slender flange" otherwise

cn

wf = | "Compact web" if ay, < X, = "Compact web"

" n :
Non compact web" if’ Aoy, S ay, < XNy

"Slender flange web" otherwise

Allowable Stress Shear Design - Chapter G

Web area Aw = (d)-(twe) = 4.83'in2

Web plate buckling coefficient Kv = 534
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

1
2
E
r==11] Kv-— =72.15
Fy

_ (d) —[2-(tfo)]

rl: =26.57
twe
Web shear coefficient, Eq G2-3 Cvl= 1 if r2rl
and Eq G2-4 RPN
rl
Cvl =1
Nominal shear strength, Eq G2-1 Vn := 0.6-Cvl-Aw-Fy = 104.33-kip
Vn .
Allowable shear strength ve = — = 62.47-kip
Qv
Checkvc := vd if vc > Vd
Check for shear strength eekve = Ve thves

"Revise waler section" if vec < Vd

Checkve = 0.53

Allowable Stress Flexure design about major axis - Chapter F

Yielding - SectionF2.1

Nominal flexural strength for yielding, Eq F2-1 Mnyld := Fy-Zx = 117.83-kip-ft
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By l.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date
J
Lateral Torsional Buckling - Section F2.2
Unbraced length Lb:= Srod2 = 120-in
Lp:=1.76 3—5755'
Limiting unbraced length for yielding Eq F2-5 p-= 170y Fy n
Eq F2-8b e [D0) [y
2 Cw
EqF2-7 s [VYEW i
Sx
Eq F2-6
2 2
f f F
e (1) [ ) erefor2)
Lr:= 1.95rts- X0 L = =245.54-in

From SAP2000 analysis, for calculation of Cb (Lp<Lb<=Lr)

Moment at quarter point of unbraced segment Ma := 28.4kip-ft
Moment at center line of unbraced segment Mb := 67.7kip-ft
Moment at three quarter point of unbraced Mc := 28.4kip-ft
segment

Maximum moment in unbraced segment Mabs := 89.7kip-ft

Date 06/03/2022
06/03/2022
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By l.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022
Plastic moment capacity Mp := Mnyld
Lateral torsional buckling modification factor, Eq F1-1
Mabs
Cb:= 12.5- =1.68
[(2.5-Mabs) + (3-Ma) + (4-Mb) + (3-Mc)]
Nominal flexural strength for lateral Mnltb := Cb~[Mp - (Mp - 0.7-Fy- Sx)-w}
torsional buckling - Eq F2-2 (Lr—Lp)
Mnltb = 171.52-kip-ft
Nominal fiexural strength Mn := min(Mnyld, Mnltb) = 117.83-kip-ft
Mn .
Design flexure strength M=o~ 70.56-kip-ft
Md .
Check for flexural strength Checkme := “me. if me = Md
"Revise waler section" if mc < Md
Checkmce = 0.64
Deflection Check

Limiting Deflection Lig= % =0.33-in
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y oleves
Maximum deflection from SAP2000 analysis Lhg = 0.18in
L
Demand to Capacity Ratio Checky = if Lig2Lyg

"Revise unbraced length" if Ljg <L, 4

Checkd =0.54

Bolted Splice Plate Connection Design for Waler, Allowable Stress Design -
AISC 360-16

i %
> 15 [

From SAP2000 analysis, point of zero moment in typical span for case 1is ~1.2" and for case 2 is ~1.7' from
tie rod anchorage. Point of splice connection for design is 1.5' from tie rod anchorage.

Resultant Web Force at Point of Splice Connection

Bending moment demand at point of splice, from Msd := 11kip-ft
SAP2000 analysis
. . . Msd-4 .
Horizontal force in web due to moment at point H = = 55.9-kip
w
of splice [d - [2-(k - 2tc)]]
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Client IPC & MIMC Job Number__11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By I.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022

J —

Resultant web force at point of splice connection V, = / de + sz = 64.92-kip

-l—|4|t—-|

|
=

. i )
Web Moment = ﬁ E
7072

AR

a Web Mament
W D-‘I‘i

Factored shear resistance of bolts in shear

Balt in shear
W) and

l_é:..--"'"'"'_._ tension (T)

No of shear planes Ns:=1
Section J3, Table J3.2

o
Using HDG Group A, A325 bolts l

Nominal shear stress when threads are not Fnv := 54ksi
excluded from shear planes

Taking 1.25" nominal diameter bolt

Bolt nominal diameter db := 1.25in

Nominal unthreaded body area of bolt Ab = 3.14~(db)2~0.25 = 1.23~in2
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Client IPC & MIMC Job Number 11215702

Project San Jacinto River Waste Pits Site Sheets By l.Goel

Subject Waler Section & Splice Connection Design Calculation  checked By. S.Chilka

Nominal shear strength of bolt Rn := Fnv-Ab-Ns = 66.23-kip
Overstrength factor Qb =2

Rn .
Allowable shear strength of bolt = — =33.12-kip

b

VI'
No of bolts required on each side of the web Nb:= — =1.96
splice Rr
No of bolts provided on each side of the web Nf := 6
splice
No of bolt columns in connection pattern along Nr := 3

the length of splice plate

Bolt Connection Pattern

12 |

T T
on on

@ﬂT Oy O T@ﬂ
ol g

O oo O

SPLICE LINE

1

Table J3.3, for 1.25" bolt dia, standard hole dia is 1.375"

Hole diameter dbh := 1.375in

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC Job Number_ 11215702
Project San Jacinto River Waste Pits Site Sheets By l.Goel
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka
J
- . 8-(db) .

Minimum center to center spacing allowed b/w Smin ;== ——= =3.33-in

holes, Sec J3.3

Minimum clear spacing allowed b/w Scmin := db = 1.25-in

holes, Sec J3.3

Table J3.4, minimum edge distance allowed Semin := 1.625in

for 1.25" bolt dia

Providing a splice plate of 24"X8", 0.75" thickness for the connection

No of splice plates in the connection Nsp := 1

Eq. J4-3 and J4-4, strength of elements in shear

Depth of splice plate dsp := 8in

Thickness of splice plate Twsp := 0.75in

Reduced thickness of splice plate - for twsp := Twsp — tc = 0.73-in

accounting corrosion

Gross area subject to shear Agv = dsp-twsp = 5.86-in2

Nominal shear yielding strength Rnsy := 0.6-Fy-Agv-Nsp = 126.58-kip

Overstrength factor Qspsy := 1.5

Sheet

Date 06/03/2022

Date

06/03/2022
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Waler Section & Splice Connection Design Calculation

Subject

Allowable shear yielding strength

Demand to Capacity Ratio

Net area subject to shear

Nominal shear rupture strength

Overstrength factor

Allowable shear rupture strength

Demand to Capacity ratio

Job Number 11215702 Sheet
Sheets By |.Goel Date _06/03/2022
Checked By—S:Chilka Date _06/03/2022
Rrsy = ~0Y _ g4 38.kip
Qspsy
Checksy := if Rrsy > Vd

"Revise splice plate" if Rrsy < Vd

Checksy = 0.39

dbh
Anv := [dsp - (Nf'—)}twsp = 3.85-in2

Nr

Rnsr := 0.6-Fu-Anv-Nsp = 133.83-kip

Qspsr = 2

Rnsr .
Rrsr:= = 66.91-kip
Qspsr

Checksr = V—d if Rrsr>Vd
Rrsr

"Revise splice plate" if Rrsr < Vd

Checksr = 0.49
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Client IPC & MIMC Job Number__11215702 Sheet

Project San Jacinto River Waste Pits Site Sheets By I.Goel Date

Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date
J

Maximum spacing and edge distance - Section J3-5

Maximum edge distance

Semax := | 12-min(tw, Twsp) if 12-min(tw,Twsp) < 6in = 5.25-in

6in if 12-min(tw, Twsp) > 6in

Maximum center to center longitudinal spacing
allowed b/w holes

Smax := |24-min(tw, Twsp) if 24-min(tw,Twsp) < 12in = 10.5-in
12in if 24-min(tw, Twsp) > 12in
Distance of bolt from splice plate edge Seprov := 2in

Distance of bolt from channel section flange
inner edge

Sepprov := Seprov + [(d — dsp)-0.5 — k] =2.69-in

Spacing provided between bolts Sprov := 4in

Check for bolt edge distance provided

Secheck := | "Okay" if Semin < max(Sepprov, Seprov) < Semax = "Okay"

"Not Okay" otherwise

Check for spacing provided between bolts

Scheck := |"Okay" if (max(Smin,Scmin + dbh) < Sprov < Smax) = "Okay"

"Not Okay" otherwise

_06/03/2022
06/03/2022
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Client IPC & MIMC Job Number__ 11215702 Sheet
Project San Jacinto River Waste Pits Site Sheets By |.Goel Date 06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _ooleres
Block Shear Rupture Check, Eq. J4-5
Fallure by teardng out of shaded portlon
Cope Shear .
Beam area & :
,\—"* Shear 1 Va Tensie
area ~ area Multiple-Row Beam-
M Tensile End Connectlons
area l Po ih) Cases for which Uy, = 0.5

Fig. C-F.1. Failure surface for Block shear rupiure Timit state,

No of bolts in the outermost edge of the
connection pattern which is in tension

Nbr := 3
NetArea resisting the tensile stress

Ant := Nsp-[Seprov + (Nbr — 1)Sprov — [dbh-(Nbr — 0.5)]]-twsp = 4.81~in2

NetArea resisting the shear stress

Nf
Avn := Nsp-|:dsp — Seprov — H:(F) - 0.5i|-dbth-twsp = 2.88-in2
r

Gross area resisting the shear stress Avg = Nsp-(dsp — Seprov)-twsp = 4.39-in2

Nominal block shear strength Ubs := 0.5

Rbs := [(0.6-Fu-Avn) + (Ubs-Fu-Ant)] = 239.77-kip

Rnbs := |Rbs if Rbs < [(0.6-Fy-Avg) + (Ubs-Fu-Ant)] = 234.34-kip
[(0.6-Fy-Avg) + (Ubs-Fu-Ant)] if Rbs > [(0.6-Fy-Avg) + (Ubs-Fu-Ant)]
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By |.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By S.Chilka Date _06/03/2022

Overstrength Factor Qbs := 2

Allowable block shear strength Rrbs := P L 117.17-kip

S
Demand to Capacity Ratio Checkbs := 5 if Rrbs > Vd
Rrbs

"Revise splice plate" if Rrbs < Vd

Checkbs = 0.28

Bearing Resistance Check, Eq. J3-6a

Nominal bearing strength at bolt holes Rnb := 2.4-(db)-twsp-Fu-Nf = 764.73-kip
Overstrength Factor Qbh =2
. Rnb .

Allowable bearing strength at bolt holes Rrb := m = 382.36-kip
Demand to Capacity Ratio

VI‘

Checkbh := | — if Rrb >V, =0.17
Rrb

"Revise splice plate or bolts" if Rrb <V,

Tearout Resistance Check, Eq. J3-6¢

h
Ic for edge bolts Ico := Seprov — (%j =1.31-in
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Client IPC & MIMC

Project San Jacinto River Waste Pits Site

Subject

Waler Section & Splice Connection Design Calculation

Ic for inner bolts

Inner bolts on each side of splice

For edge bolts, nominal tearout strength
at bolt holes

For inner bolts. nominal tearout strength
at bolt holes

Total nominal tearout strength at bolt holes

Job Number__11215702 Sheet
Sheets By [.Goel Date _06/03/2022
Checked By—S-Chilka Date _06/03/2022

Ici := Sprov — dbh = 2.63-in

Rnto := 1.2-twsp-Fu-Ico-(Nf — Ni) = 401.48-kip

Rati := 1.2-twsp-Fu-lci-Ni = 0-kip

Rnt := Rnto + Rati = 401.48-kip

Overstrength factor Qbt:= 2
Rnt .
Allowable tearout strength at bolt Rrt := —— =200.74-kip
holes (bt
Demand to Capacity Ratio
VI‘
Checkth := P if Rrt>V, =0.32

"Revise splice plate or bolts" if Rrt <V,

Slip Resistance Check, Eq. J3-4

For class A surfaces

Minimum bolt pretension, Table J3.1 for Group

A, A325 bolts

pi=0.3
Du:=1.13
Tb := 81kip
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Client IPC & MIMC Job Number __11215702 Sheet __
Project ___San Jacinto River Waste Pits Site Sheets By l.Goel Date _06/03/2022
Subject Waler Section & Splice Connection Design Calculation  checked By___S-Chilka Date _ 06/03/2022
y _DPiPoleves
hf :=1

Nominal slip resistance of bolts Rsr := Nf-Ns-p-Du-Tb-hf = 164.75-kip

Overstrength Factor Qsr:= 1.5

Allowable slip resistance of bolts Rrslr := ? = 109.84-kip

ST
Demand to Capacity Ratio
V
Checkslr := if Rrslr >V, =0.59
Rrslr

"Revise bolts size" if Rrslr < Vr

Design Summary

Provide rectangular splice plate of 24"X8",0.75" thickness. On each side of web splice bolted
plate connection, provide 6 - 1.25" dia HDG Group A - A325 bolts.
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Client |PC and MIMC Job Number 11215702 Sheet
Project __San Jacinto River Waste Pits Site Sheets By __S.Chilka Date 07-11-2024
Subject BMP Design - Barge Impact Checked By. Date

APPENDIX | - BMP STRUCTURAL DESIGN REPORT

ATTACHMENT 3.2
SCOUR PROTECTION BMP EXTERIOR
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Technical Memorandum

July 8, 2024

Satish Chilka, PE | Contact No.

come | EE

\ Aaron Holloway, PE \ o T 11215702

MGG ETGCIl San Jacinto River Waste Pits Site

Subject BMP Scour Protection

GHD has prepared this memorandum to describe the countermeasures developed to mitigate potential scour
along the proposed cofferdam (BMP). The need for scour protection was established through numerical
modeling of various scenarios related to the Remedial Design (RD) and its effects on floodplain hydraulics
summarized in the Hydrodynamic Modeling Report (GHD, 2024) provided as Appendix F in the 100% RD —
Northern Impoundment. This study identified the potential for scour and/or sediment deposition along the
outside perimeter of the BMP. The modeling results indicate that concentration of overbank flow around the
BMP could generate shear stresses higher than the critical shear stress value (0.15 Pa) as shown in Figure 1,
resulting in potential for scour to develop around the northern perimeter of the BMP during storm events. The
shear stress values shown at the southwest corner are an artifact of the model bathymetry which doesn’t
capture the access road which will prevent conveyance of overbank flow through this area, reducing potential
for scour at this location.

2 year 95th percentile shear stress
with Cofferdam

Shear Stress (Pa)

I 0.0001 - 0.005
| 9 0.005 - 0.01
10.01-0.03
[10.03-0.07
0.07-0.1
[]01-0.3
10.3-0.7
mo.7-1
.27

Figure 1 95"% Shear Stresses “With Cofferdam” for the 2-year Storm
194333



Scour Protection — Riprap Scour Apron

Scour protection countermeasures were developed based on Federal Highway Administration (FHWA)
guidance provided in Hydraulic Engineering Circular No. 23 (HEC-23), Bridge Scour and Stream Instability
Countermeasures (Publication No. FHWA-NHI-09-111, September 2009). This document provides design
guidelines for use of rock riprap to mitigate scour at bridge abutments. Although the BMP is not a bridge
abutment, its influence on floodplain hydraulics is similar in that overbank flows are concentrated through a
narrower section of the river resulting in localized increase in shear stress.

Design Guideline 14 was applied to the design of the rock riprap scour protection concepts. The median stone
diameter for riprap scour protection is calculated based on depth, velocity and abutment geometry using the
Isbash equation. Velocities around the abutment were evaluated using the 2D hydrodynamic model and
compared against HEC-RAS, USGS gage data, and observations during Tropical Storm Imelda. These sources
indicate maximum peak velocities would be in the 3-5 ft/s range. To account for uncertainties related to
complex hydrodynamics and potential for localized flow accelerations along the BMP we applied a safety factor
to the predicted maximum velocity and designed the median rock size for a velocity of 6 ft/s.

Based on this approach, the riprap scour protection apron should consist of a median stone diameter of 10
inches and an overall layer thickness of 1.5 feet. An apron width of 25 feet was selected to provide sufficient
stability along the exterior perimeter of the BMP. A plan view illustrating the footprint of this scour apron is
shown on Figure 2 and a typical section is shown on Figure 3.

Riprap Scour _ﬁt

90% EPA REVIEW

Figure 2

194334

Plan View of Riprap Scour Apron

San Jacinto River Waste Pits — BMP Scour Protection
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BMP

(Cofferdam)
- 25 min .
Riprap Apron
1.5" Thick, Dgy = 107
/\/ Geotextile

Typical Section A-A

Figure 3 Typical Section of Riprap Scour Apron

Additional Considerations

We recommend use of a geotextile or engineered filter layer beneath the riprap layer to prevent the loss
(erosion) of finer material beneath the riprap scour apron. In-water placement of geotextile can be challenging
depending on depth and flow velocity during construction. Alternatives to geotextile may include an engineered
filter layer (i.e. coarse sand/gravel or quarry run material). In addition, the use of a gabion mattress product
which can be lined with geotextile prior to being filled with rock and lowered into place, could be an alternative
for placement of geotextile and rip rap.

|
San Jacinto River Waste Pits — BMP Scour Protection 3

194335



Z

Client |PC and MIMC Job Number 11215702 Sheet
Project __San Jacinto River Waste Pits Site Sheets By __S.Chilka Date 07-11-2024
Subject BMP Design - Barge Impact Checked By. Date

APPENDIX | - BMP STRUCTURAL DESIGN REPORT

ATTACHMENT 3.3
SCOUR PROTECTION BMP INTERIOR
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Client___IPC and MIMC Job Number 11215702 Sheet
Project _San Jacinto River Waste Pits Site Sheets By __S.Chilka Date 07-11-2024
Subject BMP Design - Barge Impact Checked By. Date

The plunging waters can scour the material at the base of the BMP. However, once the cofferdam fills with water, the energy of the
plunging waters is dissipated on contact with the water and reduces potential for scour. The water levels in the river do not rise
instantaneously so the initial flood stages cause the most risk for scour.

The following calculations considers the river flood stage at elevation +10.5 ft (i.e., 6 inches above the top of BMP exterior wall) to
estimate time to full the area within the cofferdam. The cofferdam will fill faster at a higher flood stage due to increased flow rate. Hence,
this is a conservative approach to select the river stage to size the riprap size.

Available Data from Scour Protection Design Memo - Interior, 07/11/24

BMP EXT WALL ELEV (ft) 10 10 10 10 10 10

RIVER STAGE ELEV (ft) 10.1 10.5 11 11.5 12 12.5
WEIR HEAD (ft) 0.1 0.5 1 1.5 2 2.5
Q (CFS PER LF) 0.1 1.1 3 5.5 8.5 11.9
Vo (FT/S) 0.9 2.1 3 3.7 4.2 4.7

CALCULATE - Time to fill Cofferdam with River Flood Stage at Elev +10.5 ft

RIVER STAGE EL +10.5

YEARO | YEAR1 | YEAR2 | YEAR3 | YEAR4 | YEARS5
BMP EXT WALL ELEV 10 10 10 10 10 10
BMP LF (No Water from South Edge)’ 2450 2450 2450 2450 2450 2450
BMP AREA (SF) 763500 763500 | 763500 763500 763500 763500
RIVER STAGE 10.5 10.5 10.5 10.5 10.5 10.5
WEIR HEAD 0.5 0.5 0.5 0.5 0.5 0.5
Q (CFS PERLF) 1.1 1.1 1.1 1.1 1.1 1.1
Vo (FT/S) 21 2.1 21 2.1 21 2.1
Q-TOTAL (CFS) 2695 2695 2695 2695 2695 2695
Q-TOTAL (CFM) 161700 161700 161700 161700 161700 161700
Q-TOTAL (CFH) 9702000 | 9702000 | 9702000 [ 9702000 | 9702000 | 9702000
FILL RATE (MIN /FT) 4.72 4.72 4.72 4.72 4.72 4.72
AVG MUDLINE ELEV (FT)? -5 -5 -5 -5 5 5
WATER FILLED TO ELEV (FT) 10 10 10 10 10 10
TOTAL WATER HEIGHT (FT) 15 15 15 15 15 15
STARTING VOL INTERIOR (CF) 11452500 | 11452500 | 11452500 | 11452500 | 11452500 | 11452500
ADD'L VOL EXCAVATED (CF)? 0 405000 | 1863000 | 3294000 | 4779000 | 6237000
TOTAL VOL INTERIOR (CF) 11452500 | 11857500 | 13315500 | 14746500 | 16231500 | 17689500
TIME TO FILL FULL INTERIOR (HR) 1.2 1.2 1.4 1.5 1.7 1.8
TIME TO FILL FULL INTERIOR (MINS) 7 73 82 91 100 109

1. Water from South Edge will shorten the duration to fill the cofferdam
2. Average mudline before beginning excavation. Mudline will change with excavation and more volume will need to fill each subsequent
year. This additional volume is included as "ADD'L VOL EXCAVATED"

3. Year 0 = Before beginning excavation. Then, it is assumed excavated areas are not filled with soil or other material in subsequent
season. NW corner will be filled with granular material after excavation. This will decrease volume to fill and shorten the duration to fill the
cofferdam

Detailed methodology and considerations for the riprap sizing for various water levels is provided on the next page
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Technical Memorandum

November 19, 2024

To Satish Chilka
Copy to Lee Lavergne

Madeline Howell; Seth Stevens Tel +1 415 296-2056

MGG A BT San Jacinto River Waste Pits Project No. 11215702

San Jacinto Northern Impoundment Scour Protection

1. Introduction

This memorandum outlines the scour protection design for the San Jacinto Northern Impoundment. The San
Jacinto Northern Impoundment includes a cofferdam surrounding waste pits within the San Jacinto River.
Analysis of water San Jacinto water levels from 1994 to 2024 have indicated that the water surface elevation in
San Jacinto River has exceeded the top elevation of the designed cofferdam (10 ft) on five occasions and has
risen to as high as 14 ft at the project site. Note that all these instances were outside of the planned excavation
season. The current analysis studied the potential scour that could occur on the interior of the cofferdam in the
event that water levels within San Jacinto River exceed the top of the cofferdam and presents mitigation
measures to protect the integrity of the cofferdam.

11 Purpose

The purpose of this technical memorandum is to describe the hydraulic analysis of plunging flow over the San
Jacinto Northern Impoundment cofferdam in the event that water surface elevations within the San Jacinto River
exceed the top of the cofferdam, as well as to provide recommendations on the interior scour protection design.

1.2 Limitations

This technical memorandum has been prepared by GHD for International Paper Company (IPC) and McGinnes
Industrial Maintenance Corporation (MIMC) and may only be used and relied on by IPC & MIMC for the purpose
agreed between GHD and IPC & MIMC as set out in section 1.1 of this memorandum.

GHD otherwise disclaims responsibility to any person other than IPC & MIMC arising in connection with this
memorandum. GHD also excludes implied warranties and conditions, to the extent legally permissible.

The services undertaken by GHD in connection with preparing this memorandum were limited to those
specifically detailed in the memorandum and are subject to the scope limitations set out in the memorandum.

The opinions, conclusions and any recommendations in this memorandum are based on conditions encountered
and information reviewed at the date of preparation of the memorandum. GHD has no responsibility or obligation
to update this memorandum to account for events or changes occurring subsequent to the date that the
memorandum was prepared.

—» The Power of Commitment

11215702 1
194338



The opinions, conclusions and any recommendations in this memorandum are based on assumptions made by
GHD described in this memorandum (refer section(s) 4 of this memorandum). GHD disclaims liability arising from
any of the assumptions being incorrect.

2. Hydraulic Analysis

The hydraulics of the flow overtopping the cofferdam were analyzed to inform the scour protection design and
are discussed in the following section.

2.1 Cofferdam Overflow

The flow over the cofferdam was calculated using the weir equation, with a weir coefficient of 3. The flow rate (Q,
per unit foot) and the flow velocity (Vo) over the dam was calculated for water surface elevations within the San
Jacinto River ranging from 10.1 ft to 14 ft. The results are summarized in Table 1.

Table 1: Cofferdam overflow rate and velocity.

River Weir Head  Q (cfs per

WSE (ft) (ft) LF of dam) Ve (tS)

10.1 0.1 0.1 0.9

10.5 0.5 1.1 2.1

11.0 1.0 3.0 3.0

11.5 1.5 5.5 37

158 gg 1;'2 g; anticipated to fill in
135 35 196 56 first two hours before
14.0 40 24.0 6.0 river rises to these

elevations

2.2 Hydraulics at Toe of Cofferdam

The hydraulics at the toe of the cofferdam were estimated by applying conservation of energy across the drop
over the cofferdam, represented by Equation 1.

Equation 1
VOZ V12
Zo + Yo +g= Z1+ N +E_hL

Where:

e 7z, = elevation of the cofferdam, 10 ft

e 1y, = water depth over the cofferdam, equal to weir head in Table 1
e 1, = flow velocity over the dam, summarized in Table 1
e g = gravitational acceleration, 32.17 ft?/s

e 7z, = ground elevation at the toe of the cofferdam, taken as 0 ft, -5 ft and -10 ft to represent the range
of interior ground elevations

e vy, = water depth at the toe of the cofferdam (ft)

o I, =flow velocity at the toe of the cofferdam, equal to Q/y+ per unit foot of dam, with Q (per unit ft of
dam) summarized in Table 1 (ft/s)

e h; = head loss across the drop, taken as 0 ft for free fall

L
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The above equation was used to iteratively solve for water depth and resulting velocity at the toe of the cofferdam
for a range of water surface elevations within San Jacinto River. Head loss across the drop was assumed to be
negligible. The resulting calculated hydraulics at the toe of the cofferdam are summarized in Table 2 for interior
ground elevations of 0 ft, -5 ft, and -10 ft. The large drop across the cofferdam leads to very high flow velocities
at the toe of the cofferdam, ranging from approximately 26 ft/s to 39 ft/s.

Table 2: Hydraulics at the toe of the cofferdam.

River Q (cfs per z1=0ft \ z1=-5ft z1=-10 ft
WSE (ft) LF of dam) y1 (ft) V (ft/s) y1 (ft) V, (ft/s) y1 (ft) V (ft/s)
10.1 0.1 0.004 25.5 0.003 31.2 0.003 36.0
10.5 1.1 0.04 26.0 0.03 31.6 0.03 36.4
11.0 3.0 0.11 26.6 0.09 32.1 0.08 36.8
11.5 5.5 0.20 27.2 0.17 32.6 0.15 37.2
12.0 8.5 0.31 27.8 0.26 33.1 0.23 37.7
12.5 11.9 0.42 28.3 0.35 33.6 0.31 38.1
13.0 15.6 0.54 28.8 0.46 34.0 0.41 38.5
13.5 19.6 0.67 29.3 0.57 344 0.51 38.9
14.0 24.0 0.81 29.7 0.69 34.8 0.61 39.3
2.3 Impact Pressure

The pressure that is exerted by the plunging flow on impact with the ground on the interior of the cofferdam was
estimated to inform material selection for the scour protection. The impact pressure was calculated using the
following equation, which was derived from Newton’s second law of motion (Equation 2).

Equation 2

P = pV?
Where:
e P =impact pressure of the plunging flow
e p = density of water
eV, =impact velocity, taken as the velocity at the toe of the cofferdam (see Table 2)

The impact pressures are summarized in Table 3 for interior ground elevations (z1) of O ft, - 5 ft, and -10 ft. The
calculated pressures range from approximately 9 psi to approximately 21 psi.

Table 3: Summary of impact pressure results.

River Impact Pressure (psi)

WSE (ft) z1=0 ft z1=-5ft z1=-10 ft
10.1 9 13 17
10.5 9 13 18
11.0 10 14 18
11.5 10 14 19
12.0 10 15 19
12.5 11 15 20
13.0 11 16 20
13.5 12 16 20
14.0 12 16 21
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24 Minimum Length of Protection

Hydraulic jump lengths at the toe of the cofferdam were estimated to inform extents of the scour protection design.
The hydraulic jump lengths were calculated using Figures 5 and 7 in the United States Bureau of Reclamation’s
(USBR) Engineering Monograph (EM) No. 25, Hydraulic Design of Stilling Basins and Energy Dissipators. These
figures relate the ratio of the sequent depth (y2) to y1 and the ratio of the jump length (L) to y2 to the Froude
number (F1) at the toe of the cofferdam. The Froude number was calculated using Equation 3.

Equation 3
Fy =W /ygn

The resulting jump lengths are summarized in Table 4, and range from approximately 18 ft to 45 ft. Velocities
associated with the sequent depths are also reported in Table 4, and range from approximately 1.6 ft/s to 3.8 ft/s,
indicating minimal potential for scour. Jump lengths were not calculated for water surface elevations below 11.5
ft, since these drops experience large Froude numbers that are outside of the range of Figures 5 and 7, due to
the very low flow depths. Note also that Figures 5 and 7 were developed for horizontal, rectangular stilling basins,
and therefore calculated jump lengths will not apply in areas where the ground slopes down, away from the
cofferdam.

Table 4: Hydraulic jump lengths and sequent depths.

River WSE z1=0ft z1=-5ft z1=-10ft
(ft) L; (ft) V, (ft/s) F1 L (ft) V2 (ft/s) F1 L; (ft) V, (ft/s)
11.5 10.7 18.0 1.9 14.0 19.6 1.7 17.1 20.3 1.6
12.0 8.8 22.4 2.3 11.5 24.5 2.1 14.0 26.1 2.0
12.5 7.7 26.6 2.7 10.0 29.3 2.5 12.0 31.4 2.3
13.0 6.9 30.6 3.1 8.9 33.6 2.8 10.7 36.0 2.6
13.5 6.3 34.5 3.5 8.0 37.8 3.2 9.6 40.5 3.0
14.0 5.8 38.3 3.8 7.4 41.9 3.5 8.9 44.9 3.3

The horizontal distance travelled by a particle within the upper nappe of the flow over the cofferdam was
calculated using the following equations, which were derived assuming projectile motion:

Equation 4

Ax = VAt

Equation 5

At = 2(vo — z1)
A g

e  y,= water depth over the cofferdam in feet (see Section 2.2)

Where

. At = fall time in seconds

e 7, = ground elevation at the toe of the cofferdam in feet
e 1, = horizontal velocity component in ft/s, taken as V, (see Section 2.2)

The horizontal distance of the nappe on impact was then combined with the jump length to determine the
expected extents of highly erosive flow, extending from the toe of the cofferdam. This length is the minimum
length of scour protection recommended to protect the cofferdam, which are summarized in Table 5.
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Same is assumed for WSE of EL +10.5

Table 5: Minimum length of scour protection.

Z1=0ft Z1=-5ft Z1=-10ft

Min Ax Min Min

L; (ft) Protection (Ft) L; (ft) Protection L; (ft) Protection

Length (ft) Length (ft) Length (ft)

11.5 3.1 18.0 211 . .

12.0 3.7 224 26.1 4.4 24.5 28.9 5.0 26.1 31.0
12.5 4.2 26.6 30.8 4.9 29.3 34.2 5.6 314 37.0
13.0 4.7 30.6 35.3 5.5 33.6 39.1 6.2 36.0 42.3
13.5 5.1 34.5 39.6 6.0 37.8 43.9 6.8 40.5 47.3
14.0 5.6 38.3 43.8 6.5 41.9 48.5 7.3 44.9 52.2

2.5 Bench Hydraulics

The AZ42-700 double sheet pile wall cofferdam along the northwest area of the impoundment is adjacent to a
30-ft wide raised aggregate bench with a 36-inch layer of grouted riprap along the interior of the dam (see Figure
1). The top of the riprap is at elevation -4 ft with 3:1 side slopes that extend to an elevation of -7 ft. The top of the
raised aggregate bench is at -7 ft, and it features 4:1 side slopes that daylight with the existing ground at
elevations ranging from -12 ft to -16 ft. The hydraulics of the flow at the toe of the bench were calculated to inform
scour protection design in the vicinity of the bench. The hydraulics were calculated for several water surface
elevations within the San Jacinto River (10.5, 11.5 and 14.0 ft) to obtain hydraulics results for a range of
conditions within the river.

Top of Cofferdam
n<+——  EL=+10ft

Edge of bench
Zo, Yo, Vo
El.=-4 ft
20 ft .
l——>» Grouted riprap layer,

3:1 side slopes

El. -7 ft
/ Toe of bench

Aggregate bench, 21, y1, Vs
4:1 side slopes Min El.=-16 ft

Existing ground

65 ft max

| Se—
A
A\ A
N

Figure 1: Diagram of raised bench (not to scale).
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The bench toe hydraulics were computed using the energy balance equation (Equation 1) where zo, yo, and Vo,
represent the hydraulics at the edge of the 30-ft bench, and z1, y1, and V1, represent the hydraulics at the toe
(see Figure 1). The hydraulics at the edge of the bench were calculated using the computed cofferdam overflow
rates outlined in Table 1, assuming the flow reaches critical depth at this location (i.e. yo = yc; Vo=V¢). The head
loss across the drop was considered in Equation 1, and was calculated using Equation 6:

Equation 6
SfO + Sfl
b = (22,
L 2
Where:
e sfp = friction slope at the edge of the bench
e s = friction slope at the toe of the bench

e L =length of the bench, taken as 45 ft to represent the largest drop along the bench (from elevation -
4 ft to -16 ft), considering the 3:1 and 4:1 side slopes

The friction slope can be defined using Equation 7:

Equation 7

QZ

Sf =
(1.486*A*R

n

SwiN
~——

Where:

e  Q =flow rate per unit length of dam (see Table 1)

e n=Manning’s roughness, taken as 0.045 as described below

¢ R = hydraulic radius

e A=flowarea
The manning’s roughness of the riprap, assuming Dso= 18 inches, was calculated using the following equation
developed by Rice et. al (1998):

Equation 8
n = 0.0292(Ds,S, )17

Where:
o Dspis the median rock size in mm (457 mm for 18-inch rock)
e S, is the bed slope, which was taken as 0.267 ft/ft to represent the average side slope of the bench

The results of Equation 8 indicated a manning’s roughness of the 18-inch riprap of approximately 0.059.
Hydraulic design manuals such as the San Diego County Hydraulic Design Manual (County of San Diego
Department Works Flood Control Section, 2014) require reducing the roughness coefficient of riprap by 20% to
account for grouting the rock. Applying this reduction factor yields a manning’s roughness value of 0.047 for the
grouted rock, which was rounded down to 0.045 for the analysis.

Once Equation 1 was used to solve for the flow depth and velocity at the toe of the bench considering head
loss per Equation 6 and Equation 7, the corresponding Froude numbers were calculated using Equation 3.
These hydraulics were used to calculate the hydraulic jump length using Figures 5 and 7 in USBR’s EM25.

The results of the hydraulic analysis yield velocities ranging from approximately 13 ft/s to 31 ft/s at the toe of
the bench, with corresponding Froude numbers of 6.2 to 9.6. The analysis results in hydraulic jump lengths
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ranging from approximately 5 ft to 39 ft. Estimated hydraulics at the toe of the bench and corresponding jump

lengths are summarized in Table 6. .
Initial stages of

Table 6: Hydraulic results and jump lengths at the toe of the bench. flooding

Q (cfs per

LF of dam)’ y (at toe, ft)2 V(at toe, ft/s)>  F,(at toe)® Jump(fl;)ength
10.5 1.1 0.78 13.1 8.1 54
11.5 5.5 0.22 254 9.6 17.3
14.0 24.0 0.08 31.0 6.2 39.1

River WSE

Notes:
Cofferdam overflow rate per Table 1.

Flow depth and velocity (Q/y) at the toe of the bench, calculated by applying energy balance across the drop, using Equation 1.
Head loss, an input to Equation 1, was calculated using Equation 6 and Equation 7.

3. Froude number at the toe of the drop structure, calculated using Equation 3.

3. Scour Protection Design

3.1 Scour Protection Material

Analysis of the cofferdam overflow hydraulics indicate very high velocities at the toe of the cofferdam (see Section
2.2), indicating the need for scour protection. These velocities are estimated to range from approximately 26 ft/s
to 39 ft/s. USBR’s EM25 includes a design procedure for sizing riprap downstream of stilling basins, however,
the maximum design velocity reported in Figure 165 is 18 ft/s, which corresponds with 48-inch riprap. Since the
calculated velocities at the toe of the cofferdam are higher than this range, grouted riprap or concrete is
recommended along the interior of the cofferdam. The maximum impact pressure of the plunging flow was
calculated as approximately 21 psi (see Section 2.3), which corresponds with a water surface elevation of 14 ft
within the San Jacinto River. The Texas Department of Transportation Standard Specifications Item 421 ad
Departmental Materials Specifications (DMS) 4675, indicate required strengths of cement and grout of 3,000 psi
or higher, depending on the concrete class. Therefore, the strength of concrete or grouted riprap is adequate to
withstand the plunging flow over the cofferdam. Since the riprap will be grouted, the size of the riprap may be
selected based on the availability of local rock. However, based on industry standards, riprap with a minimum
median particle size (dso) of 18-inches is recommended if economically feasible. The thickness of the grouted
riprap layer should be equal to twice the median particle size (dso), or the largest particle size (d100), whichever is
larger.

Should it not be possible to grout the entire length of the riprap apron, loose riprap may be placed as an alternative
to the grouted riprap for a portion of the riprap apron, however, some erosion of this riprap may occur during
overtopping of the cofferdam. Figure 165 of USBR’s EM25 relates the flow velocity to recommended riprap size
for use in sizing riprap downstream of stilling basins. Riprap diameters and maximum velocities from this figure
are included in Table 7, and can be used to inform decisions on un-grouted riprap size. The estimated velocities
at the toe of the cofferdam are very high, ranging from approximately 25 ft/s to 39 ft/s (see Table 2), and are
outside of the range of Figure 165. Downstream of the hydraulic jump, the estimated flow velocities are low,
ranging from approximately 1.6 ft/s to 3.8 ft/s (see Table 4). The flow velocities along the apron, between the toe
of the cofferdam and the completion of the hydraulic jump, are difficult to estimate due to the turbulent nature of
the flow.
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Table 7: Riprap size vs. flow velocity, adapted from Figure 165 of USBR's EM25.

Stone Diameter (inches) Maximum Velocity (ft/s)

6 6.4
12 9.1
18 11.1
24 12.8
30 14.2
36 15.6
42 16.7
48 18.0

3.2 Scour Protection Extents

The scour protection extents presented in the following section consider two design water surface elevations
within the San Jacinto River (14 ft and 11.5 ft) to account for the uncertainty in the water levels within the river,
the time it takes for the water to rise within the river, and the time it takes for the interior of the cofferdam to fill.
The design elevation of 14 ft was selected based on analysis of the water surface elevations within the San
Jacinto River from 1994 to 2024, which indicated a maximum water surface elevation of approximately 14 ft at
the project site. The water surface elevation of 11.5 ft considers the fact that as the cofferdam overtops, the area
within the dam will fill with water. The water within the cofferdam will aid in energy dissipation of the flow
overtopping the dam, reducing the potential for scour. Note that all figures in the following section display the
recommended design for a 14 ft water surface elevation within San Jacinto River.

3.21 AZ36-700 Double Sheet Pile Wall Cofferdam

3.211 Eastern and Western Areas

The eastern and western portions of the cofferdam, highlighted in yellow in Figure 2, feature interior ground
elevations between -10 ft and 2 ft, with most areas below 0 ft. For a design water surface elevation of 14 ft within
the San Jacinto River, the length of recommended grouted riprap for this area is 55 ft, to account for the calculated
hydraulic jump length and the horizontal travel distance of the plunging flow for a river water surface elevation of
14 ft and ground elevation of -10 ft (see Table 5). For a design water surface elevation of 11.5 ft within the San
Jacinto River, the length of recommended grouted riprap for this area is 25 ft, per Table 5.

Additionally, a 10-ft-long loose riprap apron is recommended extending away from the grouted rock in both
designs. This loose riprap is intended to help protect the grouted riprap apron from undermining and failure should
scour occur at the interface between the riprap and native soil. As the native soil scours, the loose riprap will fall
into the scour hole and help protect the grouted riprap. Assuming a 2:1 slope, the loose riprap could protect the
grouted riprap apron from approximately 4.5 ft of vertical scour. This riprap should have a minimum median
particle size (dso) of 18 inches and a minimum thickness of 36 inches. A simple diagram showing the
recommended riprap apron for a design water surface elevation of 14 ft is included in Figure 3.
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Figure 2: Eastern and western areas of the cofferdam, where a 55-ft grouted riprap apron and a 10-ft loose riprap apron is
recommended (for river WSE=14 ft).

Figure 3: Recommended scour protection for eastern and western areas of the cofferdam (for river WSE=14 ft).
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3.21.2 Northern Area

The northern area of the cofferdam, adjacent to the AZ42-700 double sheet pile wall, features steep sloping
ground along the interior of the dam. The ground elevation along this area of the cofferdam ranges from -5 ft to -
10 ft. The interior ground slopes away from the cofferdam to an elevation of -16 ft, with a maximum slope of
approximately 3:1 (H:V). Additional scour protection is recommended for this area to account for the anticipated
high flow velocities over these steep slopes. The minimum length of grouted riprap apron for this area is 25 ft or
55 ft, for design river water surface elevations of 11.5 ft and 14 ft, respectively. However, if the slope extends
past this minimum length, the grouted riprap apron should extend to the toe of the slope. Additionally, a longer
loose riprap apron of 20 ft is recommended for this area, to account for additional scour potential from flow
traveling down these steep slopes. A simple diagram showing this recommended scour protection design is
included in Figure 4 (for a design water surface elevation of 14 ft).

Grouted riprap
- extending to toe

loose riprap

N\ SR

Figure 4: Recommended scour protection design for north area of the cofferdam (for river WSE= 14 ft).

3.2.2 AZ42-700 Pile Wall Cofferdam

The AZ42-700 Pile Wall Cofferdam is the north-east portion of the cofferdam, which features a 20-ft raised bench
at an elevation of -4 ft (see Figure 1 for a diagram of the bench). The raised bench slopes down to the existing
ground with side slopes varying from 3:1 to 4:1 (H:V). To ensure the stability of the raised bench, and the
cofferdam, it is recommended to protect the bench and the side slopes with grouted rock. Additionally, a grouted
riprap apron is recommended at the toe of the bench (where it daylights with the existing ground) to protect the
existing ground from plunging flow over the bench. The recommended length for this riprap apron is 20 ft or 40
ft, for design water surface elevations within San Jacinto River of 11.5 ft and 14 ft, respectively. The length of the
grouted riprap apron was designed considering the estimated hydraulic jump length for flow over the bench,
summarized in Section 2.5. Similarly to the other areas of the impoundment, a 10-ft long loose riprap apron is
recommended downstream of the grouted apron, to account for any additional scour at the interface between the
grouted rock and the native soil. A simple diagram of the recommended scour protection is included in Figure 5
(for a design water surface elevation of 14 ft).

|
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Figure 5: Recommended scour protection design for AZ42-700 double sheet pile wall cofferdam (for river WSE= 14 ft).

3.3 Scour Protection Maintenance

Following any event in which the cofferdam is overtopped, the riprap, grouted riprap, and/or concrete along the
interior of the dam should be inspected for damage and repaired where necessary. Areas outside of the scour
protection extents should also be inspected for scour/erosion, and additional scour protection may be
recommended for any areas exhibiting significant scour.

4. Assumptions and Limitations

The scour analysis and mitigation recommendations discussed herein are based on several assumptions. The
assumptions and limitations of the analysis and design, including the following:

e The calculation of flow over the cofferdam is based on the weir equation, which is a simplified approach
and assumes that the velocity of the flow approaching the cofferdam is negligible. In reality, the flow in
the river will likely have velocity oriented in the downstream direction which could increase or decrease
the flow over the cofferdam, depending on the direction on flow relative to the cofferdam.

e The hydraulics at the toe of the cofferdam assume no head loss across the jump. While there is expected
to be minimal head loss across the drop when the interior of the dam is dry, any ponded water within the
cofferdam could lead to energy dissipation and reduce the flow velocities at the toe of the cofferdam.

e The hydraulic jump length calculations assume that there will be sufficient tailwater depths to force a
hydraulic jump near the toe of the cofferdam. Near the beginning of the overtopping event, there may not
be sufficient depth, and the flow entering the impoundment could remain supercritical.

e The hydraulic calculations assume that the flow over the cofferdam travels in the direction away from the
cofferdam. As the impoundment fills with water, converging flow is expected to affect the hydraulics within
the cofferdam, which cannot easily be quantified.

e The hydraulic jump calculations are based on figures in the USBR EM25, which were created based on
experimental results for horizontal stilling basins. The ground within the impoundment is not flat, which
may affect the flow directions, velocities, and lengths of the hydraulic jumps. Additionally, flow filling the
impoundment will likely behave differently than flow within a horizontal stilling basin.

e The hydraulic jump calculations across the bench (see Section 2.5) assume that flow reaches critical
depth at the edge of the bench. The flow at the edge of the bench may be supercritical, due to the high
velocities experienced at the toe of the cofferdam. Thus, velocities at the toe of the bench, and resulting
hydraulic jump lengths, may be higher than calculated.

L
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e The hydraulic jump length and sequent depths could not be estimated for water surface elevations within
the San Jacinto River below 11.5 ft. The flow depths at the toe of the cofferdam in these scenarios are
small, leading to calculated Froude numbers that are outside of the range of the hydraulic jump length
calculation methods presented in USBR’s EM25. It is expected, however, that the design for higher water
surface elevations within the San Jacinto River will govern.

e The flow velocities along the riprap apron between the toe of the embankment and the completion of the
hydraulic jump could not be estimated due to the turbulent nature of the flow. Therefore, the size of riprap
could not be estimated for a design in which only a portion of the apron is grouted.

e The analysis did not consider scour downstream of the hydraulic jump, since the flow paths and resulting
velocities cannot easily be determined. It is expected that these flow velocities will be relatively low as
the impoundment fills with water, however, there could be some areas that experience local scour.

e The hydraulics of flow traveling down steep segments within the impoundment, for example, along the
northern section of the cofferdam (see Section 3.2.1.3), were difficult to estimate. Additional scour
protection was recommended in this area, but more detailed / sophisticated modelling could improve
scour protection recommendations.

The flow over the cofferdam and within its interior is three-dimensional and complex due to the vertical drop and
varying ground surface within the cofferdam. The analysis performed and presented herein is simplified and
based on many assumptions and limitations as noted above. A physical model or computational fluid dynamics
(CFD) model could be created to reduce the limitations of the analysis. These types of three-dimensional models
could provide more accurate hydraulic results on which to base the scour protection design.

5. Summary

This memorandum outlines the scour protection design for the San Jacinto Northern Impoundment, considering
water surface elevations within the San Jacinto River of up to 14 ft and a cofferdam top elevation of 10 ft. Due to
high flow velocities expected at the toe of the cofferdam from overtopping flow, a grouted riprap apron along the
interior of the cofferdam is recommended. The recommended length of the grouted riprap apron varies from
approximately 25 ft to approximately 95 ft, depending on the design water surface elevation within the San Jacinto
River, interior ground elevation, and ground slope. A 10-ft to 20-ft-long loose riprap apron is recommended
adjacent to the grouted riprap, to help protect the grouted riprap from scour at the interface of the apron and the
native soil. The analysis and design discussed herein are based on several assumptions. To reduce the
limitations and improve the accuracy of the analysis, a physical model or computational fluid dynamics model
could be created.
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BMP Design - Wind Load Parametric Study Summary

BMP structural analysis is performed for hydrostatic load from flood stage water level at El. +10ft.
Analysis doesn't include wind loads. Hence, this parametric study evaluates the effect of wind loads on
the BMP. The net load combining wind and hydrostatic load, without a reduction factor (0.6) on wind, is
compared to the design case hydrostatic load. As the net load is lower than the design case hydrostatic
load, further analytical evaluation of wind loads is not required.

Evaluation results of extreme and unusual wind load cases for different mudline elevations are
presented on the following pages.
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Mudline Elevation = 0ft

Wind Load - Extreme Case (EX)

Condition 1 Top of Wall/Water surface

Wind Load
Hydrostatic Load

BMP Exterior face

Interior face

Mudline
Wall Interior  Exterior
Top of Wall elevation 9 10(ft
Mudline elevation 0 0fft
Top Elevation of Wind 9 offt
Bottom Elevation of Wind 0 offt
Top Elevation of Water 0 10|ft
Bottom Elevation of Water 0 offt
Hydrostatic Load
Density of water Pw 62.4 62.4]1p/ft3
Total load on BMP Hiexa 0.00 3.12|kip/ L.F per unit ft length of BMP
Acting at height Hiexa 0.00 3.33|ft from mudline elevation
Wind Load
Wind pressure 023000 43.87 43.87||b/ft>  Refer Basis of Design report
Total load on BMP Wi 0.39 0.00(kip/ L.F per unit ft length of BMP
Acting at height Hyexa 4.5 0|ft from mudline elevation
Total Load on BMP 0.39 3.12 (Hydrostatic + Wind)
Net Load on BMP Niexa 2.73 kip/L.F (Exterior - Interior)
Acting at height Hoiext 3.2 ft from mudline elevation
Load Govern Check Design case hydrostatic load governs

Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Wind Load - Extreme Case (EX)

Condition 2

Wind Load

Interior face

Top of Wall

Wind Load

Exterior face

/ Hydrostatic Load

Water surface

Mudline

Wall Interior  Exterior

Top of Wall elevation 9 10|ft

Mudline elevation 0 offt

Top Elevation of Wind 9 10|ft

Bottom Elevation of Wind 0 5[ft

Top Elevation of Water 0 5[ft

Bottom Elevation of Water 0 0fft

Hydrostatic Load

Density of water Pw 62.4 62.4||p/ft3

Total load on BMP Hiexa 0.00 0.78]|kip/ L.F per unit ft length of BMP
Acting at height Hiexo 0.00 1.67|ft from mudline elevation
Wind Load

Wind pressure 023000 43.87 43.87|Ib/ft>  Refer Basis of Design report
Total load on BMP Wiex2 0.39 0.22|kip/ L.F per unit ft length of BMP
Acting at height Hyexo 4.5 7.5|ft from mudline elevation
Total Load on BMP 0.39 1.00 (Hydrostatic + Wind)
Net Load on BMP Niex2 0.60 kip/L.F (Exterior - Interior)
Acting at height Hoiex2 1.9 ft from mudline elevation
Load Govern Check Design case hydrostatic load governs

Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Wind Load - Unusual Case (UN)

Condition 1
T f Wall
Wind Load op ot iva
/
Interior face BMP Water Surface
Exterior face
Hydrostatic Load
/-
Mudline
Wall Interior Exterior
Top of Wall elevation 9 10|ft
Mudline elevation 0 0|ft
Top Elevation of Wind 0 10|ft
Bottom Elevation of Wind 0 5(ft
Top Elevation of Water 0 5(ft
Bottom Elevation of Water 0 offt
Hydrostatic Load
Density of water Puw 62.4 62.4||b/ft?
Total load on BMP Hiunt 0.00 0.78|kip/ L.F per unit ft length of BMP
Acting at height Hiuna 0.00 1.67|ft from mudline elevation
Wind Load
Wind pressure 023000 24.89 24.89||p/ft>  Refer Basis of Design report
Total load on BMP Wiun1 0.00 0.12|kip/ L.F per unit ft length of BMP
Acting at height Hyuna 0 7.5|ft from mudline elevation
Total Load on BMP 0.00 0.90 (Hydrostatic + Wind)
Net Load on BMP Niunt 0.90 kip/L.F (Exterior - Interior)
Acting at height Hniunt 2.5 ft from mudline elevation
Load Govern Check Design case hydrostatic load governs

Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.

194354




| —
-~

Job Number 11215702 Sheet

Sheets By __U.Lobato Date 05-09-2025

Client IPC and MIMC
Project __San Jacinto River Waste Pits Site
Subject BMP Design - Wind Load Evaluation

Checked By_S:Chilka Date _05-09-2025

Wind Load - Unusual Case (UN)

Condition 2

\

Interior face
Mudline

Wall

Top of Wall elevation
Mudline elevation

Top Elevation of Wind
Bottom Elevation of Wind
Top Elevation of Water
Bottom Elevation of Water

Hydrostatic Load

Density of water Pw
Total load on BMP Hiunz
Acting at height Hiunz
Wind Load

Wind pressure 23000
Total load on BMP Wiunz
Acting at height Haunz
Total Load on BMP

Net Load on BMP Niunz
Acting at height Hniunz

Load Govern Check

Wind Load Top of Wall

Water Surface

Hydrostatic Load

Exterior face

Interior Exterior
9 10|ft
0 0|ft
9 10|ft
0 5|ft
0 5|ft
0 0|ft
62.4 62.4||p/ft3
0.00 0.78]|kip/ L.F per unit ft length of BMP
0.00 1.67|ft from mudline elevation
24.89 24.89||p/ft>  Refer Basis of Design report
0.22 0.12|kip/ L.F per unit ft length of BMP
4.5 7.5]ft from mudline elevation
0.22 0.90 (Hydrostatic + Wind)
0.68 kip/L.F (Exterior - Interior)
1.8 ft from mudline elevation

Design case hydrostatic load governs
Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Mudline Elevation = -10ft

Wind Load - Extreme Case (EX)

Condition 1 Top of Wall/Water surface
Wind Load

Hydrostatic Load

BMP Exterior face

Interior face

Mudline
Wall Interior Exterior
Top of Wall elevation 9 10|ft
Mudline elevation -10 -10|ft
Top Elevation of Wind 9 0fft
Bottom Elevation of Wind 0 o|ft
Top Elevation of Water 0 10]ft
Bottom Elevation of Water 0 0fft
Hydrostatic Load
Density of water Pw 62.4 62.4||1p/ft3
Total load on BMP Hiexa 0.00 3.12|kip/ L.F per unit ft length of BMP
Acting at height Hiex1 0.00 13.33|ft from mudline elevation
Wind Load
Wind pressure 073000 43.87 43.87|Ib/ft>  Refer Basis of Design report
Total load on BMP W ex1 0.39 0.00(kip/ L.F per unit ft length of BMP
Acting at height Hoexa 14.5 0|ft from mudline elevation
Total Load on BMP 0.39 3.12 (Hydrostatic + Wind)
Net Load on BMP Niex1 2.73 kip/L.F (Exterior - Interior)
Acting at height Hoiexa 13.2 ft from mudline elevation
Load Govern Check Design case hydrostatic load governs

Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Wind Load - Extreme Case (EX)

Condition 2

Interior face

Top of Wall

Wind Load

Exterior face

/ Hydrostatic Load

Water surface

Mudline

Wall Interior  Exterior

Top of Wall elevation 9 10|ft

Mudline elevation -10 -10|ft

Top Elevation of Wind 9 10|ft

Bottom Elevation of Wind 0 5[ft

Top Elevation of Water 0 5[ft

Bottom Elevation of Water 0 0fft

Hydrostatic Load

Density of water Puw 62.4 62.4||1p/ft3

Total load on BMP Hiexo 0.00 0.78]kip/ L.F per unit ft length of BMP
Acting at height Hiexz 0.00 11.67|ft from mudline elevation
Wind Load

Wind pressure 03000 43.87 43.87|Ib/ft>  Refer Basis of Design report
Total load on BMP W2 0.39 0.22|kip/ L.F per unit ft length of BMP
Acting at height Hoexo 14.5 17.5(ft from mudline elevation
Total Load on BMP 0.39 1.00 (Hydrostatic + Wind)
Net Load on BMP Niex2 0.60 kip/L.F (Exterior - Interior)
Acting at height Hoiex2 11.9 ft from mudline elevation
Load Govern Check Design case hydrostatic load governs

Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Wind Load - Unusual Case (UN)

Condition 1
Top of Wall
Wind Load
/
Water Surface
Interior face BMP
Exterior face
Hydrostatic Load
/
Mudline
Wall Interior Exterior
Top of Wall elevation 9 10|ft
Mudline elevation -10 -10|ft
Top Elevation of Wind 0 10|ft
Bottom Elevation of Wind 0 5[ft
Top Elevation of Water 0 5[ft
Bottom Elevation of Water 0 0fft
Hydrostatic Load
Density of water Pw 62.4 62.4||1p/ft3
Total load on BMP Hiunt 0.00 0.78|kip/ L.F per unit ft length of BMP
Acting at height Hiunt 0.00 11.67|ft from mudline elevation
Wind Load
Wind pressure 073000 24.89 24.89||b/ft>  Refer Basis of Design report
Total load on BMP W un1 0.00 0.12|kip/ L.F per unit ft length of BMP
Acting at height Hount 0 17.5]|ft from mudline elevation
Total Load on BMP 0.00 0.90 (Hydrostatic + Wind)
Net Load on BMP Niun1 0.90 kip/L.F (Exterior - Interior)
Acting at height Hount 12.5 ft from mudline elevation

Load Govern Check

Design case hydrostatic load governs

Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Wind Load - Unusual Case (UN)

Condition 2

\

Interior face
Mudline

Wall

Top of Wall elevation
Mudline elevation

Top Elevation of Wind
Bottom Elevation of Wind
Top Elevation of Water
Bottom Elevation of Water

Hydrostatic Load

Density of water Pw
Total load on BMP Hiunz
Acting at height Hiunz
Wind Load

Wind pressure 923000
Total load on BMP Wiun2
Acting at height Haunz
Total Load on BMP

Net Load on BMP Niunz2
Acting at height Huiunz

Load Govern Check

Top of Wall

Wind Load

Water Surface

Hydrostatic Load

Exterior face

Interior Exterior
9 10(ft
-10 -10|[ft
9 10(ft
0 5[ft
0 5[ft
0 0fft
62.4 62.4||1p/ft3
0.00 0.78|kip/ L.F per unit ft length of BMP
0.00 11.67|ft from mudline elevation
24.89 24.89||b/ft>  Refer Basis of Design report
0.22 0.12|kip/ L.F per unit ft length of BMP
14.5 17.5|ft from mudline elevation
0.22 0.90 (Hydrostatic + Wind)
0.68 kip/L.F (Exterior - Interior)
11.8 ft from mudline elevation

Design case hydrostatic load governs
Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Mudline Elevation = -20ft

Wind Load - Extreme Case (EX)

Condition 1

Top of Wall/Water surface

Hydrostatic Load

BMP Exterior face

Interior face

Mudline
Wall Interior Exterior
Top of Wall elevation 9 10(ft
Mudline elevation -20 -20]ft
Top Elevation of Wind 0 0fft
Bottom Elevation of Wind 0 offt
Top Elevation of Water 0 10(ft
Bottom Elevation of Water 0 offt
Hydrostatic Load
Density of water Pw 62.4 62.4||b/ft>
Total load on BMP Hiexa 0.00 3.12]kip/ L.F per unit ft length of BMP
Acting at height Hiext 0.00 23.33|ft from mudline elevation
Wind Load
Wind pressure Q23000 43.87 43.87 |b/ft2 Refer Basis of Design report
Total load on BMP Wiex1 0.00 0.00|kip/ L.F per unit ft length of BMP
Acting at height Hyexa 0 0|ft from mudline elevation
Total Load on BMP 0.00 3.12 (Hydrostatic + Wind)
Net Load on BMP Niex1 3.12 kip/L.F (Exterior - Interior)
Acting at height Hoiext 23.3 ft from mudline elevation

Load Govern Check

Design case hydrostatic load governs
Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Wind Load - Extreme Case (EX)

Condition 2

Wind Load

Interior face
Mudline

Wall

Top of Wall elevation
Mudline elevation
Top Elevation of Wind

Bottom Elevation of Wind

Top Elevation of Water

Bottom Elevation of Water

Hydrostatic Load

Density of water
Total load on BMP
Acting at height

Wind Load

Wind pressure
Total load on BMP
Acting at height
Total Load on BMP
Net Load on BMP
Acting at height

Load Govern Check

Top of Wall

Wind Load

Exterior face

/ Hydrostatic Load

Water surface

Interior Exterior
9 10|ft
-20 -20|ft

9 10|ft

0 5[ft

0 5(ft

0 0|ft
Pw 62.4 62.4||b/ft>
Hiexa 0.00 0.78|kip/ L.F per unit ft length of BMP
Hiexo 0.00 21.67|ft from mudline elevation
023000 43.87 43.87||b/ft>  Refer Basis of Design report
W iex2 0.39 0.22]kip/ L.F per unit ft length of BMP
Hyexa 24.5 27.5|ft from mudline elevation

0.39 1.00 (Hydrostatic + Wind)

Niex2 0.60 kip/L.F (Exterior - Interior)
Hoiexa 219 ft from mudline elevation

Design case hydrostatic load governs
Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Subject

BMP Design - Wind Load Evaluation

Wind Load - Unusual Case (UN)

Condition 1

Interior face

Mudline

Job Number 11215702 Sheet

Sheets By ___U.Lobato Date 05-09-2025

Checked By. S.Chilka Date _05-09-2025
Top of Wall

Wind Load
/-
Exterior face

Hydrostatic Load
_—

Water Surface

BMP

Wall

Top of Wall elevation
Mudline elevation
Top Elevation of Wind

Bottom Elevation of Wind

Top Elevation of Water

Bottom Elevation of Water

Hydrostatic Load

Density of water
Total load on BMP
Acting at height

Wind Load

Wind pressure
Total load on BMP
Acting at height
Total Load on BMP
Net Load on BMP
Acting at height

Load Govern Check

HLUNZl
HlUNl

423000

NLUN1

HnIUNl

Interior Exterior

9 10|ft
-20 -20|ft
0 10(ft
0 5|ft
0 5[ft
0 oft
62.4 62.4||b/ft>
0.00 0.78|kip/ L.F per unit ft length of BMP
0.00 21.67|ft from mudline elevation

24.89 24.89||b/ft>  Refer Basis of Design report
0.00 0.12]kip/ L.F per unit ft length of BMP
0 27.5|ft from mudline elevation
0.00 0.90 (Hydrostatic + Wind)
0.90 kip/L.F (Exterior - Interior)
22.5 ft from mudline elevation

Design case hydrostatic load governs
Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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Wind Load - Unusual Case (UN)

Condition 2

\

Interior face

Mudline

Wall

Top of Wall elevation
Mudline elevation
Top Elevation of Wind

Bottom Elevation of Wind

Top Elevation of Water

Bottom Elevation of Water

Hydrostatic Load

Density of water
Total load on BMP
Acting at height

Wind Load

Wind pressure
Total load on BMP
Acting at height
Total Load on BMP
Net Load on BMP
Acting at height

Load Govern Check

Top of Wall

Wind Load

Water Surface

Exterior face Hydrostatic Load

Interior Exterior
9 10|ft
-20 -20|ft

9 10|ft

0 5[ft

0 5(ft

0 0|ft
Pw 62.4 62.4||b/ft>
Hiunz 0.00 0.78|kip/ L.F per unit ft length of BMP
Hiunz 0.00 21.67|ft from mudline elevation
023000 24.89 24.89||b/ft>  Refer Basis of Design report
W un2 0.22 0.12]kip/ L.F per unit ft length of BMP
H,yuna 24.5 27.5|ft from mudline elevation

0.22 0.90 (Hydrostatic + Wind)

Niun2 0.68 kip/L.F (Exterior - Interior)
Hoiunz 21.8 ft from mudline elevation

Design case hydrostatic load governs
Extreme Water Level (Hydrostatic) load acting on one side of the BMP
is greater than the calculated net load on BMP.
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APPENDIX | - BMP STRUCTURAL DESIGN REPORT

ATTACHMENT 3.5
SHEET PILE SEEPAGE EVALUATION
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Section H (ft) h (ft) H (m) h (m) L (ft) n

c1 19 22 5.8 6.7 370.0 161

C2,C5 24 20 7.3 6.1 910.0 396

C3,C3A 14 25 4.3 7.6 450.0 196

C4 22 18 6.7 5.5 310.0 135

CAA 17 27 5.2 8.2 650.0 283

C6, C7 9 35 2.7 10.7 950.0 414

H = Height of Water Column above Sediment
h = Thickness of Sediment Layers
L = Approximate length of each analysis sections

n= number of interlocks per lineal feet of BMP
Sheet Pile Width, b 27.56 in, half pair
n= L/b

Arcelor Mittal, Impervious Steel Sheet Piles, Design & Practical Approach
Q1 = Discharge per interlock, cubic feet per second
Q = Total Discharge, cubic feet per second

Ql= PH(0.5H+h) m3/s per interlock
Q= nQl m3/s, total
Q= (22.83E6) n Q1 gal/day or GPD

Inverse Resistivity (p) of Interlocks for various seal conditions
Materials by Arcelor Mittal. Other comparable but proprietary products available.

Hydrostatic pressure 100 kPa 200 kPa 300 kPa
TEmpty interlock* >1000 ST S ST o
Interlock with Beltan® Plus < 600 - - easy 1.0
Interlock with Arcoseal™ < 600 - - easy 1.2
Interlock with ROXAN® Plus system (@) 0.5 - with care 1.8
Interlock with AKILA® system 0.3 0.3 0.5 with care 2.1
after excavation for the
Welded interlock 0 0 (o] interlock 5.0

threaded on jobsite

* Value available only at 150 kPa: = 4500

Assume P 1.00E-07 m/s, minimum inverse resistivity for standard interlocks
Use SF 1.5 Safety factor for test parameters
p, design 1.50E-07

Section [Q1(m3/s)| Q(GPD)
C1 8.3E-06 30676
C2,C5 1.1E-05 96815
C3,C3A 6.2E-06 27927
C4 8.9E-06 27398
C4A 8.4E-06 54341
Ce, C7 5.0E-06 46785
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Assume P 6.00E-08 m/s, maximum inverse resistivity for Beltan Plus or Arcoseal Seal

Use SF 1.5 Safety factor for test parameters

p, design 9.00E-08

Section |Q1(m3/s)| Q(GPD)
Cl 5.00E-06 18406
C2,C5 6.42E-06 58089
C3, C3A 3.75E-06 16756
Cc4 5.33E-06 16439
C4A 5.05E-06 32605
C6, C7 2.97E-06 28071

Assume p 5.00E-11 m/s, maximum inverse resistivity for ROXAN Plus System
Use SF 15 Safety factor for test parameters
p, design 7.50E-11

Section |Ql1(m3/s)| Q(GPD)
C1 4.17E-09 15
C2,C5 5.35E-09 48
C3, C3A 3.12E-09 14
ca4 4.45E-09 14
C4A 4.21E-09 27
C6, C7 2.48E-09 23

Assume p 3.00E-11 m/s, maximum inverse resistivity for AKILA Seal
Use SF 1.5 Safety factor for test parameters
p, design 4.50E-11

Section | Q1 (m3/s)| Q(GPD)
C1l 2.50E-09 9
C2,C5 3.21E-09 29
C3,C3A 1.87E-09 8
C4 2.67E-09 8
C4A 2.52E-09 16
C6, C7 1.49E-09 14

Summary:

Any form of interlock sealant with partial to complete blockage capacity will significantly reduce any water inflow into the
cofferdam. It is recommended that sealant be applied only to the inner walls of the BMP. This will allow drainage of water
in the BMP fill material to drain toward the river and prevent contact with the material within the cofferdam.

ALTERNATIVE PRODUCT: WADIT, SEE DATASHEET ON NEXT PAGE
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Make Your Sheet
Pile Watertight

\WADIT

The Proven Sheet Pile Interlock Sealant
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\WADIT

WADIT® = Water Tight
Corrosion Inhibitor

WADIT is a purpose-built and globally proven sheet piling
interlock sealant and corrosion inhibitor. The creators of
WADIT know first-hand the installation and long-term
challenges faced when sealing all types of hot rolled or
cold formed sheet piling interlocks.

With an unmatched success rate in real-world applications,
WADIT provides both water-stopping and corrosion
protection. The application of WADIT in the WOF chamber
minimizes corrosion by sealing the interlock. WADIT also
acts as a pile lubricant by reducing friction and preventing
interlocks from “heating up”; this allows for the contractor
to choose to drive socket first, if needed.

For any application where water leakage presents a
problem, from dewatering cofferdams to barrier and cutoff
walls for site remediation, WADIT is the smart sheet pile
sealant of choice.

g it )

H

/

Benefits

TESTED AND CERTIFIED

WADIT fortifies your project. This real-world and
lab-tested sealant keeps water out and protects against
hazardous substances. Comprehensive third party test
data clearly states that the permeability of a sheet pile
lock with WADIT is zero because there is NO water
flow through the sheet pile lock at five bars (-70 psi) of
differential water pressure. Please refer to the University
of Dortmund Water-Tightness Study under the Technical
Documents on wadit.com.

HIGHLY DURABLE

WADIT performs in every environment, from the tropics
to the arctic, where high pressure sealing is required with
extreme temperature ranges. The longevity of your sheet
pile project is guaranteed with this durable sealant.

EXTREMELY FLEXIBLE

WADIT has exceptional memory rebound properties.
Conventional materials may harden like glass in
temperatures of just 50F (10C). WADIT, on the other
hand, remains extremely flexible even in groundwater.

NON-PROPRIETARY

Made by and for sheet pile professionals, WADIT can be
installed in any interlock system or used with U-, Z-, or
O-type of walls or combined SSP.

ENVIRONMENTALLY FRIENDLY

WADIT’s non-toxic and made from sustainable, natural
raw materials. Internationally lab-tested and certified,
WADIT is safe and can be used without any restriction
in sheet pile wall interlocks for ground and surface
water use.

IMPERVIOUS TO WEATHER

No matter the climate, WADIT can be applied, transported
and stored in any weather condition, ensuring a fast and
problem-free sealant application.

PROFESSIONALLY INSTALLED

Certified technicians professionally install the WADIT
Sealant System to ensure the perfect seal every time.
You can be confident that the quality of your project will
never be compromised.

Contact us | 866-666-7453 or 512-243-1228 | info@sheet-pile.com | sheet-pile.com/wadit
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The Proven Sheet Pile Interlock Sealant

WADIT: A Professionally
Installed Sealant System

WADIT’s unmatched success rate is the result of
professional application. Applied by trained and tested
WADIT installation crews, the WADIT Sealant System
guarantees an effective, durable, sheet pile interlock seal
every time. WADIT is sold pre-installed into any sheet pile
type on a per foot or per metre of interlock basis.

Call PilePro at 866-666-7453 to find an authorized
WADIT distributor in your area and/or to receive a
quote for PilePro to carry out the WADIT installation.

WADIT is great solution for
any project where water
leakage through the wall
presents a problem.

Internationally Lab-Tested
and Certified

WADIT has been repeatedly

proven as a safe material for use

in potable water projects. The
Bavaria State Trade Department
(LGA), the German equivalent of the
EPA, has certified WADIT for use in
areas with potable water.

werbeay,
Q° S,
Z

S
é@
5 Q

“The reports by the LGA come to the
conclusion that WADIT sealant can be
used without any restrictions in sheet
pile wall interlocks in ground and surface
water areas. There are no fears of
harmful effects if it is used in the area of
drinking water extraction systems.”

Read the full report at WADIT.com

WATERSIDE

Larssen connectors

WADIT Provides a Watertight and Long-Lasting Seal

AIRSIDE

WATERSIDE

Ball and Socket Connectors

Contact us | 866-666-7453 or 512-243-1228 | info@sheet-pile.com | sheet-pile.com/wadit
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We have the right solutions for
all of your sheet pile projects.

Contact us at
866-666-7453 or 512-243-1228
info@sheet-pile.com
sheet-pile.com/wadit

SheetPileLLC

These brands and products are supplied exclusively by or through Sheet Pile LLC.
Toll free: 866. 666.7453 | +1.512.243.1228 | info@sheet-pile.com

P rieero YWWADIT O-Pile [I-Pile [I+ZPile O+ZPile [Z-Pile
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Calculating seepage from under the BMP walls

The wall in the NW corner (Cross-Section C2) was selected for evaluating seepage / piping potential from under the wall. As the inner
interlocks will be installed with a sealant, seepage across the BMP is considered negligible. See calculations for interlock seepage.

Cross-Section C2 is exposed the largest head differential between the interior and exterior.

Lane's Weighted Creep Ratio was utilized to measure head loss along the sheet piles to the tip and back into the excavation area.

20 4

25 +

=30

SAN JACINTO RIVER

FLOOD v

STAGE

% TOP OF AZ42-700 DOUBLE SHEET PILE WALL COFFERDAM

LAYER 1 - EXT
t1

r— INTERIOR GROUTED RIPRAP
36" THICK LAYER
ROCK SIZE Dgy=18"

/_ SOIL TYPE 81 FILL
GROUT 3000 PSI

30° TYPICAL |

MIN. 20

MIN. 25'
LAYER 3 - INT

RAISED BENGH

MIN. 30"

TOP OF CLAY \\

© LAYER 2 - INT
-40 1 i = — L]
1 ’IL 13 FOR SHEET FILE WALL TIP ELEVATIONS
SEE TABLE 1 ON DRAWING S-03
Safe Weighted Creep Ratio, Cr (Lane 1934)
Material Cr

Very Fine Silt or Sand 8.5 << Alluvium Deposit (Layer 1)

Fine Sand 7

Medium Sand 6

Coarse Sand 5

Fine Gravel 4

Medium Gravel 3.5 << Aggregate for Raised Bench (Layer 3)

Gravel and Sand No value

Boulders with some Cobbles and Gravel 2.5

Boulders, Gravel, and Sand No value

Soft Clay 3

Medium Clay 2 << Beaumont Clay (Layer 3)

Hard Clay 1.8

Very Hard Clay or Hardpan 1.6
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<< Available, Head Loss Required

Description Elev (ft)
Top of Wall 10
Tip of Wall -45 (See Drawing S-03)
Mudline -14
Elev (ft) Soil Layer 1 Soil Layer 2 Soil Layer 3
Top -14 -33 -4
Bottom -33 -45 -14
TotalHead, H | 24 |t
Description Distance (ft) Cr Head Loss (ft)
t1 19 8.5 22
t2 12 2 6.0
t3 10 2 5.0
t4 12 2 6.0
t5 19 8.5 22
t6 10 3.5 29
Total Loss 243
OKAY

<< 1/3 x Distance between sheet pile walls

<< Head Loss under BMP

The calculation shows a higher head loss potential than the available head when the water is at the

maximum elevation to top of wall.

Cr for the soil layer below mudline is conservatively assumed to be simlar to "Very Fine Sand or Silt".
For other soil types, as the Cr value decreases, the head loss along the wall increases.

In other locations along the BMP, the total head available will be lower due to shallow mudline.
Therefore, the seepage / piping potential for water from the river into the excavation area is

insignificant.
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APPENDIX | - BMP STRUCTURAL DESIGN REPORT

ATTACHMENT 3.6 - BARGE IMPACT
REV 3: MAY 2025
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1. Design Approach

An engineered cofferdam using a best management practice (BMP) will encircle the Northern Impoundment of the San
Jacinto River Waste Pits Superfund (Site). The following calculations summarize the design of a sacrificial barrier wall
system comprising of fiberglass reinforced polymer (FRP) composite piles as the primary measure to protect the BMP
against potential barge impacts. The BMP structure itself is also evaluated for secondary impact after the barrier wall is
damaged.

The Texas Department of Transportation (TXxDOT)’s design criteria for the dolphin and fender system protecting the
Interstate-10 (I-10) Bridge piers includes impact from a 30,000-barrel (bbl) barge, which represents one of the larger
barges operating in the vicinity of the bridge. A typical 30,000-bbl barge is 300-ft long, 54-ft wide, and 12-ft tall. In a laden
condition, loaded to full capacity, such a barge would displace the equivalent of 30,000-bbl or approximately 168,500-ft3 of
water. Thus, the barge is assumed to weigh approximately 5,250 U.S. tons or 10,500 kips in laden condition. In ballasted
condition, the barge carries only fuel and ballast water and weighs approximately 910 U.S. tons or 1,820 kips.

The hydrodynamic model (Reference 1, Section 4) evaluated the flow velocities for various storm conditions and noted the
maximum river flow velocity of 3.14-ft/s and 95" percentile velocity of 2.2-ft/s. The velocity data processed from the
measurements taken by the buoys installed at Site determined maximum velocity of 5-ft/s but only 11 individual instances
(10-minute each) out of the 129,593 observations showed velocity exceeding 4 ft/s. Therefore, using 4 ft/s to evaluate
barge impact is considered appropriate.

The kinetic energy from impact can be determined from the weight and velocity of the barge at impact which may be
either the river flow velocity or the navigation speed. The energy of impact will be lower for any impact angle other than a
direct, head-on collision. The kinetic energy will be absorbed by the structures and the barge itself will absorb some
energy and suffer damage. The energy absorbed due to damage to the barge is not considered in this evaluation as a
conservative approach.

The standard design practice requires structures, such as bridge piers within the navigational waterway, to be designed
for barge impacts. The Northern Impoundment is not within the navigational waterway so the BMP will not be routinely
exposed to barges heading directly toward the structure. An impact could be the result of a barge coming off its mooring
and drifting toward the BMP during a storm event or it could be the result of a towed barge veering off course or a barge
losing control/power. Hence, considering head-on impact for purposes of the analysis is a conservative approach.

The equations available to calculate energy and force from barge impact were developed for design of bridge piers, which
have a smaller profile than the BMP wall (without barrier wall) and absorb a large portion of the impact energy assuming
minimal damage to the barge itself. The American Association of State Highway Transportation Officials (AASHTO)
(Reference 2, Section 4) method to determine impact force absorbed by bridge piers was used for evaluating the BMP for
direct impact. This method is conservative since the BMP and the barrier wall system will have a much larger profile area
than the typical bridge piers to absorb impact and distribute the energy.

The impact energy from a barge moving at the river flow velocity will be absorbed in two stages:

1. Primary or first contact will be with the barrier wall system. The barrier wall is designed to absorb impact energy of
829- kip.ft corresponding to head-on impact from a laden barge at 2.2-ft/s or a ballasted barge at 5.3-ft/s.

2. As the barge damages the barrier wall and potentially breaks through, it will lose energy. The BMP may be subject to
the remaining energy. In the 90% RD, the BMP was evaluated for maximum impact force of up to 1400-kips. This
force corresponds to impact energy due to head-on impact from a laden barge at 2.2-ft/s or a ballasted barge at 5.3-
ft/s.
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Using the AASHTO method, kinetic energy (KE) for barge impact as:
KE,laden barge = %IZVZ = 829-kip.ft
Where,
W = Displacement of the Barge (tonne = 1.1 US-tons) = 4773-tonne
V = Impact Velocity = 2.2-ft/s

Cn = Hydrodynamic Mass Coefficient = 1.05
Total Impact Force on BMP = 1400-kips

Cyw v?
29.2

KE,laden barge = = 425-Kip.ft

Where,
W = Displacement of the Barge (tonne = 1.1 US-tons) = 4783-tonne
V = Impact Velocity = 1.6-ft/s
Ch = Hydrodynamic Mass Coefficient = 1.05
Total Impact Force on BMP = 1000-kips

CygwWw

2
KE, ballasted barge = Tzv = 829-kip.ft

Where,
W = Displacement of the Barge (tonne = 1.1 US-tons) = 827-tonne
V = Impact Velocity = 5.3-ft/s
Ch = Hydrodynamic Mass Coefficient = 1.05
Total Impact Force on BMP = 1400-kips

2
KE, ballasted barge = % = 425-kip.ft

Where,
W = Displacement of the Barge (tonne = 1.1 US-tons) = 827-tonne
V = Impact Velocity = 3.8-ft/s
Ch = Hydrodynamic Mass Coefficient = 1.05
Total Impact Force on BMP = 1000-kips
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The west side of the Northern Impoundment is not exposed to any barge traffic; therefore, a barrier wall in this area is not
required. However, as the barges moored on the north side of the BMP may come off the moorings and float toward the
Site, the BMP walls are evaluated for direct impact from ballasted barges.

2. FRP Barrier Wall

As an additional measure to provide increased protection from potential barge impacts, a barrier wall would be installed at
approximately 20 to 25 ft from the exterior wall of the BMP. The barrier wall would be installed to the north and east side
of areas exposed to potential impacts from loaded barges. The general alignment, typical section and elevation of the
barrier wall are shown on Figure 2.1 through Figure 2.3.

The barrier wall will be comprised of 18-inch diameter FRP composite piles spaced at 8-ft on center. Four rows of 12-inch
by 12-inch reinforced high-density polyethylene (HDPE) walers will be installed horizontally on the exterior side of the FRP
piles, evenly spaced between Elevation +2 and +12 ft above mean water level (Figure 2.2 and Figure 2.3).

Similar to the BMP, the height of the FRP piles above riverbed and the variation in subsurface strata will affect the
performance of the barrier wall. Hence, design parameters corresponding to various BMP cross-sections, such as
Section C2, Section C3, Section C4, and Section C5 were considered to evaluate the energy absorption capacity of the
barrier wall. Section C4 governs over Section C4A, due to relatively greater depth to riverbed.

The piles used in the analysis are a proprietary product manufactured by Creative Pultrusions, Inc. and marketed as
Superpile. The walers are manufactured by Tangent Materials. However, other FRP pile or HDPE walers with equivalent
properties can be used in construction. The allowable design values (i.e., moment capacity of the FRP piles and walers),
as shown in the below Table 2.1, are determined through full-scale testing by the manufacturer. The barrier wall is
designed as a sacrificial element (i.e., acceptable to undergo damage) to absorb the maximum amount of impact energy.
Hence, no reduction factors are applied to the moment capacity.

Table 2.1 Moment Capacity of FRP Piles and Wales

Test Results Design Propert
750 591

FRP Pile, 18-in x 0.75-in TU 465
Wale, 12-in x 12-in 8F12 283 N/A
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Figure 2.1 Alignment - FRP Barrier Wall
20-0" to 250’ 30-0' t
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WALERS \‘ TOPOFBMP . TOP OF BMP
& EXTERIOREL+10° | | b oo TOPOFBMP )
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& BMP INTERIOR
|~ WALL
SHEET PILE
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Figure 2.2 Typical Section - FRP Barrier Wall
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________________________ ... __ .| . TOPOFBARRIER
EL +12'
- .. TOPOF BMP _
EL +10'
FRP PILE
w — | S7..RIVER WATER
WALERS L EL VARIES
BMP EXTERIOR
| ,L— WALL
o BEYOND
NN S SISO EL VARIES
Figure 2.3 Typical Elevation - FRP Barrier Wall

The barge will contact the walers and in turn, multiple FRP piles are engaged, and the barrier wall system will deflect to
absorb the impact energy. The largest moment demands on the pile sections are seen when the barge impact is at or
near the top of the barrier wall. At lower elevations of impact, the moment demands are lower and do not govern the
design. The results from the analysis with impact at top waler and lower waler are shown in the below Table 2.2 and
Table 2.3 respectively. The system has capacity to absorb the kinetic energy from impact with a laden barge at 2.2 ft/s or
ballasted barge at 5.3 ft/s.
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Table 2.2 Energy Absorption Capacity of FRP Barrier Wall — Impact at Top Waler

FRP Location BMP Design Er}ergy Absorbed P.ile Deflection FRP Pile Length

Parameters kip-ft inches ft

Section 1 Section C2 950 147 61

Section 2 Section C3 885 110 53

Section 2 Section C4 895 125 56

Section 3 Section C4 927 126 56

Section 4 Section C4 927 126 56

Section 4 Section C5 939 146 60
Table 2.3 Energy Absorption Capacity of FRP Barrier Wall — Impact at Lower Waler

FRP Location BMP Design Er:lergy Absorbed Rlle Deflection FRP Pile Length

Parameters kip-ft inches ft

Section 1 Section C2 863 138 61

Section 2 Section C3 869 109 53

Section 2 Section C4 886 121 56

Section 3 Section C4 897 123 56

Section 4 Section C4 845 118 56

Section 4 Section C5 864 137 60

Detailed calculations of the FRP barrier system are provided in the design report prepared by AXCESS. See next page.
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July 2,2024

Satish Chilka
GHD

Re: San Jacinto Fender System Design

Enclosed herewith are calculations for the San Jacinto fender system in Texas. This design was
based on the design criteria detailed in “Structural Update: San Jacinto River Waste Pits
Superfund Site” dated from October 21, 2022.

Design Energy — 829 kip-ft (AASHTO LRFD Bridge Design Specification, Ninth Edition, 2020)
Deflection Limitation — None Specified
Fender System Length — 1,879 ft

Water Elevations —
e MLW +2’ (Provided by GHD)
e MHW +9’ (Provided by GHD)

Top of Fender System Wale — EL +12’ (Provided by GHD)
Bottom of Fender System Wale — EL +4’

Design Mudline Elevation — Varies based on soil profiles provided by GHD (2022-09-09 Soil
Properties — FRP Dolphins)

Soil Profile — FB Multipier Soil Inputs provided by GHD. Report on FB Multipier inputs shown in
appendix E.

Principal Structural Materials of Construction —
e 18" x %” Pile from Creative Composites Group
e 12x12-8F12(12” x 12” w/8ea 1. 5” FRP rebar in HDPE wale) from Tangent

The design assumptions detailed in this letter have been utilized in the design of the San Jacinto
fender system.

‘ | AXCESS Axcess LLC Proprietary
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REVISION A CHANGES:

1. Properties updated to reflect the third party testing done on the 18” diameter x 3/4” wall
thickness piles.

2. Additional analysis was added to evaluate a barge impact on only the lowest row of wales to
simulate a low water impact event.

3. Splice plate calculations updated.
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1 Executive Summary

Mark Watt, PE evaluated the composite fender system for the San Jacinto fender system using
18” diameter with 3/4” wall thickness piles manufactured by the Creative Composites Group in
conjunction with the 12x12 8F12 SeaTimber Wales manufactured by Tangent.

Page |3
07/02/2024

The intent of this design is to provide a system that meets the energy absorption requirements
specified and conforms to the geometric footprint laid out for this project. The fender system
acts as a sacrificial protective barrier to prevent barge impacts to the steel sheet pile walls
installed behind the system. The calculations in this report only show the sufficiency of the
system to absorb design impact energy. However, the system will continue absorbing energy
after the initial failure as the loads are distributed to additional piles and rows of wales.

These calculations show that the proposed system of 18” diameter piles in combination with
12x12-8F12 plastic lumber wales achieves the design requirement of 829 ft-kip of energy
absorption while deflecting less than 12.25 ft (147 in). Table 1 below shows a summary of the

results.

A‘AXCESS

194383

Table 1: Load Case and Results Summary

Max Pile Absorbed Energy

Load Case Deflection (in) (ft-kip)
Section 1 - C2 Soil
Load Case 146.9 950
Section 2 - C3 Soil 1102 384.6
Load Case
Section 2 - C4 Soil
Load Case 124.5 895
Section 3 - C4 Soil 1259 926.9
Load Case
Section 4 - C4 Soil 1259 926.9
Load Case
Section 4 - C5 Soil 145 5 938.7
Load Case
Low Water Section 1 -
C2 Soil Load Case 1373 950
Low Water Section 2 -
C3 Soil Load Case 108.9 863.2
Low Water Section 2 -
C4 Soil Load Case 1212 868.8
Low Water Section 3 -
C4 Soil Load Case 1225 886.3
Low Water Section 4 -
C4 Soil Load Case 118.2 842.5
Low Water Section 4 - 136.7 363.7

C5 Soil Load Case

Axcess LLC Proprietary
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A non-linear analysis utilizing FB-Multipier (BSI) software was used to calculate the energy
capacity, maximum moments in the piles and wales, as well as the system deflection. The load
cases that were evaluated were based on barge dimensions and angle of impact provided by
GHD.

Minimum tip analysis was also run, which details the minimum tip elevation for this fender
system.

2 Fender Layout Sketch

Fender system length is assumed to be 1,879 ft. System will be broken into 4 sections as
shown in Figure 1. Wale sections are to be delivered in 64’ or 72’ sections and to be spliced
together between pile spacings. Each transition between sections will be spliced with FRP
plates with a pile installed at either end of the splice plate. Figure 2 shows a sketch of the
typical elevation view of the fender system at a pile location.

SECTION |

FRPFENDER SYSTEM

Figure 1: Fender Elevation

‘ 1 AXCESS Axcess LLC Proprietary
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Figure 2: Fender Elevation
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MINIMUM BOTTOM OF
WALE ELEVATION
(MLW + 0-6")
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3 Analysis
3.1 Fender System Layout (Figure 3 - Figure 6)

T.0 Pile EL +12’

Design Mudline EL -18’

Figure 3: Section 1 Fender System - Soil Profile C2

T.0 Pile EL +12’

Design Mudline EL-13" '

Design Mudline EL -9’

Figure 4: Section 2 Fender Layout —Soil Profile C3 & C4

T.O Pile EL +12’

Design Mudline EL-13’

Figure 5: Section 3 Fender Layout —Soil Profile C4

‘ | \ AXCESS Axcess LLC Proprietary
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Figure 6: Section 4 Fender Layout —Soil Profile C4 & C5

Pile and Wale spacings in FB-Multipier model are per the drawing layout.

Piles are 18” diameter x %” wall piles from the Creative Composites Group.
Wales are four rows of 12x12 8F12 SeaTimber Wales from Tangent.

Axcess LLC Proprietary
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3.2 Soil Properties
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Figure 7 - Figure 30 below summarize the parameters for the soil layers added to the FB-
Multipier model for the Fender System. The soil profiles were created from the soil parameters
given by GHD and shown in Appendix F. Based on the soil profile provided, there are four

separate profiles for the fender system.

3.2.1 C2 Soil Properties

Soil Layer Table

Top | Bottom Unit Unit | Specify
Layer | Layer Weight = Weight | Top &
Soil Soil Sail Elevation Elevation Lateral Axial Torsional Tip (Top) (Bottom)  Bottom
Set Layer Type (ft) (ft) Model Model Model Model (pcf) (pcf) Properties.
2 1 Cohesive |  -1800  -36.00 Clay (O'Neill)_~ | Driven Pile (McVay) | Hyperbolic_~ | Driven Pile (McVay) =| 100,000  119.000 [
2 2 Cohesive ™|  -3600  -42.00 Clay (O'Neil)_~| Driven Pile (McVay) | Hyperbolic x| Driven Pile (McVay) 7| 130,000, 140,000 v
2 3 | Cohesionless. | -4800 -100.00 Sand (Reese] x| Driven Pile (McVay) 7| Hyperbolic | Driven Pile (Mcvay) =] 112000 r
Figure 7: Global Soil Elevations — C2
Lateral Model Table
Internal Undrained Major Major
Friction = Subgrade Mass Stiffness Shear Principal = Principal
Soil Soil Lateral Angle Modulus = Modulus |~ Constant | Strength Strain Strain
Set| Layer Model (deqg) (Ib/in3) (kesi) kerm (psf) @50% @100%
2 1(top) Clay (O'Neill)_~ | 2000000 00200  0.0600
2 1 (bottom) Clay (O'Neill]ﬂ 324.0000 0.0200 0.0600
2 | 2(top) Clay (O'Neill]j 3288.0000 0.0050 0.0150
2 |2 (bottom) Clay (O'Neill]j 4392.,0000 0.0050 0.0150
2 3 Sand (Reese]ﬂ 37.0000  110.0000
Figure 8: Lateral Soil Properties — C2
Axial Model Table
Shaft Neminal
Internal Undrained Unconfined — Mass Split | Concrete Unit
Friction Shear Shear | Compressive Modulus Modulus Tensile Unit Skin
Soil Soil Axial Angle  Modulus Poisson's Strength Strength (Em}) Ratio Strength  Weight | Slump| Friction
Set Layer Model (deq) (ksi) Ratio (psf) (psf) (ksi) (Em/Ei) Surface (psf) (pcf) (in) (psf)
2 1 (top) Driven P\\e(M(Vaij 0.15 0.40 200.00
2 1(bottom) Driven Pile (McVay) = | 0.62 0.40 200.00
2 2 (top) Driven P\\E(Mc\d’ay]j 4.63 0.50 1300.00
2 2 (bottom) Driven P\\e(M(Vayjﬂ 463 0.50 1300.00
2 3 Driven P\\e(M(Vay]ﬂ 245 0.30 1152.00
Figure 9: Axial Soil Properties — C2
Torsional Model Table
Torsional
Shear Shear
Soil Soil Torsional Modulus Stress
Set Layer Model (ksi) (psf)
2 1 (top) Hyperbohcﬂ 0.15 200.00
2 1 (bottom) Hyperbohcﬂ 0.62 200.00
2 2 (top) Hyperbohcﬂ 4.63 1300.00
2 2 (bottom) Hyperbohcﬂ 4.63 1300.00
2 3 Hyperbohcﬂ 245 1152.00

Figure 10: Torsional Soil Properties — C2

A‘AXCESS
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Tip Model Table
Internal MNerminal
Friction Shear Tip
Seil Tip Angle Modulus Poisson's | Resistance
Set Model (deg) (ki) Ratio (kips)
2 Driven Pile (Mc'u’a)r]j 46300 0.5000 £40.0000
Figure 11: Tip Soil Properties — C2
Soil Set 2 | Pile 1 | Pile Type 1
Elevation (ft)
1.3
2.0
0.0
-10.8
-20.0
Layer 1| Top: Cu=2e+02 Gamma=100 | Bottom Cu=3.2e+02 Garm 19 300
-36.0 '
Layer 2 | Top: Cu=3.3e-+03 Gamma=130 | Bottormn Cu=4 4e+03 Garmdk 140 400
N -458.0
ooy 'SD.D
-60.0
_ -70.0
Layer 3 | Phi=37 Gamma=112
-80.0
-80.0
—— -100.0
Figure 12: 18” Pile Soil Cross Section — C2 SOIL
3.2.2 (C3 Soil Properties
Soil Layer Table
Top  Bottem Unit Unit | Specify
Layer | Layer Weight = Weight = Top &
Soil Soil Soil Elevation Elevation Lateral Axial Torsional Tip (Top)  (Bottom) Bottom | Del
Set  Layer Type (ft) (ft) Medel Model Model Model

| i Cohesive ™| -000  -2000

Clay (O'Neill)_ |

Driven Pile (McVay) 7| Hyperbolic |

(pef) (pef) | Properties La

DrwenPi\e(McVay)j 100.000/  119.000| [v Del

1 2 Cohesive ™| -2000  -28.00 Clay (O'Neill) | Driven Pile (Mcvay) ™| Hyperbolic Driven Pile (McVay) =/ 130.000  140.000 [¢" De
1 3 Cohesionless | -48.00 -100.00 Sand (Reese)_~| Driven Pile (Mcvay) ™| Hyperbolic Driven Pile (Mcvay) | 112.000 [~ @
Figure 13: Global Soil Elevations — C3
Lateral Model Table
Average
Internal Undrained ~ Major Major  Undrained  Unconfined
Friction = Subgrade Mass Stiffness Shear Principal | Principal Shear Compressive Residual
Soil Soil Lateral Angle Modulus = Modulus =~ Constant  Strength Strain Strain Strength Strength RQD Poisson's | Strength
Set| Layer Model (deg) {Ib/in"3) (ksi} krm (psf) @50% @100% (psf) (psf) % Ratio (psi)
1| 1itop) Clay (O‘Nailllj 200.0000 0.0200 0.0600
1 |1 (bottom) Clay (O‘Neilllj 4860000 0.0200 0.0600
1| 2(top) Clay (O‘Nellllj 2644.0000 0.0050| 0.0130
1 |2 (bottom) Clay (O‘Nellllj 4392,0000 0.0050| 0.0130
1 3 Sand (Reese)j 37.0000,  110.0000|

kAXCESS
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Figure 14: Lateral Soil Properties — C3

Axcess LLC Proprietary



San Jacinto Fender System Design Calculations — Rev B Page |10
07/02/2024
Axial Model Table
Shaft Mominal
Internal Undrained Unconfined = Mass Split | Concrete Unit  Coefficient
Friction Shear Shear | Compressive Modulus Modulus Tensile Unit Skin of Lateral
Soil Sail Axial Angle  Modulus Poisson's Strength  Strength (Em) | Ratio Strength  Weight Slump Friction  Earth
Set Layer Model (deq) (ksi) Ratio (psf) (psf) (ksi) (Em/Ei) Surface (psf) (pcf) {in) (psf) Pressure
1 1 (top) Driven P\\a(McVay]ﬂ 0.15 0.40 200.00
1 1 (bottom) Driven P\\a(McVay]j 0.62 0.40 200.00
1 2 (top) Driven P\\E(M(Vay]j 463 0.30 1300.00
1| 2 (bottom) Driven Pile (McVay) | 168 050 1300.00
1 3 Driven Pile (McVay) | 245 030 1152.00
Figure 15: Axial Soil Properties — C3
Torsional Model Table
Torsional
Shear Shear
Soil Soil Torsicnal Medulus Stress
Set Layer Model (ksi) (psf) Plot
1 1 (top) Hyparbol\cﬂ 0.15| 200.00 Plot
1 1 (bottom) Hyperbolic_~ | 0.62 200.00 Plot
1 2 ftop) Hyperbolic_~ | 463 1300.00 Plot
1 2 (bottom) Hypsrbul\(ﬂ 4.63 1300.00 Plot
1 3 Hyperbolic 7| 245 1152.00 Plot
Figure 16: Torsional Soil Properties — C3
Tip Model Table
Internal Morminal
Friction Shear Tip
Sail Tip Angle Medulus Poisson's | Resistance
Set Model (deg) (lesi) Ratio (kips)
1 Driven Pile (McVay) ™ 4.63 0.5000 £40.0000

Figure 17: Pile Tip Properties — C3

Soil Set 1 | Pile 56 | Pile Type 1

Elevation (ft)
11.5

2.0

0.0

Layer 1| Top: Cu=2e+02 Gamma=100 | Bottom Cu=4.9e+02 Gam 19

-10.0

-29.0

Layer 2 | Top: Cu=2.6e+03 Gamma=130 | Bottom Cu=4.4e+03 Gam 140 40,0

-a0.0

-40.0
-48.0

Layer 3 | Phi=37 Gamma=112

-50.0

-60.0

=700

-80.0

-90.0

-100.0

Figure 18: 18” Pile Soil Cross Section — C3 Soil

kAXCESS
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3.2.3 C4 Soil Properties
Soil Layer Table
Top Bottom Unit Unit Specify
Layer Layer Weight =~ Weight Top &
Soil Soil Soil Elevation | Elevation Lateral Puial Torsional Tip (Top)  (Bottom) Bottem
Set|  Layer Type (ft) (ft) Medel Meodel Meodel Model (pcf) (pcf]  Properties
3 1 Cohesiver|  -1200  -33.00 Clay (0'Neill) 7 | Driven Pile (McVay) | Hyperbolic_» | Driven Pile (McVay) x| 100,000,  119.000 [v
3 2 Cohesive ™|  -3200 -40.00 Clay (O'Neill)_7 | Driven Pile (McVay) | Hyperbolic_¥ Driven Pile (McVay) 7| 130.000, 140,000 [
3 3 | Cohesionless x| -29.00 -100.00 Sand (Reese) 7| Driven Pile (McVay) 7| Hyperbolic 7| Driven Pile (McVay) 7| 112000 r
Figure 19: Global Soil Elevations — C4
Lateral Model Takle
Internal Undrained Major Major
Friction | Subgrade Mass Stiffness Shear Principal | Principal
Sail Soil Lateral Angle Modulus = Medulus | Constant | Strength Strain Strain
Set Layer Maodel (deg) (lb/in"3) (ki) krm (psf) ®30% @100%
3 1 (top) Clay (O'Neill)j 200.0000 0.0200 0.0600
3 1 (bottom) Clay (O'Neill]j 438.0000 0.0200 0.0600
3 2(top) Clay (O'Neill]j 3012.0000 0.0050 0.0150
3 2 (bottom) Clay (O'Neill)j 4340.0000 0.0050 0.0150
3 3 Sand (Reese]ﬂ 37.0000  110.0000
Figure 20: Lateral Soil Properties — C4
Axial Medel Table
Shaft Mominal
Internal Undrained Uncenfined  Mass Split | Concrete Unit
Friction Shear Shear  Compressive Modulus | Modulus Tensile Unit Skin
Sail Soil Axial Angle  Modulus Poissan's  Strength Strength (Em) Ratio Strength ~ Weight Slump Friction
Set Layer Model (deg) (ksi) Ratio (psf) (psf) (ksi) (Em/Ei) Surface (psf) (pcf) (in) (psf)
3 1 itop) Driven Pile (Mc\fay)j 0.15 0.40 200.00|
3 1 (bottom) Driven Pile (McVay)_~ | 0.62 0.40 200.00
3 2 (top) Driven Pile (McVay)_~ | 463 0.50 1300.00
3 2 {bottom) Driven Pile (Mc\fay)j 4.63 0.50 1300.00
3 3 Driven Pile (Mc\a‘ay)j 245 0.30 115200
Figure 21: Axial Soil Properties — C4
Torsional Model Table
Torsional
Shear Shear
Soil Soil Torsional Modulus Stress
Set Layer Model (kesi) (psf)
3 1 (top) Hyperbﬂ\icj 0.15 200.00
3 1 (bottom) Hyperbﬂ\icd 0.62 200.00
3 2 (top) Hyperbﬂ\icd 463 1300.00
3 2 (bottom) Hyperbo\icﬂ 463 1300.00
3 3 Hyperbo\icﬂ 2.45| 1152.00
Figure 22: Torsional Soil Properties — C4
Tip Model Table
Internal Mominal
Friction Shear Tip
Soil Tip Angle Modulus Poisson's | Resistance
Set Model (deg) (ki) Ratio (kips)
3 Driven Pile (Mc‘u‘ay)j 4.6300 0.5000 £40.0000

kAXCESS
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Figure 23: Tip Soil Properties — C4
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Soil Set 3 | Pile 57 | Pile Type 2
Elevation (fty
11.5

0.0

-10.0

-20.0

-30.0

-40.0

-50.0

-60.0

-70.0

-80.0

-90.0

-100.0

Figure 24: 18” Pile Soil Cross Section — C4 Soil
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3.2.4 (5 Soil Properties
Soil Layer Table
Top Bottom Unit Unit Specify
Layer Layer Weight | Weight Top &
Soil  Soil Soil Elevation Elevation Lateral Axial Torsional Tip (Top) | (Bottom) Battom
Set  Layer Type ) ) Model Model Model Model (pch (pc) | Properties
4 1 Cohesive ™| -12.00  -36.00 Clay (O'Neil)_~ | Driven Pile (McVay) ™| Hyperbolic_~ | Driven Pile (Mcvay) | 100.000  119.000 v
4 2 Cohesive x| -36.00  -54.00 Clay (O'Neill) x| Driven Pile (McVey) | Hyperbolic v Driven Pile (McVay) =] 130,000 140,000 [v
4 3 Cohesionless¥| -5400 -100.00 Sand (Reese) 7| Driven Pile (McVay) ~ | Hyperbolic_~ Driven Pile (McVay) =] 112,000 -
Figure 25: Global Soil Elevations — C5
Lateral Model Table
Internal Undrained Major Major
Fricticn | Subgrade Mass Stiffness Shear Principal = Principal
Soil Sail Lateral Angle Maodulus = Medulus | Constant | Strength Strain Strain
Set  Layer Model (deg) {Ib/in*3) (ksi) kerm (psf) @50% @100%
4 | 1 (top) Clay (O'Neill]ﬂ 200.0000 0.0200 0.0600
4 1 (bottom) Clay (O'Neill]j 458.0000 0.0200 0.0600
4 2(top) Clay (O'Neill)_~ | 3288.0000 0.0050 0.0150
4 2 (bottom) Clay (O'Neill]j 4344,0000 0.0050 0.0150
4 3 Sand (Reese]ﬂ 37.0000  110.0000
Figure 26: Lateral Soil Properties — C5
Axial Model Table
Shaft Neminal
Internal Undrained Unconfined = Mass Split | Concrete Unit
Friction Shear Shear  Compressive Modulus Modulus Tensile Unit Skin
Soil Soil Axial Angle | Modulus | Poisson's| Strength Strength (Em) Ratio Strength  Weight Slump Friction
Set Layer Model (deg) (kesi) Ratio (psf) (psf) (ki) (Em/Ei) Surface (psf) (pcf) (in) (psf)
4 1 (top) Driven Pile (M(Vayjj 0.15 0.40 200.00|
4 1 (bottom) Driven Pile (M(Vayjﬂ 0.62 0.40 200.00|
4 2 (top) Driven Pile (M(Vay]j 4,63 0.50 1300.00
4 2 (bottom) Driven Pile (M(Vay]j 463 0.50 1300.00
4 3 Driven Pile (M(Vay)j 245 0.30 1152.00
Figure 27: Axial Soil Properties — C5
Torsional Model Table
Torsional
Shear Shear
Soil Soil Torsional Modulus Stress
Set Layer Model (ksi} (psf)
4 1 (top) Hyperhﬂhcj 0.15 200.00
4 1 (bottom) Hyperbohcj 0.62 200.00
4 2 (top) Hyperbuhcﬂ 4.63 1300.00
4 2 (bottom) Hyperbuhcj 4,63 1300.00
4 3 Hyperbohcj 245 1152.00
Figure 28: Torsional Soil Properties — C5
Tip Model Table
Internal Nominal
Friction Shear Tip
Soil Tip Angle Modulus Poisson's | Resistance
Set Model (deg) (ksi) Ratio (kips)
4 Driven Pile (McVay)_~ | 4,6300 05000 640,000

kAXCESS
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Figure 29: Tip Soil Properties — C5
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Soil Setd | Pile 62 | Pile Type 2

Elevation (ft)
1.5

0.0

-10.0

-20.0

-20.0

-60.0

=700

-80.0

-100.0

Figure 30: 18” Pile Soil Cross Section — C5 Soil
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3.3 FB-Multipier Pile/Wale Input Stress/Strain Curves
See Figure 31 and Figure 32 for the stress and strain inputs used to generate the Pile and Wale
stress/strain curves, respectively.
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Segment 1

Material Types

? Concrete
Mild Steel
Prestressed
H-Pile

0 Casing

Poisson's Ratio  0.38
Yield Strain  0.0103
Defaults

Plot

Clear

Strain

-0.100000
-0.015000
-0.010300
0.000000
0.010300
0.015000
0.100000

Figure 31: 18” OD x 0.75” WT Pile Properties

CustomSection_12x12 8F12

Stress
(ksi)

-1.0000
-1.0000
-42,1100
0.0000
42.1100
1.0000

1.0000

Segment 3

Material Types

? O Concrete
() Mild Steel
Prestressed
H-Section
Casing

Poisson's Ratio  0.38

Defaults
Plot

Clear

Strain

-0.100000
-0.030000
-0.016480
0.000000
0.016480
0.030000
0.100000

Figure 32: 12x12 8F12 Wale Properties

Stress

(ki)

-1.0000
-13.0000
0.0000
13.0000
1.0000
1.0000
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3.4 Pile and Wale Properties

The allowable design values for the piles and wales used in the fender system design were
determined through full scale testing and the application of appropriate reduction factors. The
processes used to determine the design values for each component type are provided below
and the resulting moment capacities are shown in Table 2.

Since this fender system is a temporary protection system and is designed to be damaged to
absorb the maximum amount of energy, there are no knockdowns applied to the moment
capacity used in the design.

Piles:
e Test full-scale piles to ASTM D6109 with a minimum of 10 specimens.

e Conduct ASTM D7290 compliant statistical reductions to find allowable capacity.
Wales:

e Test full-scale wales to ASTM D6109 with a minimum of 5 specimens.

Table 2: Allowable Moment Capacity for 18” x 3/4” Piles and SeaTimber Wales

ASTM D6109 ASTM D7290
Component Mean Test Results | Design Property
Type (kip-ft) (kip-ft)
Pile - 18”x 0.75” 750 591
Wale - 12x12 8F12 283 N/A
k AXCESS Axcess LLC Proprietary
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3.5 Energy Analysis and Calculation
The fender system was analyzed in FB Multipier using a non-linear analysis to determine the
energy absorption, maximum moments, and deflections for each load case. Each section of the
fender system was analyzed separately to determine the sufficiency to absorb the required 829
kip-ft.

3.5.1 Load Case 1 - Section 1 Fender System - C2 Soil
The illustration of the nodes that are loaded are shown in Figure 33. Different iterations were
performed modifying the applied load. Energy calculations (see Table 3) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 33: Layout — Load Case 1 (Section 1 — Soil C2)

‘ | Y AXCESS Axcess LLC Proprietary
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Table 3: Energy Calculations - Load Case 1 (Section 1 — Soil C2)

Load Deflection Energy
Node (kips) (in) (ft-kips)

18 8 119.6 39.87
807 8 110 36.67
808 8 100.4 33.47
809 8 90.8 30.27

19 8 137.4 45.80
840 8 126.7 42.23
841 8 115.9 38.63
842 8 105.1 35.03

20 8 146.9 48.97
873 8 135.5 45.17
874 8 124.1 41.37
875 8 112.6 37.53

21 8 146.9 48.97
906 8 135.5 45.17
907 8 124.1 41.37
908 8 112.6 37.53

22 8 137.4 45.80
939 8 126.7 42.23
940 8 115.9 38.63
941 8 105.1 35.03

23 8 119.6 39.87
972 8 110 36.67
973 8 100.4 33.47
974 8 90.8 30.27

Total Energy (ft-kip) 950

EAC = 950 ft-kip > Emin = 829 ft-kip (Acceptable)
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Pile Moment Capacity Check - Load Case 1 (Section 1 — Soil C2)

Page |19
07/02/2024

Maximum pile moment (18” Diam. x %” WT pile) = 557 ft-kip (See Figure 34 below)

M Moment 2

= = =]

1151t
8.aft
8.1 ft
3.5t
0.8 ft
-1.9ft
-4.6 ft
T3 ft
-10.0 ft
126 ft
-153 ft
-18.0 ft
-20.7 ft
-23.5ft
-26.2 ft
-28.0ft
-3l ft
-34.4 ft
S3TOft
-30.8 ft
-42.5 ft
-43.3 ft
-48.0 ft

264 kip-ft

Figure 34: Max Pile Moment -

Load Case 1 (Section 1-Soil C2)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 557 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Pile Shear Capacity Check - Load Case 1 (Section 1- Soil C2)
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Maximum pile moment (18” Diam. x %” WT pile) = 72.4 kips (See Figure 34 below)

= =)=

— 115 ft
- 8.8 ft
— 6.1 ft
— 3.5t
— 0.8 ft
— 1.0 ft
— 46 ft
— 73t
— -10.0 ft
— -12.6 ft
— -15.3 ft
- -18.0 ft
- -20.7 ft
- -23.5 ft
- -26.2 ft
— -28.9 ft
— -31.6 ft
- -34.4 ft
— 371 ft
— -39.8 ft
425 ft
- -45.3 ft
— -48.0 ft

724 kips

0 kips

—=

11—

-20.5 kips

Figure 35: Max Pile Shear - Load Case 1 (Section 1 -Soil C2)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip

Actual of 72.4 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 1 (Section 1- Soil C2)
Maximum wale moment (12x12 8F12) = 144 ft-kip (See Figure 36 below)

M o = =

-312.8 ft
-300.0 ft
-288.0 ft
-276.0 ft
-264.0 ft
-252.0 ft
-240.0 ft
-228.0 ft
-216.0 ft
-204.0 ft
-182.0 ft
-180.0 ft
-168.0 ft
-156.0 ft
-144.0 ft
-132.0 ft
-120.0 ft
-108.0 ft
-96.0 ft
-84.0 ft
-72.0 ft
-60.0 ft
-48.0 ft
-36.0 ft
-24.0 ft
-12.0 ft
--0.8 ft

0 kip-ft

W' N

144 kip-ft
110 kip-ft

Figure 36: Max Wale Moment - Load Case 1 (Section 1-Soil C2)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 144 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 1 (Section 1 — Soil C2)
See Figure 37 below.

Node 20 & 21

Figure 37: Displacement - Load Case 1 (Section 1-Soil C2)

Maximum Pile displacement of system at back face is on node 20 & 21 with a displacement of 146.9
in.
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3.5.2 Load Case 2 — Section 2 Fender System — C3 Soil
The illustration of the nodes that are loaded are shown in Figure 33. Different iterations were
performed modifying the applied load. Energy calculations (see Table 4) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 38: Layout — Load Case 2 (Section 2 — Soil C3)

Table 4: Energy Calculations - Load Case 2 (Section 2 — Soil C3)

Node Load (kips) | Deflection (in) | Energy (ft-kips)
26 10.4 84.6 36.66
1332 10.4 76.6 33.19
1333 10.4 68.5 29.68
1334 10.4 60.6 26.26
27 10.4 101.2 43.85
1362 10.4 92 39.87
1363 10.4 82.75 35.86
1364 10.4 73.5 31.85
28 10.4 110.2 47.75
1392 10.4 100.2 43.42
1393 10.4 90.3 39.13
1394 10.4 80.3 34.80
29 10.4 110.2 47.75
1422 10.4 100.2 43.42
1423 10.4 90.3 39.13
1424 10.4 80.3 34.80
30 10.4 101.2 43.85
1452 10.4 92 39.87
1453 10.4 82.75 35.86
1454 10.4 73.5 31.85
31 10.4 84.6 36.66
1482 10.4 76.6 33.19
1483 10.4 68.5 29.68
1484 10.4 60.6 26.26
Total Energy (ft-kip) 884.65

EAC = 884.65 ft-kip > Emin = 829 ft-kip (Acceptable)

‘ L Y AXCESS Axcess LLC Proprietary
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Pile Moment Capacity Check - Load Case 2 (Section 2 — Soil C3)
Maximum pile moment (18” Diam. x %” WT pile) = 589 ft-kip (See Figure 39 below)

~ 115 ft _
- 8o ft g
-~ 6.4 ft '
- 3.8 ft
— 1.2t -
- 13t
L 30 ft :
— 5.4 ft !
— 0.0 ft .
— 1.8 ft
— 146 ft i
— 175 ft
— 203 ft !
— 231 ft !
— -25.0 ft !
— 28,7 ft
— 315 ft :
- 344 ft
— -37.2 ft -
L 40,0 ft

25,6 kip-ft
589 kip-ft

Figure 39: Max Pile Moment - Load Case 2 (Section 2 - Soil C3)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 589 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Pile Shear Capacity Check - Load Case 2 (Section 2 — Soil C3)
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Maximum pile moment (18” Diam. x %” WT pile) = 63.5 kips (See Figure 40 below)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip

v Shear 3

= =)=

115ft

— 8.0 ft

6.4 ft
3.8 ft
12t
13 ft
-39 ft
-6.4 ft
-9.0 ft
-11.8 ft
-14.6 ft
7.5 ft
-20.3 ft
-23.1 ft
-25.9 ft
-28.7 ft
315 ft
-34.4 ft
-37.2 ft
-40.0 ft

0 kips

63.5 kips
-29.9 kips

Figure 40: Max Pile Shear - Load Case 2 (Section 2 - Soil C3)

Actual of 63.5 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 2 (Section 2 — Soil C3)
Maximum wale moment (12x12 8F12) = 141 ft-kip (See Figure 41 below)

M = [ @ ][=]

- 7607 ft
-732.0 ft
-T02.7 ft
-673.3 ft
-644.0 ft
-614.7 ft
-585.3 ft
-556.0 ft
-526.7 ft
-487.3 ft
-468.0 ft
-438.7 ft
-409.3 ft
-380.0 ft
-330.7 ft
-3213 ft
-292.0 ft
-262.7 ft
-2333 ft
-204.0 ft
-174.7 ft
1453 ft
-116.0 ft
-86.7 ft

-57.3 ft

-28.0 ft

--0.8 ft

0 kip-ft

=
F

141 kip-ft
~116 kip-ft

Figure 41: Max Wale Moment - Load Case 2 (Section 2-Soil C3)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 141 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 2 (Section 2 — Soil C3)
See Figure 42 below.

Node 28 & 29

Figure 42: Displacement - Load Case 2 (Section 2 — Soil C3)

Maximum Pile displacement of system at back face is on node 28 & 29 with a displacement of 110 in.
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3.5.3 Load Case 3 — Section 2 Fender System — C4 Soil
The illustration of the nodes that are loaded are shown in Figure 43. Different iterations were
performed modifying the applied load. Energy calculations (see Table 5) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 43: Layout — Load Case 3 (Section 2 — Soil C4)

Table 5: Energy Calculations - Load Case 3 (Section 2 — Soil C4)

Node Load (kips) | Deflection (in) | Energy (ft-kips)
74 9.5 97.9 38.75
2772 9.5 87.87 34.78
2773 9.5 77.8 30.80
2774 9.5 67.8 26.84
75 9.5 115.2 45.60
2802 9.5 103.7 41.05
2803 9.5 923 36.54
2804 9.5 80.8 31.98
76 9.5 124.5 49.28
2832 9.5 99.02 39.20
2833 9.5 88.5 35.03
2834 9.5 77.97 30.86
77 9.5 124.5 49.28
2862 9.5 112.2 44.41
2863 9.5 100 39.58
2864 9.5 87.74 34.73
78 9.5 115.2 45.60
2892 9.5 103.7 41.05
2893 9.5 92.3 36.54
2894 9.5 80.8 31.98
79 9.5 97.9 38.75
2922 9.5 87.87 34.78
2923 9.5 77.8 30.80
2924 9.5 67.8 26.84
Total Energy (ft-kip) 895.05

EAC = 895.05 ft-kip > Emin = 829 ft-kip (Acceptable)

k AXCESS Axcess LLC Proprietary
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Pile Moment Capacity Check - Load Case 3 (Section 2 — Soil C4)
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Maximum pile moment (18” Diam. x %” WT pile) = 585 ft-kip (See Figure 44 below)

M OMENT

= = =]

— 115 ft
— 8.0 ft

— 6.4 ft

—3.8ft

— 1.2t

—-1.3ft
— -3.9ft
— -6.4 ft
— -9.0 ft
—-11.8ft
— -14.6 ft
—-17.5 ft
— -20.3 ft
—-23.0ft
— -25.9 ft
— -28.7 ft
—-31.5ft
— -34.4 ft
—-37.2ft
— -40.0 ft

25,8 kip-ft

Figure 44: Max Pile Moment - Load Case 3 (Section 2 - Soil C4)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 585 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Maximum pile moment (18” Diam. x %” WT pile) = 64.3 kips (See Figure 45 below)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip

v Shear 3

= =)=

115ft

— 8.0 ft

6.4 ft
3.8 ft
12t
13 ft
-39 ft
-6.4 ft
-9.0 ft
-11.8 ft
-14.6 ft
7.5 ft
-20.3 ft
-23.1 ft
-25.9 ft
-28.7 ft
315 ft
-34.4 ft
-37.2 ft
-40.0 ft

[ Okips

64.3 kips
-20.5 kips

Figure 45: Max Pile Shear - Load Case 3 (Section 2 - Soil C4)

Actual of 64.3 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 3 (Section 2 — Soil C4)
Maximum wale moment (12x12 8F12) = 145 ft-kip (See Figure 46 below)

M = |[@][=]

L 760.7 ft :
L 732.0 ft :
-702.7 ft 5
-573.3 ft 5
- 5440 ft :
-614.7 ft :
5853 ft i
-556.0 ft i
-526.7 ft 5
L 497.3 ft :
- 468.0 ft :
-438.7 ft i
L4003 ft ;
-380.0 ft ;
-350.7 ft ;

=

T‘W]/W ]W 0 kip-ft

-321.3 ft
-292.0 ft
-262.7 ft
-233.3 ft
-204.0 ft
-174.7 ft
-145.3 ft
-116.0 ft
-86.7 ft
-57.3 ft
-28.0 ft
--0.8 ft

145 kip-ft
117 kip-ft

Figure 46: Max Wale Moment - Load Case 3 (Section 2 — Soil C4)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 145 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 3 (Section 2 — Soil C4)
See Figure 47 below.

Node 76 & 77

Figure 47: Displacement - Load Case 3 (Section 2 — Soil C4)

Maximum Pile displacement of system at back face is on node 76 & 77 with a displacement of 124.5
in.
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3.5.4 Load Case 4 — Section 3 Fender System — C4 Soil
The illustration of the nodes that are loaded are shown in Figure 48. Different iterations were
performed modifying the applied load. Energy calculations (see Table 6) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Jif
[fffg

Figure 48: Layout — Load Case 4 (Section 3 — Soil C4)

‘ L Y AXCESS Axcess LLC Proprietary
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Table 6: Energy Calculations - Load Case 4 (Section 3 — Soil C4)

Page |34
07/02/2024

Node Load (kips) | Deflection (in) | Energy (ft-kips)
18 9.4 99.2 38.85
773 9.4 90.1 35.29
774 9.4 81 31.73
775 9.4 71.9 28.16
19 9.4 116.6 45.67
804 9.4 106.2 41.60
805 9.4 95.8 37.52
806 9.4 85.4 33.45
20 9.4 1259 49.31
835 9.4 114.8 44.96
836 9.4 103.8 40.66
837 9.4 92.6 36.27
21 9.4 125.9 49.31
906 9.4 114.8 44,96
907 9.4 103.8 40.66
908 9.4 92.6 36.27
22 9.4 116.6 45.67
939 9.4 106.2 41.60
940 9.4 95.8 37.52
941 9.4 85.4 33.45
23 9.4 99.2 38.85
972 9.4 90.1 35.29
973 9.4 81 31.73
974 9.4 71.9 28.16
Total Energy (ft-kip) 926.92

EAC = 926.92 ft-kip > Emin = 829 ft-kip (Acceptable)
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San Jacinto Fender System Design Calculations — Rev B Page |35
07/02/2024

Pile Moment Capacity Check - Load Case 4 (Section 3 — Soil C4)
Maximum pile moment (18” Diam. x %” WT pile) = 589 ft-kip (See Figure 49 below)

M Moment 2 | = ” = ” &3 |

— 11.5 ft
—a8ft
— 6.1 ft
— 3.3 ft
— 0.6 ft
— -2 ft
— -4.8 ft
— -7.6 ft
— -10.3 ft
—-13.0ft
—-15.7 ft
—-18.5ft
—-21.2ft
— -23.09ft
— -26.6 ft
— -20.4 ft
—-320ft
— -34.8 ft
—-37.5ft
— -40.3 ft
— -43.0 ft

26.5 kip-ft
589 kip-ft

Figure 49: Max Pile Moment - Load Case 4 (Section 3 - Soil C4)

Allowable Pile Design Capacity after statistical reductions = 591ft-kip
Actual of 589 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Pile Shear Capacity Check - Load Case 4 (Section 3 — Soil C4)
Maximum pile moment (18” Diam. x %” WT pile) = 64.5 kips (See Figure 50 below)

v'_fhear-} | = “ = ” £ |

— 115 ft
— 8.8 ft '

=

=

: =]
6.1 ft : -hm :
33t : !

— 0.6 ft , ,
21 ft i i
48 ft
- 76 ft ; ;
L 103 ft : !
3.0 ft ,
- 157t |
— 185 ft :
— 212 ft
— 239 ft :
— -26.6 ft -
- 0.4 ft
L 301 ft :
348 ft
— 375 ft
— -40.3 ft
— -43.0 ft

B4.5 kips
-26 kips

Figure 50: Max Pile Shear - Load Case 4 (Section 3 - Soil C4)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip
Actual of 64.5 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 4 (Section 3 — Soil C4)
Maximum wale moment (12x12 8F12) = 144 ft-kip (See Figure 51 below)

M IENIEREE

-312.8 ft
-300.0 ft
-288.0 ft
-276.0 ft
-264.0 ft
-232.0 ft
-240.0 ft
-228.0 ft
-216.0 ft
-204.0 ft
-182.0 ft
-180.0 ft
-168.0 ft
-156.0 ft
-144.0 ft
-132.0 ft
-120.0 ft
-108.0 ft
-96.0 ft
-a34.0 ft
-72.0 ft
-60.0 ft
-48.0 ft
-36.0 ft
-24.0 ft
-12.0 ft
--0.8 ft

0 kip-ft

T

144 kip-ft
117 kip-ft

Figure 51: Max Wale Moment - Load Case 4 (Section 3 — Soil C4)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 144 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 4 (Section 3 — Soil C4)
See Figure 52 below.

Node 20 & 21

Figure 52: Displacement - Load Case 4 (Section 3 — Soil C4)

Maximum Pile displacement of system at back face is on node 20 & 21 with a displacement of 125.9 in

‘ | Y AXCESS Axcess LLC Proprietary
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3.5.5 Load Case 5 - Section 4 Fender System — C4 Soil
The illustration of the nodes that are loaded are shown in Figure 53. Different iterations were
performed modifying the applied load. Energy calculations (see Table 7) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 53: Layout — Load Case 5 (Section 4 — Soil C4)

Table 7: Energy Calculations - Load Case 5 (Section 4 — Soil C4)

Node Load (kips) | Deflection (in) | Energy (ft-kips)
29 9.4 99.2 38.85
1246 9.4 90.1 35.29
1247 9.4 81 31.73
1248 9.4 71.9 28.16
30 9.4 116.6 45.67
1277 9.4 106.2 41.60
1278 9.4 95.8 37.52
1279 9.4 85.4 33.45
31 9.4 125.9 49.31
1308 9.4 114.8 44.96
1309 9.4 103.8 40.66
1310 9.4 92.6 36.27
32 9.4 125.9 49.31
1370 9.4 114.8 44.96
1371 9.4 103.8 40.66
1372 9.4 92.6 36.27
33 9.4 116.6 45.67
1402 9.4 106.2 41.60
1403 9.4 95.8 37.52
1404 9.4 85.4 33.45
34 9.4 99.2 38.85
1434 9.4 90.1 35.29
1435 9.4 81 31.73
1436 9.4 71.9 28.16
Total Energy (ft-kip) 926.92

EAC = 926.92 ft-kip > Emin = 829 ft-kip (Acceptable)
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Pile Moment Capacity Check - Load Case 5 (Section 4 — Soil C4)
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Maximum pile moment (18” Diam. x %” WT pile) = 589 ft-kip (See Figure 54 below)

M Mornent 2

= =)=

— 115 ft
— 8.8 ft
— 6.1 ft
— 3.3 ft
— 0.6 ft
—-21ft
—-4.8ft
- -7.6ft
— -10.3 ft
—-13.0ft
—-15.7 ft
—-185ft
—-21.2 ft
— -23.9ft
— -26.6 ft
— -20.4 ft
— -32.0ft
— -34.8 ft
— -37.5ft
— -40.3 ft
— -43.0 ft

26.5 kip-ft

Figure 54: Max Pile Moment - Load Case 5 (Section 4 - Soil C4)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 589 ft-kip <= Allowable of 591 ft-kip (Acceptable)

A‘AXCESS

194420

589 kip-ft

Axcess LLC Proprietary



San Jacinto Fender System Design Calculations — Rev B Page |41
07/02/2024

Pile Shear Capacity Check - Load Case 5 (Section 4 — Soil C4)
Maximum pile moment (18” Diam. x %” WT pile) = 64.5 kips (See Figure 55 below)

V/ Shear 3 = =)=

— 11.5 ft :
- 8.8 ft
— 6.1 ft 5 i 5
- 33 ft : _JM_;
- 0.6 ft ! !
— 2.1 ft
— -4.8 ft i i
- 76 ft i !
L 103 ft
— -13.0 ft
— 157 ft
— 185 ft
— 212 ft
— 239 ft
— 26,6 ft
L 20,4 ft
- 321 ft
- 34.8 ft
- -37.5 ft
- -40.3 ft
L 43.0 ft

0 kips

B54.5 kips

-26 kips

Figure 55: Max Pile Shear - Load Case 5 (Section 4 - Soil C4)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip
Actual of 64.5 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 5 (Section 4 — Soil C4)

Maximum wale moment (12x12 8F12) = 144 ft-kip (See Figure 56 below)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip

M

o ==

-488.8 ft

-465.3 ft
-4458.7 ft
~428.0 ft
-409.3 ft
-380.7 ft
-372.0ft
-353.3 ft
-334.7 ft
-316.0 ft
-297.3 ft
-278.7 ft
-260.0 ft
-241.3 ft
2227 ft
-204.0 ft
-185.3 ft
-166.7 ft
-148.0 ft
-128.3 ft
-110.7 ft
-92.0 ft

-73.3ft

-54.7 ft

-36.0 ft

-17.3 ft

--0.8 ft

Figure 56: Max Wale Moment - Load Case 5 (Section 4 — Soil C4)

144 kip-ft

0 kip-ft

2

L

3

Actual of 144 ft-kip <= Allowable of 283 ft-kip (Acceptable)

kAXCESS
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117 kip-ft

Page |42
07/02/2024

Axcess LLC Proprietary



San Jacinto Fender System Design Calculations — Rev B Page |43
07/02/2024

Pile Displacement Check - Load Case 5 (Section 4 — Soil C4)
See Figure 57 below.

Node 31 & 32

Figure 57: Displacement - Load Case 5 (Section 4 — Soil C4)

Maximum Pile displacement of system at back face is on node 31 & 32 with a displacement of 125.9 in
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3.5.6 Load Case 6 — Section 4 Fender System — C5 Soil
The illustration of the nodes that are loaded are shown in Figure 58. Different iterations were
performed modifying the applied load. Energy calculations (see Table 8) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 58: Layout — Load Case 6 (Section 4 — Soil C5)

Table 8: Energy Calculations - Load Case 6 (Section 4 — Soil C5)

Node Load (kips) | Deflection (in) | Energy (ft-kips)
52 8.3 117.5 40.64
1959 8.3 105.6 36.52
1960 8.3 93.7 32.40
1961 8.3 81.9 28.32
53 8.3 135.5 46.86
1990 8.3 122.2 42.26
1991 8.3 108.8 37.63
1992 8.3 95.45 33.01
54 8.3 145.5 50.32
2021 8.3 131.3 45.41
2022 8.3 117 40.46
2023 8.3 102.8 35.55
55 8.3 145.5 50.32
2052 8.3 131.3 45.41
2053 8.3 117 40.46
2054 8.3 102.8 35.55
56 8.3 135.5 46.86
2083 8.3 122.2 42.26
2084 8.3 108.8 37.63
2085 8.3 95.45 33.01
57 8.3 117.5 40.64
2114 8.3 105.6 36.52
2115 8.3 93.7 32.40
2116 8.3 81.9 28.32
Total Energy (ft-kip) 938.76

EAC = 938.76 ft-kip > Emin = 829 ft-kip (Acceptable)
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Maximum pile moment (18” Diam. x %” WT pile) = 583 ft-kip (See Figure 59 below)

M Moment 2

= = =]

1151t
8.aft
8.1 ft
33t
0.6 ft
-2 ft
-4.8 ft
-7.6 ft
-10.3 ft
-13.0ft
157 ft
-18.5 ft
212 ft
-23.09ft
-26.6 ft
-20.4 ft
B2 ft
-34.8 ft
-37.5ft
-40.3 ft
-43.0 ft

Figure 59: Max Pile Moment - Load Case 6 (Section 4 - Soil C5)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 583 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Maximum pile moment (18” Diam. x %” WT pile) = 75 kips (See Figure 60 below)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip

v Shear 3

= =)=

115ft
8.8 ft
6.1 ft
3.3t
0.6 ft
24 ft
-4.8 ft
-7.6ft
103 ft
-13.0ft
-15.7 ft
-18.5 ft
-21.2 ft
-23.0ft
-26.6 ft
-204 ft
-2 ft
-34.8 ft
-375ft
-40.3 ft
-43.0 ft

0 kips

=
|

75 kips
-21.9 kips

Figure 60: Max Pile Shear - Load Case 6 (Section 4 - Soil C5)

Actual of 75 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 6 (Section 4 — Soil C5)

Maximum wale moment (12x12 8F12) = 144 ft-kip (See Figure 61 below)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip

M

=@ ][ =]

-488.8 ft

-465.3 ft
-446.7 ft
-428.0 ft
-408.3 ft
-380.7 ft
-372.0 ft
-353.3 ft
-334.7 ft
-316.0 ft
-287.3 ft
-278.7 ft
-260.0 ft
-241.3 ft
2227 ft
-204.0 ft
-185.3 ft
-166.7 ft
-148.0 ft
1283 ft
-110.7 ft
-92.0 ft

mEER

-54.7 ft

-36.0 ft

-17.3 ft

--0.8 ft

Figure 61: Max Wale Moment - Load Case 6 (Section 4 — Soil C5)

144 kip-ft

LLLI

==

—

0 kip-ft

Actual of 144 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 6 (Section 4 — Soil C5)
See Figure 62 below.

Node 54 & 55

Figure 62: Displacement - Load Case 6 (Section 4 — Soil C5)

Maximum Pile displacement of system at back face is on node 54 & 55 with a displacement of 145.5
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3.6 Low Water Energy Analysis and Calculations
The fender system was analyzed in FB Multipier using a non-linear analysis to determine the
energy absorption, maximum moments, and deflections for each load case. Each section of the
fender system was analyzed separately to determine the sufficiency to absorb the required 829
kip-ft. These load cases are to simulate a barge impact event during low water when the barge
would only impact one row of wales. This is a conservative analysis as the barge load would
eventually be distributed onto the piles as the system deflects.

3.6.1 Load Case 7 —Section 1 Fender System — C2 Soil
The illustration of the nodes that are loaded are shown in Figure 63. Different iterations were
performed modifying the applied load. Energy calculations (see Table 9) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 63: Layout — Load Case 7 (Section 1 — Soil C2)

Table 9: Energy Calculations - Load Case 7 (Section 1 — Soil C2)

Load Deflection Energy
Node (kips) (in) (ft-kips)
809 35 86.77 126.54
842 35 100.9 147.15
875 35 108.3 157.94
908 35 108.3 157.94
941 35 100.9 147.15
974 35 86.77 126.54
Total Energy (ft-kip) 863.25

EAC = 863.25 ft-kip > Emin = 829 ft-kip (Acceptable)
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Maximum pile moment (18” Diam. x %” WT pile) = 544 ft-kip (See Figure 64 below)

M Moment 2

= =)=

1.5
8.8 ft
6.1 ft
3.5 ft
0.8 ft
1.9 ft
-4.6 ft
7.3 ft
-10.0 ft
-12.6 ft
-15.3 ft
-18.0 ft
-20.7 ft
235 ft
-26.2 ft
-28.9 ft
-31.6 ft
-34.4 ft
371 ft
-39.8 ft
425 ft
-45.3 ft
-48.0 ft

0 kip-ft

121 kip-ft

Figure 64: Max Pile Moment - Load Case 7 (Section 1-Soil C2)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 544 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Maximum pile moment (18” Diam. x %” WT pile) = 73.9 kips (See Figure 65 below)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip

v Shear 3

= =)=

115ft
8.8 ft
g1 ft
351t
0.8 ft
-1.9 ft
-4.6 ft
T3 ft
-10.0 ft
126 ft
153 ft
-18.0 ft
-20.7 ft
-23.5ft
-26.2 ft
-28.9 ft
-3l ft
-34.4 ft
3T ft
-39.8 ft
-42.5 ft
-43.3 ft
-48.0 ft

— Okips

739 kips

-23.8 kips

Figure 65: Max Pile Shear - Load Case 7 (Section 1 -Soil C2)

Actual of 73.9 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 7 (Section 1- Soil C2)
Maximum wale moment (12x12 8F12) = 130 ft-kip (See Figure 66 below)

M = |[@][=]
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-312.8 ft
-300.0 ft !
-288.0 ft i
-276.0 ft 5
- o640 ft ;
-252.0 ft !
L 240.0 ft :
-228.0 ft i
-216.0 ft 5
-204.0 ft !
-192.0 ft :
- 180.0 ft E
L 168.0 ft ;
- 156.0 ft ;
- 144.0 ft ;

0 kip-ft

-132.0 ft
-120.0 ft
-108.0 ft
-96.0 ft
-84.0 ft
-72.0 ft
-60.0 ft
-48.0 ft
-36.0 ft
-24.0 ft
-12.0 ft
--0.8 ft

130 kip-ft
~103 kip-ft

Figure 66: Max Wale Moment - Load Case 7 (Section 1-Soil C2)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 130 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 7 (Section 1 — Soil C2)
See Figure 67 below.

Node 20 & 21

Figure 67: Displacement - Load Case 7 (Section 1-Soil C2)

Maximum Pile displacement of system at back face is on node 20 & 21 with a displacement of 137.9
in.
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3.6.2 Load Case 8 — Section 2 Fender System — C3 Soil
The illustration of the nodes that are loaded are shown in Figure 68. Different iterations were
performed modifying the applied load. Energy calculations (see Table 10) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 68: Layout — Load Case 8 (Section 2 — Soil C3)

Table 10: Energy Calculations - Load Case 8 (Section 2 — Soil C3)

Load Deflection Energy

Node (kips) (in) (ft-kips)
1334 48 61.11 122.22
1364 48 74.5 149.00
1394 48 81.6 163.20
1424 48 81.6 163.20
1454 48 74.5 149.00
1484 48 61.11 122.22
Total Energy (ft-kip) 868.84

EAC = 868.84 ft-kip > Emin = 829 ft-kip (Acceptable)
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Pile Moment Capacity Check - Load Case 8 (Section 2 — Soil C3)
Maximum pile moment (18” Diam. x %” WT pile) = 589 ft-kip (See Figure 69 below)

=@ ][=]

— 115 ft
- 8.0 ft
- 6.4 ft :
— 3.8 ft !
— 1.2 ft '
— 13 ft
L 30t
— 5.4 ft :
— 0.0 ft
— 118 ft :
— 146 ft -
- 175 ft ,
- 203 ft
— 231 ft :
— 259 ft
~ 287 ft :
— 315 ft !
— 344 ft :
— 372 ft
L 400 ft

137 kip-ft
589 kip-ft

Figure 69: Max Pile Moment - Load Case 8 (Section 2-Soil C3)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 589 ft-kip <= Allowable of 591 ft-kip (Acceptable)

‘ | Y AXCESS Axcess LLC Proprietary

194435



San Jacinto Fender System Design Calculations — Rev B Page |56
07/02/2024

Pile Shear Capacity Check - Load Case 8 (Section 2- Soil C3)
Maximum pile moment (18” Diam. x %” WT pile) = 66 kips (See Figure 70 below)

v.:‘ii';- |':' ”EI ||EE |

— 11,5 ft . a
- g0t =
-~ 6.4 ft 5 H-‘
— 38t : :
— 12 ft i i
— 13t
L 301t ; ;
— 5.4 ft : !
— -0.0 ft [ .
— 118 ft : :
— 14.6 ft
— 175 ft
— 203 ft ;
— 231 ft !
- -25.0 ft
— 287 ft
— 315 ft :
— 344 ft
- 372 ft :
L 400 ft !

66 kips
-360.3 kips

Figure 70: Max Pile Shear - Load Case 8 (Section 2 -Soil C3)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip
Actual of 66 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 8 (Section 2- Soil C3)

Maximum wale moment (12x12 8F12) = 134 ft-kip (See Figure 71 below)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip

M

IENIERIEE

- 7607 ft
-732.0ft
CT02.T ft
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-644.0 ft
-614.7 ft
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-556.0 ft
-526.7 ft
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-468.0 ft
-438.7 ft
-408.3 ft
-380.0 ft
-350.7 ft
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-292.0 ft
-262.7 ft
-233.3 ft
-204.0 ft
-174.7 ft
- 1453 ft
-116.0 ft
-86.7 ft

-57.3 ft

-28.0 ft

--0.8 ft

Figure 71: Max Wale Moment - Load Case 8 (Section 2-Soil C3)

134 kip-ft

0 kip-ft

e
=

Actual of 134 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 8 (Section 2 — Soil C3)
See Figure 72 below.

Node 28 & 29 J

Figure 72: Displacement - Load Case 8 (Section 2-Soil C3)

Maximum Pile displacement of system at back face is on node 28 & 29 with a displacement of 108.9
in.
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3.6.3 Load Case 9 — Section 2 Fender System — C4 Soil
The illustration of the nodes that are loaded are shown in Figure 73. Different iterations were
performed modifying the applied load. Energy calculations (see Table 11) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 73: Layout — Load Case 9 (Section 2 — Soil C4)

Table 11: Energy Calculations - Load Case 9 (Section 2 — Soil C4)

Load Deflection Energy

Node (kips) (in) (ft-kips)
2774 44.5 68.2 126.45
2804 44.5 81.8 151.67
2834 44.5 89 165.02
2864 44.5 89 165.02
2894 445 81.8 151.67
2924 44.5 68.2 126.45
Total Energy (ft-kip) 886.29

EAC = 886.29 ft-kip > Emin = 829 ft-kip (Acceptable)
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194439



San Jacinto Fender System Design Calculations — Rev B Page | 60
07/02/2024

Pile Moment Capacity Check - Load Case 9 (Section 2 — Soil C4)
Maximum pile moment (18” Diam. x %” WT pile) = 588 ft-kip (See Figure 74: Max Pile Moment -
Load Case 9 (Section 2-Soil C4)Figure 74 below)

M'-'"*-"-; |‘:'||E|”§3|

— 115t | _
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- 3.8 1t g4\
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- 13t ;
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- 64t
— -9.0 ft
—-11.8ft
—-14.6 ft
—-17.5 ft
—-20.3 ft
—-23.0 ft
—-23.9 ft
- -28.7ft
—-315ft
— -34.4 ft
—-37.2ft
— -40.0 ft

0 kip-ft

146 kip-ft

-588 kip-ft

Figure 74: Max Pile Moment - Load Case 9 (Section 2-Soil C4)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 588 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Pile Shear Capacity Check - Load Case 9 (Section 2- Soil C4)
Maximum pile moment (18” Diam. x %” WT pile) = 69.9 kips (See Figure 75 below)
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- 287 ft 5
- 315t :
— 344 ft
- 372 fit i
- 40,0 ft

=0 kips

59.9 kips
-33.1 kips

Figure 75: Max Pile Shear - Load Case 9 (Section 2 -Soil C4)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip
Actual of 69.9 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 9 (Section 2- Soil C4)

Maximum wale moment (12x12 8F12) = 134 ft-kip (See Figure 76 below)
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Figure 76: Max Wale Moment - Load Case 9 (Section 2-Soil C4)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 134 ft-kip <= Allowable of 283 ft-kip (Acceptable)

kAXCESS

194442

Axcess LLC Proprietary



San Jacinto Fender System Design Calculations — Rev B Page | 63
07/02/2024

Pile Displacement Check - Load Case 9 (Section 2 — Soil C4)
See Figure 77 below.

i Node 76 & 77

Figure 77: Displacement - Load Case 9 (Section 2-Soil C4)

Maximum Pile displacement of system at back face is on node 76 & 77 with a displacement of 121.2
in.
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3.6.4 Load Case 10— Section 3 Fender System — C4 Soil
The illustration of the nodes that are loaded are shown in Figure 78. Different iterations were
performed modifying the applied load. Energy calculations (see Table 12) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.
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Figure 78: Layout — Load Case 10 (Section 3 — Soil C4)
Table 12: Energy Calculations - Load Case 10 (Section 3 — Soil C4)
Load Deflection Energy
Node (Kips) (in) (ft-kips)
775 43 71.7 128.46
806 43 85.7 153.55
837 43 93 166.63
868 43 93 166.63
899 43 85.7 153.55
930 43 71.7 128.46
Total Energy (ft-kip) 897.27
EAC = 897.27 ft-kip > Emin = 829 ft-kip (Acceptable)
P‘ AXCE .
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Pile Moment Capacity Check - Load Case 10 (Section 3 — Soil C4)
Maximum pile moment (18” Diam. x %” WT pile) = 588 ft-kip (See Figure 79 below)

M Moment 2 | = ” =l ” £ |
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- 321 ft -
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- 375 ft :
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- 430 ft

136 kip-ft
588 kip-ft

Figure 79: Max Pile Moment - Load Case 10 (Section 3-Soil C4)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 588 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Maximum pile moment (18” Diam. x %” WT pile) = 67.5 kips (See Figure 80 below)

U Shear 3
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-34.8 ft
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-40.3 ft
-43.0 ft
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|

67.5 kips
-31.5 kips

Figure 80: Max Pile Shear - Load Case 10 (Section 3 -Soil C4)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip
Actual of 67.5 kips <= Allowable of 303.5 kips (Acceptable)
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Wale Moment Capacity Check - Load Case 10 (Section 3- Soil C4)

Maximum wale moment (12x12 8F12) = 135 ft-kip (See Figure 81 below)
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Figure 81: Max Wale Moment - Load Case 10 (Section 3-Soil C4)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 135 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 10 (Section 3 — Soil C4)
See Figure 82 below.

’ Node 20 & 21

Figure 82: Displacement - Load Case 10 (Section 3-Soil C4)

Maximum Pile displacement of system at back face is on node 20 & 21 with a displacement of 122.5
in.
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3.6.5 Load Case 11 — Section 4 Fender System — C4 Soil
The illustration of the nodes that are loaded are shown in Figure 83. Different iterations were
performed modifying the applied load. Energy calculations (see Table 13) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 83: Layout — Load Case 11 (Section 4 — Soil C4)

Table 13: Energy Calculations - Load Case 11 (Section 4 — Soil C4)

Load Deflection Energy
Node (kips) (in) (ft-kips)
1248 42 69 120.75
1279 42 82.6 144.55
1310 42 89.69 156.96
1341 42 89.69 156.96
1372 42 82.6 144.55
1403 42 69 120.75
Total Energy (ft-kip) 844.52

EAC = 844.52 ft-kip > Emin = 829 ft-kip (Acceptable)
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Pile Moment Capacity Check - Load Case 11 (Section 4 — Soil C4)
Maximum pile moment (18” Diam. x %” WT pile) = 573 ft-kip (See Figure 84 below)
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Figure 84: Max Pile Moment - Load Case 11 (Section 4-Soil C4)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 573 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Maximum pile moment (18” Diam. x %” WT pile) = 63.2 kips (See Figure 85 below)

U Shear 3
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— (0 kips
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Figure 85: Max Pile Shear - Load Case 11 (Section 4 -Soil C4)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip
Actual of 63.2 kips <= Allowable of 303.5 kips (Acceptable)

A‘AXCESS

194451

Axcess LLC Proprietary



San Jacinto Fender System Design Calculations — Rev B

Wale Moment Capacity Check - Load Case 11 (Section 4- Soil C4)

Maximum wale moment (12x12 8F12) = 131 ft-kip (See Figure 86 below)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 131 ft-kip <= Allowable of 283 ft-kip (Acceptable)

kAXCESS

194452

M

= |[@|[=]

-488.8 ft

-465.3 ft
-445.7 ft
-428.0 ft
-408.3 ft
-390.7 ft
-372.0ft
-353.3 ft
-334.7 ft
-316.0 ft
-297.3 ft
-278.T ft
-260.0 ft
-241.3 ft
F222.7 ft
-204.0 ft
-185.3 ft
-166.7 ft
-148.0 ft
-128.5 ft
-110.7 ft
-92.0 ft

REERD

-54.7 ft

-36.0 ft

-17.3 ft

--0.8 ft

Figure 86: Max Wale Moment - Load Case 11 (Section 4-Soil C4)

131 kip-ft

0 kip-ft

110 kip-ft

Page |72
07/02/2024

Axcess LLC Proprietary



San Jacinto Fender System Design Calculations — Rev B Page |73
07/02/2024

Pile Displacement Check - Load Case 11 (Section 4 — Soil C4)
See Figure 87 below.

Node 31 & 32

Figure 87: Displacement - Load Case 11 (Section 4-Soil C4)

Maximum Pile displacement of system at back face is on node 31 & 32 with a displacement of 118.2
in.
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3.6.6 Load Case 12 — Section 4 Fender System — C5 Soil
The illustration of the nodes that are loaded are shown in Figure 88. Different iterations were
performed modifying the applied load. Energy calculations (see Table 14) were performed until
the vessel impact energy equal to or above 829 ft-kip was achieved.

Figure 88: Layout — Load Case 12 (Section 4 — Soil C5)

Table 14: Energy Calculations - Load Case 12 (Section 4 — Soil C5)

Load Deflection Energy

Node (kips) (in) (ft-kips)
1961 38 79.37 125.67
1992 38 93 147.25
2023 38 100.4 158.97
2054 38 100.4 158.97
2085 38 93 147.25
2116 38 79.37 125.67
Total Energy (ft-kip) 863.77

EAC = 863.77 ft-kip > Emin = 829 ft-kip (Acceptable)

‘ | Y AXCESS Axcess LLC Proprietary

194454



San Jacinto Fender System Design Calculations — Rev B

Pile Moment Capacity Check - Load Case 12 (Section 4 — Soil C5)
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Maximum pile moment (18” Diam. x %” WT pile) = 578 ft-kip (See Figure 89 below)

M Moment 2

= ===

— 115 ft
— 8.8 ft
— 6.1 ft
— 3.3 ft
— 0.6 ft
201t
-4.8 ft
-T6ft
-10.3 ft
-13.0ft
-15.7 ft
-18.5 ft
-21.2 ft
-23.9ft
-26.6 ft
-20.4 ft
320 ft
-34.8 ft
-37.5ft
-40.3 ft
-43.0 ft

137 kip-ft

Figure 89: Max Pile Moment - Load Case 12 (Section 4-Soil C5)

Allowable Pile Design Capacity after statistical reductions = 591 ft-kip
Actual of 578 ft-kip <= Allowable of 591 ft-kip (Acceptable)
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Pile Shear Capacity Check - Load Case 12 (Section 4- Soil C5)
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Maximum pile moment (18” Diam. x %” WT pile) = 79.4 kips (See Figure 90 below)

v Shear 3

= ===

— 115 ft
— 8.8 ft
— 6.1 ft
— 3.3 ft
— 0.6 ft
201t
-4.8 ft
-T6ft
-10.3 ft
-13.0ft
-15.7 ft
-18.5 ft
-21.2 ft
-23.9ft
-26.6 ft
-20.4 ft
320 ft
-34.8 ft
-37.5ft
-40.3 ft
-43.0 ft

0 kips

=27 kips

Figure 90: Max Pile Shear - Load Case 12 (Section 4 -Soil C5)

Allowable Pile Shear Design Capacity after statistical reductions = 303.5 kip
Actual of 79.4 kips <= Allowable of 303.5 kips (Acceptable)

A‘AXCESS

194456

Axcess LLC Proprietary



San Jacinto Fender System Design Calculations — Rev B Page |77
07/02/2024

Wale Moment Capacity Check - Load Case 12 (Section 4- Soil C5)
Maximum wale moment (12x12 8F12) = 129 ft-kip (See Figure 91 below)

M = ==

-488.8 ft

~465.3 ft
-446.7 ft
~428.0 ft
-409.3 ft
-380.7 ft
-3T72.0 ft
-353.3 ft
-334.7 ft
-316.0 ft
-297.3 ft
-278.7 ft
-260.0 ft
-241.3 ft
-222.7 ft
-204.0 ft
-185.3 ft
-166.7 ft
-148.0 ft
-1249.3 ft
-110.7 ft
-92.0 ft

mEER

-54.7 ft

-36.0 ft

173 ft

--0.8 ft

0 kip-ft

T
y

129 kip-ft
-105 kip-ft

Figure 91: Max Wale Moment - Load Case 12 (Section 4-Soil C5)

Allowable Wale Design Capacity after environment reductions = 283 ft-kip
Actual of 129 ft-kip <= Allowable of 283 ft-kip (Acceptable)
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Pile Displacement Check - Load Case 12 (Section 4 — Soil C5)
See Figure 92 below.

Node 54 & 55

Figure 92: Displacement - Load Case 12 (Section 4-Soil C5)

Maximum Pile displacement of system at back face is on node 31 & 32 with a displacement of 136.7
in.
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4 Minimum Tip Analysis

Pile tip analysis in FB-MultiPier is done with a single cantilever pile model. The pile is loaded with a
transverse load that generates the failure moment in the pile. Then the unstable embedment depth
(Eo) is determined by raising the pile tip elevation until pile deflections become unreasonable or the
program does not converge on a solution. Once the unstable depth is identified the pile is lengthened 1’
at a time until a reaction moment occurs at the bottom of the pile allowing for an installation depth that
will cause the pile to fail before the soil.

4.1 Tip Analysis by Boring Location

4.1.1 18" DIAM. x %” WT PILE — C2 Soil
At pile length 54 ft (embedment of Ec=24 ft), the software no longer finds a solution (soil fails). See
Figure 93, this indicates the elevation at which the pile will tip over before it fails. Increasing the pile
length to 60 ft created a reaction moment at the bottom of the pile.

Figure 94 below shows the moment down the elevation of the pile to show the pile at its failure
moment based on the controlling minimum tip.

Supplied pile length for piles in soil C2 to be 61 ft (1’ for damage + 12" above the waterline + 48’ below
the waterline)

— e
— ‘ Analysis 1 of 1: Static X
Soil set 2 | Pile 1 | Pile Type 1
Elevation (ft) Status.  Non-convergence occurred for at least one load case.
C_____________________________________________|
2.0
00 VAXIMUM OUT-OF-BALANCE FORCES PER PIER:
PIER = 1 NODE = 44 FORCE = 3.6206E+00
100 PIER = 1 NODE = 1 MOMENT = 1.4258E-04
LOAD CASE = 1 ITERATION = 98
-20.0 MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
PIER - NODE = 4 FORCE = 3.6192E+00
Layer 1] Top: Cu=2e+02 Gamma=100 | Bottorn Cu=3.2e+02 Gammia=] 13 . PIER = 1 NODE = 1 MOMENT = 9.7324E-05
=360 LOAD CASE = 1 ITERATION = 99
400 VAXIMUM QUT-OF-BALANCE FORCES PER PIER:
Layer 2 | Top: Cu=3.3e+03 Gamma=130 | Bottom Cu=4.de+03 GamMs= 140 -42.0 PIER = 1 NODE = 44 FORCE = 3.5757E+00
-48.0 . PIER - 1 NODE = 3 MOMENT = 1.1456E-04
LOAD CASE = 1 ITERATION = 100
60,0 VAXTMUM GUT-OF-BALANCE FORCES PER PIER:
PIER = 1 NODE = FORCE = 3.6131E+00
PIER = 1 NODE = MOMENT = 1.8891E-04
-70.0
Layer 3 | Phi=37 Garmma=112
~808 CONVERGENCE REPORT .
-90.0
Convergence not achieved. |
-100.0 -100.0

Figure 93: Non-Convergence Pile Depth (Soil C2)
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M EEIEE]

— 120t
— 9.4 ft
— 6.3 ft
— 42 ft
16t
— -1.0 ft
- 37 ft
— 6.3 ft
— 8.0 ft
— 115 ft
— o141 ft
— 16,7 ft
— -10.4 ft
— 22,1 ft
248 ft
- 275 ft
- -30.3 ft
— 330 ft
35Tt
- 385 ft
— 412 ft
— 439 ft

0 kip-ft

— -48.0 ft

11.2 kip-ft
-580 kip-ft

Figure 94: Moment Diagram Down the Elevation (Soil C2)

Bending moment from tip analysis of 590 ft-kip is close to the design ultimate capacity of the pile (18”
x 3/4”) of 591 ft-kip.
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4.1.2 18" DIAM. x %” WT PILE — C3 Soil
At pile length 46 ft (embedment of Eo=25 ft), the software no longer finds a solution (soil fails). See
Figure 95, this indicates the elevation at which the pile will tip over before it fails. Increasing the pile
length to 52 ft created a reaction moment at the bottom of the pile.
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Figure 96 below shows the moment down the elevation of the pile to show the pile at its failure
moment based on the controlling minimum tip.

Supplied pile length for piles in soil C3 to be 53 ft (1’ for damage + 12" above the waterline + 40’ below

the waterline)

= =f=]

Soil Set 1 | Pile 1| Pile Type 1

Layer 1| Top: Cu=2e+02 Gamma= 100 | Bottom Cu=4.9¢+02 Gam

-29.01
-34.0
Layer 2 | Top: Cu=2.6e+03 Gamma=130 | Bottom Cu=4.4e+03 Garma= 140
-48.0
Layer 3 | Phi=37 Gamma=112
-100.0

Elevation (fty
12.0

-100.0

Analysis 1 of 1: Static

Status: Mon-convergence occurred for at least one load case.

MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
PIER = 1 NODE = 44 FORCE = §5.7020E-01

PIER = 1 NODE = 3 MOMENT = 6.0016E-08
LOAD CASE = 1 ITERATION = 98

MAXTMUM OUT-OF-BALANCE FORCES PER PIER:

PIER = 1 NODE = 44 FORCE = 5.7505E-01
PIER = 1 NODE = 1 MOMENT = 3.3452E-08
LOAD CASE = 1 ITERATION = 99

MAXTMUM OUT-OF-BALANCE FORCES PER PIER:

PIER = 1 NODE = 44 FORCE = 5.8011E-01
PIER = 1 NODE = 3 MOMENT = 4.0132E-08
LOAD CASE = 1 ITERATION = 100

MAXIMUM OUT-OF-BALANCE FORCES PER PIER:

PIER = 1 NODE = 44 FORCE = 5.8539E-01
PIER = 1 NODE = 1 MOMENT = 7.2840E-08

Convergence not achieved.

Figure 95:Non-Convergence Pile Depth (Soil C3)

===

- 120t
- 9.3t

- 6.5 ft

- 3.8 1t

- 1.0t

- 17t
— 44 ft
- 72t
- -104 ft
— 1321t
- -160ft
- -189ft
— 217 ft
- 245 ft
- -27.3 ft
- -30.1 ft
- -230ft
~ -35.8 ft

— -40.0 ft

122 kip-ft

0 kip-Ft

596 kip-ft

Figure 96: Moment Diagram Down the Elevation (Soil C3)

Bending moment from tip analysis of 596 ft-kip is close to the design ultimate capacity of the pile (18”

x 3/4”) of 591 ft-kip
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4.1.3 18" DIAM. x %" WT PILE — C4 Soil
At pile length 49 ft (embedment of Eo=24 ft), the software no longer finds a solution (soil fails). See
Figure 97, this indicates the elevation at which the pile will tip over before it fails. Increasing the pile
length to 55 ft created a reaction moment at the bottom of the pile.
M [=][=]=]

—120ft
— 04 ft

— 6.8 ft

—4.2ft

—1.6ft

—-1.0ft
—-3Tft
—-63ft
- -89 ft
—-11.5ft
—-140 ft
—-16.7 ft
—-19.4 ft
- 220 ft
—-24.8 ft
— 275 ft
—-30.3ft
—-33.0ft
~-35.7ft
—-385ft
- 412t
—-43.9 ft

0 kip-ft

— -48.0 ft

590 kip-ft

11.2 kip-ft

Figure 94 below shows the moment down the elevation of the pile to show the pile at its failure moment
based on the controlling minimum tip.

Supplied pile length for piles in soil C4 to be 56 ft (1’ for damage + 12’ above the waterline + 43" below
the waterline)

= TSTTEIEET M Ansbsis 1 of t:5tmtic
Soil Set 3 | Pile 1 | Pile Type 1
Elevation (i Status Non-convergence occurred for at least one load case.
12,0 ||
2.0 MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
oo PIER = 1 NODE = 30 FORCE = 1.5075E+00
PIER = 1 NODE = 15 MOMENT - 2.1469€-07
. L0AD CASE = 1 ITERATION = 98
MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
200 = - -1
Layer 1| Top: Cu=2e+02 Garnma=100 | Bottom Cu=4.9e+02 Garnm@s 19 G hEo & Bk T pHER
330 e LOAD CASE = 1 TTERATION = 99
== MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
Layer 2 | Top: Cu=3e+03 Gamma=130 | Bottom Cu=4.8e+03 Gamma= 140 -400 PIER = 1 NODE = 30 FORCE = 1.5068E+00
250 PIER - 1 NODE = 15 MOMENT = 2.0722E-07
=08 LOAD CASE = 1 TTERATION = 100
MAXTMUM OUT-OF-BALANCE FORCES PER PIER:
600 PIER = 1 NODE = 30 FORCE = 1.5066E+00
PIER = 1 NODE = 14 MOMENT - 2.6671E-07
700
Layer 3| Phi=a7 Gamma=112 T -
soo | ot CONVERGENCE REPORT
200 Convergence not achieved. |
=0 S

Figure 97:Non-Convergence Pile Depth (Soil C4)
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M o lle e

- 1201t :
- g2 ft
- Gaft
- 3.7t
- 0.9t
- 19 ft
- a7 ft . .
- 74t : :
- -10.2 ft ' '
- -13.0ft
- 15,7 ft
— 18,5 ft
- 2124t
- 239 ft
- -26.6 ft
—-20.4 ft : :
- 321 ft
- 348 ft : :
3754t
- -40.3 ft
- 430 ft

0 kip-ft

114 kip-ft
592 kip-ft

Figure 98: Moment Diagram Down the Elevation (Soil C4)

Bending moment from tip analysis of 592 ft-kip is close to the design ultimate capacity of the pile (18”
x 3/4”) of 591 ft-kip.

4.1.4 18" DIAM. x %” WT PILE — C5 Soil
At pile length 53 ft (embedment of Ec=22 ft), the software no longer finds a solution (soil fails). See
Figure 99, this indicates the elevation at which the pile will tip over before it fails. Increasing the pile
length to 59 ft created a reaction moment at the bottom of the pile.

Figure 100 below shows the moment down the elevation of the pile to show the pile at its failure
moment based on the controlling minimum tip.

Supplied pile length for piles in soil C4 to be 60 ft (1’ for damage + 12" above the waterline + 47’ below
the waterline)

= [ = =] Analysis 1 of 1: Static X
Soil Set4 | Pile 1| Pile Type 1
Elevation it Status:  Non-convergence occurred for at least one load case
120 |
20 MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
0.0 PIER = NODE = 30 FORCE = 3.5761E+00
PIER = 1 NODE = 13 MOMENT = 1.8926E-04
. LOAD CASE = 1 ITERATION = 98
MAXTMUM OUT-OF-BALANCE FORCES PER PIER:
-200 PIER = 1 NODE = 30 FORCE = 3.5482E+00
PIER = 1 NODE = 11 MOMENT = 3.6170E-04
Layer 1| Top: Cu=2e+02 Gamma= 100 | Bottom Cu=4.6e+02 Gam 19 -
_36.0 " LOAD CASE = 1 ITERATION = 99
MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
410 -400 PIER = 1 NODE = 30 FORCE = 3.5991E400
Layer 2 | Top: Cu=3.3e+03 Gamma= 130 | Bottom Cu=4.9e+03 Gamma=140 PIER - 1 NODE - 11 MOMENT —  8.2639E-04
-54.0 “s00) LOAD CASE = 1 ITERATION = 100
MAXIMUM OUT-OF-BALANCE FORCES PER PIER:
-60.0 PIER = 1 NODE = 30 FORCE = 3.386E+00
PIER = 1 NODE = 10 MOMENT = 2.0045E-04
700
Layer 3| Phi=37 Gamma=112 o CoWERGENCE REPORT -
-8ee Convergence not achieved.
-100.0) iy

Figure 99:Non-Convergence Pile Depth (Soil C5)
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M (===

—12.0ft

0 kip-ft

— 5.6 ft
— 50 ft
- 17
— 18t
- 5.2t
- 87 ft
AR
— 156 ft

—-19.0ft
- 215 ft
- 240 ft
- -26.6 ft
- 2.2 ft
- 31T ft
—-34.3 ft
— -36.8 ft
— -394 ft
—-41.9 ft
— 445 ft
—-47.0ft

9.62 kip-ft
-590 kip-ft

Figure 100:Moment Diagram Down the Elevation (Soil C5)

Bending moment from tip analysis of 590 ft-kip is close to the design ultimate capacity of the pile (18”
x 3/4”) of 591 ft-kip
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5 FRP Splice Plate Calculations

Based on the calculations below the FRP splice plate thickness required is 3/4" thick and the
ASTM A193 B8M hardware required is 1.25" diameter.

For the bolt capacity calculations, it is assumed that 4 of the threaded rods equally divide the
impact loading across the splice. The HDPE plastic in the plastic lumber wales is ductile and
will start to deform before the shear capacity of the threaded rod is reached. The design of
these spliced members is to carry the full moment capacity of the wale through the splice,
but there will be damage to the plastic lumber wale at that magnitude of impact loading.

Splice Connection Threaded Rod Checks
d:=1.25 in Diameter of ASTM A193 B8M 316ss bolt
fui=75 ksi Minimum ultimate tensile stress of ASTM A193 B8M 316ss bolt
Ty =f,0.6=45 ksi Ultimate shear capacity of ASTM A193 B8M 316ss bolt
2
= [g) w=1.23 in®  Cross sectional area of ASTM A193 B8M 316ss bolt
T, =T, =55.2 kip Ultimate shear capacity of ASTM A193 B8M 316ss bolt

My oz =283 fl-kip Ultimate moment capacity of 12x12 8F12 wale section

1:=96 in Span between supports of 12x12 8F12 wale section
(4 M,y 1) i _ i 11 .
Pmt::f:HLH kip  Mid span load to fail 12x12 8F12 wale section in bending
P tied ™= ™ —70.75 kip Shear load applied to bolts in double shear
.4
(e = . S B EY' Safety factor on bolt failure >1 means the wale fails first
applied ACCEPTABLE

‘ | Y AXCESS Axcess LLC Proprietary
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Splice Connection FRP Plate Checks
h:=10.75 in Height of FRP splice plate
t:=0.75 in Thickness of FRP splice plate
fru:=65.7 kst Ultimate in plane flexural strength of FRP splice plate
1 !
My =={E*t-h?‘] «fu=T9.1 fl-kzp Ultimate moment capacity of each FRP splice plate
s:i=24 1n Center to center spacing of FRP splice plate bolt groups. Based on
FEA analysis this is a good approximation of the span for simple
analysis.
{Fﬂumwm"g} | ¥ . L -
M‘._,_M:T'*Ez.m.d ftekip Actual moment loading per FRP splice plate
M, i ) I
pp=—"—=2.236 Safety factor on FRP splice plate failure =1 means
Mp ser the wale fails first ACCEPTABLE

Wiort bl Shwid (olin®

TEE1S

STase B

— FEA is oriented 90 degrees from in service orientation. Load is
o applied to the wale (red arrows) to simulate the maximum
- moment capacity of the wale. This is utilized to provide the
- basis of the center to center spacing of the bolt group.

The ultimate pin bearing capacity of the FRP splice plate exceeds the shear capacity of the
316ss threaded rod.

P&mr‘iﬂg =60.45 ks Upin.bearing = Tn
U pin bearing™ Phearing* 4+ t=56.7 kzp Greater than the ultimate shear capacity
of threaded rod. ACCEPTAELE.
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6 Material Maintenance

The 18” OD FRP Pipe Piles and 12”x12” Fiberglass Reinforced Plastic Lumber (FRPL) Wales are
expected to offer a 50+ year maintenance-free service life. Both products are very durable and
designed for long term exposure in the aggressive, marine environment. The FRP Pipe Piles have
been in service for 20+ years while the FRPL Wales have been in service for 30+ years on hundreds
of fendering projects throughout the USA and internationally. Neither the FRP Pipe Piles, nor the
FRPL Wales require any periodic maintenance to preserve the structural integrity of the members.

The recommended repair procedure provided in appendix D for the wales states the following:
“SeaPile & SeaTimber are incredibly durable. There is no need to patch or repair abrasions, cuts or
grooves for any other reason than aesthetics.”

‘ | Y AXCESS Axcess LLC Proprietary
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CREATIVE
PULTRUSIONS

For additional information about CPI composite piling products, or to learn how to
lower your costs while increasing performance, contact a technical representative at
888-CPI-PULL (274-7855), or visit our website at www.creativepultrusions.com.

214 Industrial Lane, Alum Bank, PA 15521 PRODUCT BROCHURE

Phone 814.839.4186 « Fax 814.839.4276 « Toll Free 888.CPI.PULL S U P E RPI I-E®

www.creafivepulfrusions.com FIBERGLASS REINFORCED POLYMER (FRP) PIPE PILES
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Creative Pultrusions, Inc. reserves the right to edit and modify literature,

©2014 Creative Pulirusions Printed in the USA CPM234-1213.1C please consult the web site for the most current version of this document.

DLR: August 11, 2015

194468


mwatt
Text Box
Appendix A


PROVIDING
LEADERSHIP IN

CPI PIPE PILES

The SUPERPILE® product line was developed
based on what owners, end users, engineers and
contractors value in a pipe pile.

FRP PIPE PILE
TECHNOLOGY
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Creative Pulirusions, Inc. (CPI) is the world leader

in pulfrusion manufacturing. Our commitment to
continuous process and product improvement has
fransformed CPI into a world-renowned puliruder
specializing in custom profiles while utilizing high-
performance resins and our proprietary high-pressure
injection pulfrusion technology.

As the world’s most innovative leader in the FRP
pultrusion industry, over the last two decades, we've
developed structural systems that out perform and
outlast structures built with fraditional materials

of construction. CPl has continued to build upon
their reputation by infroducing a pipe pile product
line known as SUPERPILE®. Developed to provide
superior performance in harsh marine environments,
SUPERPILE® has been developed to drive faster and
last longer than traditional piles.

WHAT IS PULTRUSION?

Pultrusion is a continuous manufacturing process
utilized to make composite profiles with constant
cross-sections whereby reinforcements, in the form of
roving and mats, are saturated with resin and guided
into a heated die. The resin undergoes a curing
process known as polymerization. The once resin
saturated reinforcements exit the die in a solid state
and in the form of the cross section of the die. The
pultrusion process requires little labor and is ideal for
mass production of constant cross section profiles.

WHAT DO OWNERS VALUE IN SUPERPILE®?

* Longevity - Significant Reductions of Future
Capital Expenditures

* Maintenance - Significant Reductions of Future
Maintenance Expenditures

e Aesthetics - No Rust Marks, Spalling, Rofting or
Section Loss

e Green - Low Embodied Energy

* Environmentally Friendly - Will Not Leach
Dangerous Pesticides, Antifungal or Preservatives
intfo the Environment

WHAT DO END USERS VALUE IN SUPERPILE®?

¢ Functionality - Performs as Designed and Infended
¢ Aesthetics - Professional Look
¢ Performance - Protects Your Boat and Structures

WHAT DO ENGINEERS VALUE IN SUPERPILE®?

¢ Engineered Product - Unlike Wood, FRP is an
Engineered Product with a Low Coefficient of
Variation (COV)

* High Strength - Pound for Pound Stronger than
Steel, Concrete and Wood

¢ Low Modulus of Elasticity - Dissipates Vessel
Impact Energy

e Versatile - Can Be Used as a Foundation Bearing,
Dock or Fender Pile

* Reliable - Design Values Are Based on a 95%
Confidence Value

e Design - Can Be Designed Based on Load and
Resistance Factor Design (LRFD) or Allowable Stress
Design (ASD)

¢ Factory Made - Manufactured in an Environmentally
Confrolled Complex to Stringent Quality Assurance
(QA) Standards

WHAT DO CONTRACTORS VALUE IN SUPERPILE®?

* Significant Shipping Savings

* Dirills and Cuts 2x Faster Than Thermoplastic
Polymer Piles

 Driven with Standard Pile Driving Equipment

¢ Lightweight - 1/10th the Weight of a Concrete
Pile and 1/4th the Weight of Steel

* Field Drillable

e Ease of Fabrication with Traditional
Construction Tools



PDA Analysis, Virginia PILE CONSTRUCTION

SUPERPILE® Composite Pipe Pile

is manufactured with electrical
grade fiberglass and high impact,
high strength polyurethane

resin. The combination of the
advanced resin and high

strength glass produces a superior
strength, highly corrosion resistant

pipe pile.
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