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May 21, 2025 

ADDENDUM NO. 2 

Skagit County Public Works May 21, 2025 

2025 Waste Storage Facility Construction 

NOTICE TO PROSPECTIVE BIDDERS 

NOTICE IS HEREY GIVEN that the Contract Provision and Plans have been modified as follows: 

THE FOLLOWING CHANGES HAVE BEEN MADE TO THE CONTRACT PROVISIONS: 

Appendix F – Vicinity Maps and Plans is supplemented to include template designs created by 
Peterson Structural Engineers that were shared with us from Skagit Conservation District to be used in 
supplement with the Fitzgerald WSF Roof Drainage and Concrete Apron Designs, produced by Skagit 
County. The supplemental documents include “Stock Agricultural Waste Storage Facility – Design 
Criteria Memorandum,” “Fitzgerald 2024-02-09 Stock Agricultural WSF Stamped Structural Drawings,” 
and stamped “Structural Design Calculations.” Please note the structural drawings detail construction 
for up to four (4) storage bins, but our project will only entail two (2) storage bins. Documents attached.



 

 

 

 

February 9, 2024 

Emmett Wild 

Skagit Conservation District 

2021 E. College Way Suite 203 

Mount Vernon, WA 98273 

360.428.4313 

 Project #: 2302-0069 

RE: Stock Agricultural Waste Storage Facility – Design Criteria Memorandum 

To Whom it May Concern - 

The following memorandum has been generated by Peterson Structural Engineers (PSE) to summarize the 

structural design criteria and loading considered for the 10-Foot Bin Waste Storage Facility (WSF) Stock Structure 

Standard Design. The following memorandum, in conjunction with the provided structural drawings and 

structural design calculations (dated February 9, 2024 and collectively referred to as the “design documents”), 

may be used by Skagit, Whatcom, Whidbey Island, and San Juan Island Conservation Districts to determine 

project design applicability in the subject counties.  

The subject WSF structural design as detailed in the structural drawings shall only be constructed in regions 

where all of the criteria outlined herein are met. The structural design shall not be implemented where any of 

the criteria outlined herein are not met, unless otherwise reviewed and approved by a Professional Engineer 

licensed in Washington State. The structural design is a standard design that may require adaptation for a specific 

use or site. Any design alterations or deviations from the design documents shall be reviewed and approved by 

a Professional Engineer licensed in Washington State. 

Appended to this memorandum are design criteria references as provided by the Skagit, Whatcom, Whidbey 

Island, and San Juan Island Counties as well as excerpts from the American Society of Civil Engineers Standard 7-

16 (ASCE 7-16), Minimum Design Loads for Buildings and Other Structures. The provided excerpts may be used 

as an aid in determining project design applicability in the subject counties.   

General Standards 

All work shall be in strict conformance with the 2021 International Building Code (2021 IBC) as amended by the 

State of Washington as well as the applicable United States Department of Agriculture (USDA) National 

Resources Conservation Service (NRCS) Standards. The subject WSF structural design is only applicable under 

the 2021 IBC and is not permitted for use under future code adoption cycles without written approval by PSE. 

Following future building code adoption, PSE may be consulted to review, update, and reissue the design for 

use.  

The subject WSF structural design is considered a Risk Category I structure per the 2021 IBC and ASCE 7-16. Per 

Section C1.5.1 of ASCE 7-16, “Risk Category I structures generally encompass buildings and structures that 

normally are unoccupied and that would result in negligible risk to the public should they fail.” Uses and 

occupancies of the structure which conform to higher Risk Categories are not permitted.  



 

 
 

Location 

The subject WSF structural design shall only be applicable to regions within Skagit, Whatcom, Whidbey Island, 

and San Juan Island Counties in Washington State where in conformance with the criteria outlined herein.  

Bin Types 

Per the structural drawings, the owner/contractor are provided the following options for bin construction: 

• Reinforced Concrete Walls 

o Height: 4’-0” 

o Thickness: 0’-6” 

o Reinforcing: See structural drawings 

• Precast Ecology Block Walls 

o Height: 4’-0” 

o Block geometry:  

▪ Width: 2’-0” 

▪ Height: 2’-0” 

▪ Length: 4’-0” (full block) and 2’-0” (half block). Block types shall be as noted in the 

structural drawings. 

General Requirements 

Per the structural drawings, the owner/contractor are provided the option of using a 2-bin, 3-bin, or 4-bin 

configuration. This subject design is not applicable to layouts or bin configurations other than those detailed in 

the structural drawings. Summarized below are the primary geometric requirements for the structure: 

• Internal bin size: 10’-0” x 10’-0” clear 

• Retained exterior backfill height: Up to 3” below the top of wall 

• Front beam soffit elevation (vertical entry clearance): 10’-0” above top of slab (6’-0” above top of wall) 

• Roof slope: 2V:12H (approximately = 9.46°) 

• Slab slope: 2% to back wall 

• Foundation thickness: 

o At footing edges: 1’-0” minimum 

o Interior slab region: 0’-6” minimum 

• Geometry: See structural drawings 

Maintenance of Structure 

Portions of the structure will be exposed to weather, contact with stored waste, and other conditions that 

promote material deterioration. The owner should routinely observe material conditions and perform 

maintenance as needed to ensure structural soundness. When material deterioration occurs, owner shall repair 

or replace impacted members. Furthermore, structural damages that result from storage operations or 

machinery should be reviewed by a Professional Engineer licensed in the State of Washington to determine 

repairs. Alternatively, the member may be replaced in kind and connected as detailed in the design documents. 

The owner or contractor is responsible for any shoring required to support the structure during member 

placement.  



 

 
 

Live Loads  

The subject WSF structural design shall only be applicable to the following live loads: 

• Floor Distributed Load: Shall not exceed 250psf 

• Flood Concentrated Load: Shall not exceed 8,000lb 

• Retaining Wall Vertical Surcharge Load: Shall not exceed 250psf 

Snow Loads 

The subject WSF structural design shall only be applicable to regions that meet the following snow load criteria: 

• Ground Snow Loads: Shall not exceed 40.0-psf 

• Flat Roof Snow Loads: Shall not exceed 30.0-psf 

Wind Loads 

The subject WSF structural design shall only be applicable to regions that meet the following wind load criteria: 

• Wind Exposure: Exposures B through D are acceptable 

• Basic Wind Speed per ASCE 7-16: Shall not exceed 100-mph 

• Topographic Factor: Kzt shall not exceed 1.5 

Seismic Loads 

The subject WSF structural design shall only be applicable to regions that meet the following seismic load criteria: 

• Site Class: Class A through D are permitted. Structural design has assumed Site Class D. Design is not 

valid for Site Class E and Site Class F. 

• Mapped Short Spectral Response, SS ≤ 1.50g 

• Mapped Spectral Response at 1-second, S1 ≤ 0.60g 

• Design Short Spectral Response, SDS ≤ 1.30g 

• Design Spectral Response at 1-second, SD1 ≤ 0.8 

• Seismic Response Coefficient, CS ≤ 0.80 

For more information on site-specific loading, refer to ASCE 7-16 and ATC Hazard Maps1. 

The design criteria outlined herein may not capture all load scenarios across the applicable regions. PSE is not 

responsible for the regulation or oversight of design implementation and construction for the subject WSF 

design. Applicability of the subject WSF structural design shall be regulated by the Conservation Districts in strict 

conformance with the provided design documents.  

Site civil, architectural (including waterproofing and flashing), and any other nonstructural elements are outside 

of PSE’s scope of work. All construction shall be in strict conformance with the 2021 IBC and USDA NRCS 

standards.  

  

 
1 https://hazards.atcouncil.org/ 

https://hazards.atcouncil.org/


 

 
 

Please don’t hesitate to contact us if you have any questions.  

Sincerely, 

 

 

 

 

 

Bill Sandbo, PE, SE, LEED AP 

Principal 

Peterson Structural Engineers, Inc. 

 

Sent via email to Emmett Wild on 2/9/2024 <emmett@skagitcd.org>  

02/
09/

202
4



 

 
 

Appendix Table of Contents 

Appendix Table of Contents .................................................................................................................................... 5 

Appendix A - County Provided Design Criteria ........................................................................................................ 6 

Skagit County....................................................................................................................................................... 6 

Whatcom County ................................................................................................................................................ 7 

Island County ....................................................................................................................................................... 8 

San Juan Island County ........................................................................................................................................ 9 

Appendix B – ASCE 7-16 Design Criteria Excerpts ................................................................................................. 10 

Wind Speed Map ............................................................................................................................................... 10 

Ground Snow Loads .......................................................................................................................................... 11 

Seismic Ground Motions ................................................................................................................................... 12 

 

 

 

  



 

 
 

Appendix A - County Provided Design Criteria 

Skagit County 

 

Figure 1: Skagit Roof Snow Load Map - URL: https://www.skagitcounty.net/Maps/iMap/?mapid=8fe801e1318643c9bfef288efb64c85f  



 

 
 

Whatcom County 

 

Figure 2: Whatcom County Climatic and Geographic Design Criteria - URL: https://www.whatcomcounty.us/542/Snow-Loads  



 

 
 

Island County 

 

Figure 3: Island County 2018 Table 301.2(1) Climatic and Geographic Design Criteria – URL: 
https://www.islandcountywa.gov/547/Building-Codes 

Figure notes:  

1. Design criteria shown above is for the 2018 IBC and ASCE 7-16. Some design criteria may be updated 

under the 2021 IBC. PSE recommends contacting the local Building Department for more information. 

2. Wind loads generated per the 2021 IBC and ASCE 7-16 are based on the basic wind speed. Ultimate wind 

speed as listed above is applicable to the 2021 International Residential Code (IRC). Subject design is 

based on the 2021 IBC/ASCE 7-16 design criteria and loads.   



 

 
 

San Juan Island County 

 

Figure 4: San Juan County Construction Regulations and Design Criteria - URL: 
https://www.sanjuancountywa.gov/DocumentCenter/View/11661/Construction-Regulations--Local-Design-Criteria---PDF?bidId= 

Figure note: Wind loads generated per the 2021 IBC and ASCE 7-16 are based on the basic wind speed. Ultimate 

wind speed as listed above is applicable to the 2018 International Residential Code (IRC). Subject design is based 

on the 2021 IBC/ASCE 7-16 design criteria and loads.   



 

 
 

Appendix B – ASCE 7-16 Design Criteria Excerpts 

Wind Speed Map 

 

Figure 5: Basic Wind Speed Map for Risk Category I Buildings and Other Structures, Excerpt from Figure 26.5-1A of ASCE 7-16. 

  



 

 
 

Ground Snow Loads 
Table 1: Ground Snow Loads for Selected Locations in Washington, Excerpt from Table 7.2-5 of ASCE 7-16. 

  



 

 
 

Seismic Ground Motions 

 

Figure 6: SS Risk Targeted Maximum Considered Earthquake (MCER) Ground Motion Parameter from the Conterminous United States for 
0.2-s Spectral Response Acceleration (5% of Critical Damping), Excerpt from Figure 22-1 of ASCE 7-16 



 

 
 

 

Figure 7: S1 Risk-Targeted Maximum Considered Earthquake (MCER) Ground Motion Parameters for the Conterminous United States for 
1.0-s Spectral Response Acceleration (5% of Critical Damping), Excerpt from Figure 22-2 of ASCE 7-16. 
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80% OF f'c BEFORE
BACKFILLING TYP.

UNDISTURBED NATIVE SOIL OR 6"
MIN. COMPACTED SUBGRADE TO
95% COMPACTION PER ASTM D1557

ROUGHEN JOINT
TO 14" AMPLITUDE

MATCH WALL
REINF. SIZE &
SPACING, ALT.
HOOKS

3-3

3-3

TYP. VERT.
WALL REINF PER
DETAIL

TYP. HORIZ.
WALL REINF.
PER DETAIL

MATCH WALL
REINF. SIZE &
SPACING, ALT.
HOOKS

TYP. VERT.
WALL REINF PER
DETAIL

BAR @ CORNER

TYP. HORIZ.
WALL REINF.
PER DETAIL

3-3

3-3

STAGGER LAPS, DO NOT
LAP SPLICE >50% OF
REINFORCING AT ANY
LOCATION

TYPICAL
REINFORCING

TYP. VERT. BAR
SPACING PER DETAIL

TYP. WALL HORIZ. BARS
SPACING PER DETAIL

4"Ø
PERFORATED
DRAIN PIPE,
SLOPE TO DRAIN

UNDISTURBED NATIVE SOIL OR 6"
MIN. COMPACTED SUBGRADE TO
95% COMPACTION PER ASTM D1557

(4) CONT. BARS IN
THICKENED EDGE,
MATCH SLAB
REINF.

BARS MATCH
SLAB REINF. &
SPACING

TYP. SLAB
REINFORCING E.W.
SEE SPACING PER
DETAIL

SAWCUT OR FORM 14"
JOINT FILLER W/
FLEXIBLE JOINT SEALER

SLAB PER PLAN

(6) CONT BARS
IN FOOTING,
MATCH SIZE TO
SLAB REINF.

TYP. SLAB REINFORCING:
SEE SPACING

PER DETAIL

CIP CONTROL JOINT LOCATION SCHEDULE

CIP 2-BIN CIP 3-BIN CIP 4-BIN

a 10'-0" 10'-0" 10'-0"
b 13'-6" 14'-0" 10'-6"
c - 10'-0" 14'-0"
d - - 10'-0"

CONTROL JOINT
LOCATION PER
SCHEDULE

a

a

a

b

b

c

b c d

CJ

CJ CJ

CJCJ CJ

WALL FOOTING
PER PLAN
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10'-0"
TYP.

10'-0"
TYP.

FOUNDATION WIDTH
PER WSF FOUNDATION

SCHEDULE

1'-0"

FOUNDATION LENGTH
PER WSF FOUNDATION

SCHEDULE
1'-0"

2'-0"

1'-0"

ROOF FRAMING
WIDTH PER
SCHEDULE

1'-6"
OVERHANG

ROOF FRAMING
LENGTH PER
SCHEDULE

1'-6"
OVERHANG

1'-6"
OVERHANG

1'-6"
OVERHANG

10'-8"

1'-8 3/4"

1'-8 3/4"

11'-0" 13'-0" 11'-0"

DIM. PER ROOF
FRAMING PLAN

REVISIONS
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B
LO

C
K
 O

PT
IO

N
 -

FO
U

N
D

A
TI

O
N

 A
N

D
R
O

O
F 

PL
A
N

CL BRACE, TYP.

POSTS AND BRACES OFF
CENTER TO AVOID CONFLICT

WITH BLOCK KEYS

ECOLOGY BLOCK WSF FOUNDATION SCHEDULE

ECOLOGY BLOCK
BIN

CONFIGURATION

TOTAL
FOUNDATION

LENGTH

TOTAL
FOUNDATION

WIDTH
EB 2-BIN 28'-0" 15'-0"
EB 3-BIN 40'-0" 15'-0"

EB 4-BIN 52'-0" 15'-0"

ECOLOGY BLOCK ROOF FRAMING SCHEDULE

ECOLOGY BLOCK
BIN

CONFIGURATION

ROOF PLAN
LENGTH

ROOF PLAN
WIDTH

EB 2-BIN 26'-5"1/2 14'-1"1/2

EB 3-BIN 38'-5"1/2 14'-1"1/2

EB 4-BIN 50'-5"1/2 14'-1"1/2

6X12 DF/L
#2 BEAM, TYP.TREATED 2X10 HF/L

#2 FASCIA, TYP.

ROOF SHEATHING
PER PLAN

TREATED
2X10 HF/L #2
FASCIA, TYP.

℄ POST
TREATED 6X6 HF/L #1
POST BELOW, TYP.
SPACING PER
POST SCHEDULE

2X8 DF/L #2 RAFTERS
@24" o.c., TYP.

2X FULL DEPTH DF/L
#2 BLOCKING
@ BEAMS, TYP.

℄ BEAM

℄ BEAM

℄ POST ℄ POST ℄ POST

SHEET NOTES:
1. CONTRACTOR/OWNER'S OPTION TO USE

2-BIN, 3-BIN OR 4-BIN CONFIGURATION.
2. TREAT ALL CUT ENDS OF TREATED LUMBER

FOR EXTERIOR EXPOSURE.
3. GUTTERS, DRIP EDGE, AND FLASHING BY

OTHERS. NOT SHOWN FOR CLARITY.

ROOF FRAMING
PLAN ORIENTATIONROOF SURFACE

2% SLOPE

2:12
SLOPE

2% SLOPE 2% SLOPE

CONTROL JOINT
AND LOCATION
PER DETAIL,
TYP.

NOTE:
CONTRACTOR MAY USE A
COMBINATION OF HALF BLOCKS
(2'X2'X2') AND FULL BLOCKS
(4'X2'X2') TO ACHIEVE THE BIN
GEOMETRY SHOWN

NOTE: DIMENSIONS TAKEN AS
HORIZONTAL PROJECTIONS BASED
ON ANGLE OF ROOF SURFACE

a

e

ECOLOGY BLOCK POST SPACING SCHEDULE

EB 2-BIN EB 3-BIN EB 4-BIN

a 11'-0" 11'-0" 11'-0"
b 12'-0" 13'-0" 13'-0"
c - 11'-0" 11'-0"
d - - 12'-0"
e 10'-8" 10'-8" 10'-8"

b c d

DETAIL NOTE:
CONTROL JOINT
AND LOCATION
PER DETAIL,
TYP.

TRANSITION IN
FOUNDATION

THICKNESS, TYP.

2X FULL DEPTH
DF/L #2 BLOCKING
@SHEATHING PANEL
EDGES, LOCATIONS
SHOWN SCHEMATICALLY,
TYP. FULL ROOF

TREATED 6X6 HF/L
#1 POST, TYP.

NOTE:
POST SPACING IS NOT
UNIFORM ON ECOLOGY
BLOCK OPTION TO
AVOID CONFLICT WITH
BLOCK KEYS
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4'-0"

10'-0" CLEAR
INSIDE OF BIN

TYP.

1'-0"

6'-0"

45°

1'-6"
OVERHANG

MIN.

1'-6"
OVERHANG

 MIN.

REVISIONS
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O
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B
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C
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 O

PT
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N
 -
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EV

A
TI

O
N

 A
N

D
 S

EC
TI

O
N

S

TYP. BEAM
CONNECTION
PER DETAIL

EDGE BEAM
CONNECTION
PER DETAIL

NO BEAM
SPLICE AT
END POST,
TYP.

2X8 DF/L #2 RAFTERS
@24" o.c., TYP.

6X12 DF/L #2
BEAM, TYP. (2)
LOC.

2X FULL DEPTH
DF/L #2
BLOCKING @
BEAMS, TYP.

ROOF ASSEMBLY
PER NOTES

TREATED 6X6
HF/L #1 POST,
TYP.

TREATED 2X10
HF/L #2 FASCIA,
TYP.

FOUNDATION
LINE BEYOND,
TYP.

BEAM SPLICE
AT INTERIOR
POST, TYP.

TYP. BACK WALL
BRACE PER
DETAIL

GRADE

15/32" APA RATED
SHEATHING w/8d NAILING
@6" o.c. EDGE FRAMING
& 12" o.c. FIELD

TREATED 2X10 HF/L
#2 FASCIA, TYP.

DBL. TREATED 2x8
HF/L #2 BRACE

TREATED 6x6
HF/L #1 POST

ROOF ASSEMBLY
PER NOTES

GUTTERS BY OTHERS
AND NOT SHOWN FOR
CLARITY, DRIP EDGE AND
FLASHING PER MANU., TYP.

TYP. SIDE/INTERIOR
WALL FRONT BRACE
PER DETAIL

TYP. SIDE/ INTERIOR
WALL BACK BRACE
CONNECTION PER
DETAIL

TYP. ROOF
CONNECTION
PER DETAIL

COMPACTED
SUBGRADE

H1 HURRICANE TIES
(INTERIOR RAFTERS),
ALTERNATE SIDES OF
BEAM @ EA. RAFTER,
TYP.

ROOF ASSEMBLY NOTES:
· ROOF ASSEMBLIES, UNDERLAYMENT, AND ATTACHMENT

SHALL BE IN CONFORMANCE WITH CHAPTER 15 OF THE
2021 IBC WITH WASHINGTON AMMENDMENTS.

· ROOF ASSEMBLIES SHALL BE CAPABLE OF RESISTING THE
DESIGN LOADS SUMMARIZED ON SHEET S1.

· CONTRACTOR/OWNER OPTION TO USE METAL ROOF
PANELS OF COMPOSITE (SYNTHETIC) SHINGLES.
UNDERLAYMENT, INSTALLATION, AND ATTACHMENT SHALL
BE PER MANUFACTURE INSTALLATION INSTRUCTIONS

2X FULL DEPTH
DF/L #2 BLOCKING
@SHEATHING
PANEL EDGES, TYP.
FULL ROOF

CONTRACTOR/OWNER'S
OPTION TO INCLUDE A
FULL SIZE BLOCK HERE
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VARIES,
1'-0" MIN.

3" CLR.

2" CLR.

3"
CLR.

1'-0"

4'-0"

3" MIN.

3'-0"

45°

5 1/2"

5 1/2"

3" CLR.

2" CLR.

 9" MIN. 6"

2'-6"

45°

3"
CLR.

3" CLR.

6"

1'-0"

45°

1'-0"
MIN.

LAP SPLICE
PER NOTE

1.3X LAP MIN.

SLAB
THICKNESS

VARIES

1"1/2

REVISIONS
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O
N

 D
ET

A
IL

S

4"Ø
PERFORATED
DRAIN PIPE,
SLOPE TO DRAIN

(7) CONT BARS
IN FOOTING,
MATCH SIZE TO
SLAB REINF.

TYP. SLAB REINFORCING:
SEE SPACING
PER DETAIL

UNDISTURBED NATIVE SOIL OR 6"
MIN. COMPACTED SUBGRADE TO
95% COMPACTION PER ASTM D1557

BARS MATCH
SLAB REINF. &
SPACING

1V:1H MAX
OVER-EXCAVATION SLOPE,
ALLOW CONC. TO REACH
80% OF f'c BEFORE
BACKFILLING TYP.

UNDISTURBED NATIVE SOIL OR 6"
MIN. COMPACTED SUBGRADE TO
95% COMPACTION PER ASTM D1557

4"Ø
PERFORATED
DRAIN PIPE,
SLOPE TO DRAIN

UNDISTURBED NATIVE SOIL OR 6"
MIN. COMPACTED SUBGRADE TO
95% COMPACTION PER ASTM D1557

(4) CONT. BARS
IN THICKENED
EDGE, MATCH
SLAB REINF.

BARS MATCH
SLAB REINF. &
SPACING

TYP. SLAB
REINFORCING E.W.
SEE SPACING PER
DETAIL

#4 HORIZ. BAR
IN CURB

TYP. SLAB REINFORCING:
SEE SPACING
PER DETAIL

STAGGER LAPS, DO NOT
LAP SPLICE >50% OF
REINFORCING AT ANY
LOCATION

TYPICAL
REINFORCING

#4x            @24" o.c.
9

12

ECOLOGY BLOCK CONTROL JOINT LOCATION SCHEDULE

EB 2-BIN EB 3-BIN EB 4-BIN

a 12'-0" 12'-0" 12'-0"
b 16'-0" 16'-0" 12'-0"
c - 12'-0" 16'-0"
d - - 12'-0"

a

a

a

b

b

c

b c d

SAWCUT OR FORM 14"
JOINT FILLER W/
FLEXIBLE JOINT SEALER

SLAB PER PLAN

CONTROL JOINT
LOCATION PER
SCHEDULE

WALL FOOTING
PER PLAN

WALL BLOCKS SHALL
INTERLOCK

WHERE BACKFILLED,
MIN. 12" THK. VERTICAL
LAYER OF WASHROCK

LEVEL GRADE FOR
MIN. 4-FEET BEHIND
BACK OF WALL

WALL BLOCKS SHALL
INTERLOCK

(6) CONT BARS
IN FOOTING,
MATCH SIZE TO
SLAB REINF.

BARS TO MATCH
SLAB REINF. &
SPACING

CJ

CJ CJ

CJCJ CJ
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ROOF ASSEMBLY
PER NOTES ON
SHEET S3 OR S6

15
32" APA RATED

SHEATHING w/8d
NAILING @6" o.c.
EDGE FRAMING & 12"
o.c. FIELD

2X8 DF/L #2
RAFTERS @24" o.c.,
TYP.

AC6 POST
CAP

H1 HURRICANE TIES
ALTERNATE SIDES OF
BEAM @ EA. RAFTER,
TYP.

2X FULL DEPTH DF/L #2
BLOCKING BETWEEN
RAFTERS @ BEARING
POINTS, A35 ANGLE TO
BEAM BELOW, TYP.

6X12 DF/L #2
BEAM

BEAM SPLICE
@INTERIOR
POSTS
w/LTP4

AC6 POST
CAP

2X8 DF/L #2
RAFTERS @24" o.c.,
BIRDSMOUTH NOTCH
@BEAMS

H1 HURRICANE TIES
ALTERNATE SIDES OF
BEAM @ EA. RAFTER,
TYP.

15
32" APA RATED

SHEATHING w/8d
NAILING @6" o.c.
EDGE FRAMING & 12"
o.c. FIELD

ROOF ASSEMBLY
PER NOTES ON SHEET
S3 OR S6

6X12 DF/L  #2
BEAM

2X FULL DEPTH DF/L #2
BLOCKING BETWEEN
RAFTERS @ BEARING
POINTS, A35 ANGLE TO
BEAM BELOW, TYP.

SHEET NOTE
DETAILS ON THIS SHEET ARE
APPLICABLE TO BOTH CIP BIN AND
ECOLOGY BLOCK BIN OPTIONS
AND ALL BIN CONFIGURATIONS

AC6 POST
CAP

6X12 DF/L #2
BEAM

TREATED 2X10
HF/L #2 FASCIA,
TYP.

6"

ROOF ASSEMBLY
PER NOTES ON
SHEET S3 OR S6

15
32" APA RATED

SHEATHING w/8d
NAILING @6" o.c.
EDGE FRAMING & 12"
o.c. FIELD

2X8 DF/L #2
RAFTERS @24" o.c.,
TYP.

2X FULL DEPTH DF/L #2
BLOCKING BETWEEN
RAFTERS @ BEARING
POINTS, A35 ANGLE TO
BEAM BELOW, TYP.

GUTTERS BY OTHERS
AND NOT SHOWN FOR
CLARITY, DRIP EDGE AND
FLASHING PER MANU., TYP.

15
32" APA RATED

SHEATHING w/8d
NAILING @6" o.c.
EDGE FRAMING & 12"
o.c. FIELD

PANEL EDGE/BOUNDARY
w/6" o.c. NAILING, TYP.

PANEL FIELD
NAILING @ 12"
o.c., TYP.

2X8 DF/L #2 RAFTERS
@24" o.c. BELOW PER
ROOF FRAMING PLAN,
TYP.

STAGGER NAILING AT
PANEL EDGES, NOT
SHOWN FOR CLARITY,
TYP.

PARTIAL
SHEET

1'-0"

6X6 HF/L #1
POST

A34 OR A35
CLIPS

RAFTER INTERRUPTED BY
OVERHANG BLOCKING

TREAT CUT ENDS OF BEAM
FOR EXTERIOR EXPOSURE

BLOCKED PANEL EDGE

H1 HURRICANE TIES
ALTERNATE SIDES OF
BEAM @ EA. RAFTER,
TYP.
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3'-6"±
3'-0"±

2'-6"±

8"
2"2"

1" TYP.

1 1/2" 2"

1" MIN.

2 1/4"±

6"
3'-0"±

REVISIONS
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BRACE BASE CONNECTION
PER DETAIL

BRACE BASE CONNECTION
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Scope 

To provide structural calculations for a stock structure standard design waste storage facility (WSF) to be 

implemented at various locations within Whatcom County, Skagit County, Whidbey Island, and San Juan Island, 

WA.  Elements under review include the foundation, retaining walls, and roof framing. Any other elements not 

specifically referenced in these calculations are outside the purview of these calculations and are designed by 

others. 

References 

1. 2021 International Building Code with Washington Amendments (IBC) 

2. United States Department of Agriculture National Resources Conservation Service, 

Conservation Practice Standard (NRCS CPS)  

3. United States Department of Agriculture National Resource Conservation Service, National 

Engineering Manual with Washington State Supplements (NRCS NEM) 

4. ASCE/SEI 7-16, Minimum Design Loads for Buildings and Other Structures, American Society 

of Civil Engineers (ASCE) 

5. 2019 Building Code Requirements for Structural Concrete, ACI 318-19, and Commentary 

(ACI) 

6. 2018 National Design Specification for Wood Construction, ANSI/AWC (NDS) 

7. 2015 Special Design Provisions for Wind and Seismic ANSI/AWC (SDPWS) 

8. ATC Hazards Website, https://hazards.atcouncil.org/, (ATC) 

9. Design Criteria as Provided by Whatcom County, Skagit County, Whidbey Island, and San 

Juan Island.   
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Note: sketches are schematic.  
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Design Criteria 

Risk Category I 

Importance Factors        Per ASCE 7-16, Table 1.5-2 

Snow, IS = 0.8 

Seismic, IE = 1.00 

Geometry 

Retaining Wall Height = 4’-0”  

Eave Height = 10’-0” max (6’-0” above top of retaining wall) 

Foundation:  

  

 
Roof Framing: 

Note: Roof dimensions taken as horizontal projections based on angle of roof surface 
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Deflection Criteria 

Deflection criteria is per IBC Table 1604.3. The most stringent deflection between the span ratio and total 

deflection shown below shall be used. 

 

 L or Lr S & W D + L 

Roof Members           L/360 in    L/360 in            L/240 in 

Gravity Loading 

Dead Load 

Roof Dead Load;   qDLr = 12 psf; 

Exterior Conc. Wall Dead Load;  qDLew = 100 psf;    Concrete wall in elevation 

Partition Wall Dead load;  qDLpw = 100 psf;    Concrete wall in elevation 

See Soil Design Values for stored waste loads. 

Live Load 

Roof Live Load (area);   qLLr = 20 psf;    per IBC Table 1607.1 

Roof Live Load (concentrated);  PLLr = 300 lb;    per IBC Table 1607.1 

Floor Vehicle Live Load (area);  qLLf  = 250 psf;    per IBC Table 1607.1 

Floor Vehicle Live Load (concentrated);  PLLr = 8,000 lb;    per IBC Table 1607.1 

Backfill Surcharge Load  See retaining wall design  

Snow Load 

Snow Importance Factor;  Is = 0.8; per ASCE Table 1.5-2 

Snow Exposure Factor;   Ce = 1.1; cat. C, sheltered         conservative per ASCE Table 7.3-1 

Snow Thermal Factor;   Ct = 1.20; unheated        per ASCE Table 7.3-2 

Snow Slope Factor;   Csl = 1.0;      per ASCE 7.4.1 – 7.4.4, & Figure 7.4-1  

Minimum Roof Snow Load;  Pmin = (25 psf) × Is = 20 psf;   per ASCE Section 7.3.4 

Ground Snow Load;   pg = 40.0 psf;                maximum in considered regions 

Balanced Snow Load;   pB = 29.6psf;        See following page for balanced snow loads. 
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Note: Per ASCE 7-16 Section 12.7.2, snow loads do not need to be included in the effective seismic 

weight since flat roof snow loads < 30psf.  

 

Note: Structure geometry is shown for 1 example configuration. Snow loads are the same for the other 

design configurations included as well.   

Flat-roof snow load, pf = 0.7CeCtI spg Eq. 7.3-1

Exposure factor, Ce = Table 7.3-1

Thermal factor, Ct  = Table 7.3-2

Flat-roof snow load, pf = psf

Min pf (ASCE 7) = psf

Calculated pf = psf

ps = Cspf Eq. 7.4-1

Design pf = psf

Slope Θ = o

Ct =

Slope factor Cs = 7.4-1, 7.4.2, 7.4.3 Figure 7-2a, 7-2b and 7-2c

Calculated ps = psf

 psBD = psf Building Dept. Minimum

Balanced and Unbalanced Snow Load for Hip and Gable Roof (Fig. 7-5)

Snow Density γ = 0.13pg + 14 ≤ 30 pcf Eq (7.7-1)

= pcf

w = 14.2 ft

he = 2.4 ft
o

L = ft

BALANCED psf

psf
UNBALANCED W ≤ 20 ft

hdγ/S
0.5

 applied over 8hdS
0.5

/3

ASCE 7-16 Chapter 7 - SNOW LOADS

29.6

25.00

32.0

29.57

1.10

9.46

1.20

50.5

19.20

1.00

FLAT ROOF SNOW LOAD

1.20

29.57

16.00

29.57

SLOPE ROOF SNOW LOAD 

29.57

PARTIAL LOADING

UNBALANCED SNOW LOADS

Θ = 9.46
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Soil Design Values (Assumed) 

Backfill Soil Active Lateral Pressure;  γab = 45 psf/ft;            per IBC Table 1610.1, NRCS CPS Code 313 

Infill Waste Active Lateral Pressure; γai = 60 psf/ft;  Conservative, accounts for stored waste 

 

Coefficient of Sliding Friction;  µs = 0.35; 

 per IBC Table 1806.2, NRCS CPS Code 313, Assumes GW/GP prepped subgrade 

 

Allowable Soil Bearing;   Pb,a = 1,500 psf;            per IBC Table 1806.2, NRCS CPS Code 313 

Wind Loading 

Wind Exposure C 

Basic Wind Speed;   V = 100; mph     Per ASCE 7 

Topographic Factor,    Kzt = 1.5;     Conservative 

Ground Elevation;    0ft      Conservative  

Component and Cladding Trib. Area; Typical: 9ft2     Conservative 

      Roof Beams: 31.5ft2   Controlling trib. area 

 

See following pages for wind load generation.  
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Roof Loads 

Main Wind Force Resisting System (MWFRS) Loading 

MWFRS is defined as an assembly of structural elements assigned to provide support and stability to the overall 

system.  
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Components & Cladding (C&C) Loading 

Components and Cladding wind loads shall be used for structural items that are not a part of the MWFRS. Roof 

rafters, sheathing, roof joists, wall studs, wall headers, and their connection to the structure shall be designed 

for C&C loading.  

Typical C&C 

 
The above wind loads are applicable to all C&C members other than the beams.  
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Beam C&C Loads 

The following component and cladding loads are applicable to only the roof beams.  
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Seismic Loading 

Seismic Importance Factor;   Ie = 1.0;    per ASCE 7 Table 1.5-2 

Soil Class D – Default        assumed 

Seismic Design Category D      per ASCE 7 Table 11.6-1 and 

11.6-2 

 

Spectral Response (short);  Ss = 1.50; g   per ASCE 7 Figure 22-1 

Spectral Response (1s);   S1 = 0.600; g   per ASCE 7 Figure 22-2 

Spectral Acceleration (short);  SDS = 1.3; g   See following pages 

Spectral Acceleration (1s);  SD1 = 0.800; g   See following pages 

 

Seismic Force Resisting System: Cantilevered Column Systems Detailed to Conform to the Requirements for 

Timber Frames 

 

Seismic Response Coefficient;  Cs = 0.8;    See following pages 

Vertical Seismic Coefficient;  0.2 × SDS =0.16 
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Gravity Design 

Design Result Summary (Controlling Actions Shown) 

Member Utilization 

Roof Sheathing DCR = 0.75 

Rafters DCR = 0.86 

Girder Beams DCR = 0.87 

Slab on Grade FS = 11.59 

 

Note: By inspection, there is a reserve capacity in the gravity force resisting system to resist 30psf design 

snow loads (calculations included considered 29.6psf) 

Roof Design 

Demands: 

• Dead = 8-12psf 

• Live = 20psf 

• Snow = 29.6psf 

• Wind: 

o MWFRS: 

 Applicable to elements not considered components and cladding.  

 Controlling Downward = 42.66psf 

 Controlling Uplift = 21.33psf 

o C&C: 

 Applicable to roof sheathing, and rafters 

• Controlling Downward: Clear Wind Flow 

o Zone 1 = 38.96psf 

o Zone 2 = 58.45psf 

o Zone 3 = 77.93psf 

• Controlling Uplift: Obstructed Wind Flow 

o Zone 1 = 21.33psf 

o Zone 2 =32.00sf 

o Zone 3 = 42.66psf 

 Applicable to roof girder beams 

• Controlling Downward: Clear Wind Flow 

o Zone 1 = 38.96psf 

o Zone 2 = 58.45psf 

o Zone 3 = 58.45psf 

• Controlling Uplift: Obstructed Wind Flow 

o Zone 1 = 21.33psf 

o Zone 2 =32.00psf 

o Zone 3 = 32.00psf 
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Sheathing 

Evaluate the roof sheathing for out-of-plane load effects. 

Try 15/32 sheathing with 32/16 span rating. 

Sheathing spans 24” (rafter spacing) 

Demands: 

• Dead = 1.6psf (sheathing weight) 

• Live = 20psf 

• Snow = 29.6psf 

• Wind: C&C 

o Down = 77.93psf 

o Up = -114.72psf  

• By inspection, 0.6D+0.6WUP controls 

• Demand, P = 0.6*(1.6) + 0.6*(-114.72)psf = 69.79psf (up) 

 

Capacity: 

• Nominal out-of-plane capacity, Pn = 155psf (SDPWS Table 3.2.2) 

• ASD reduction factor, Ω = 1.67 

• ΩPn = 92.81psf > P  

 

15/32 APA rated sheathing with 32/16 span rating is adequate (DCR = 0.29) 

Rafters: 2x8 DF/L #2 @24” o.c. 

Spans: 

• Span 1 ≈ 2’ (cantilever end) 

• Span 2 ≈ 10.67’ (interior) 

• Span 3 ≈ 2’ (cantilever end) 

Spacing = 2’-0” o.c. 

Demands: 

• Dead = 8psf 

• Live = 20psf 

• Snow = 29.6psf 

o Note, additional partial snow load cases were considered per ASCE 7 section 

7.5.1 and are included in the Enercalc calculations appended to this report. 

• Wind (Zone 3) = 77.93psf (downward) 

 

 
Per Enercalc (see appendix) 2x8 DF/L #2 @24” o.c. rafters are adequate (DCR = 0.86) 
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Girder Beams: 6x12 DF/L #2 

By inspection, the front beam line controls since it has the greatest tributary width. 

Spans: 

• Span 1 = 2’-0” (cantilever overhang) 

• Span 2 ≈ 13’-0” (largest span in Ecology Block) 

Demands: 

• Tributary Width ≈ 8’-0” 

• Dead = 12psf 

• Live = 20psf 

• Snow = 29.6psf 

• Wind (Zone 2&3) = 32.00psf (downward) 

 
 

Per Enercalc (see appendix) 6x12 DF/L #2 beams are adequate (DCR = 0.87) 

 

Slab on Grade Design 

Evaluate the slab on grade for vehicular concentrated loads. 

Concrete compressive strength, f’c = 2,500psi 

Assumed soil modulus of subgrade reaction = 50pci (conservative) 

 

Per Enercalc (see appendix) a 12” thick slab on grade is adequate (FS = 11.59) 
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Lateral Design 

Design Result Summary (Controlling Actions Shown) 

Member Utilization 

Post DCR = 0.72 

Corner Post Anchorage Varies (All DCR <1.0, see design) 

Brace DCR = 0.7 

Wall Sill Plate DCR = 0.43 

Wall Sill Plate Anchorage Varies (All DCR <1.0, see design) 

Retaining Wall  Varies (All DCR <1.0, see design) 

 

Assumptions: 

• The primary lateral force resisting system are the braced cantilevered posts supporting 

the roof framing.  

• Evaluate the structure for horizontal seismic load effects in the two orthogonal principal 

directions: transverse and longitudinal (per ASCE 7, Section 12.14.4.2.1). 

• In the transverse direction, the diaphragm will have flexible behavior. 

• In the longitudinal direction, the diaphragm will behave as a cantilever/3-sided 

diaphragm and is idealized as rigid in the analysis.  

• Because there are not vertical elements of the lateral force resisting system on both 

sides in the longitudinal direction (i.e. cantilever/3-sided diaphragm), a redundancy 

factor of 1.3 is used per ASCE 7 Section 12.3.4.2. 

• Flat roof snow load is less than 30 psf (see snow load generation). As such, roof snow 

loads do not need to be considered in the effective seismic weight of the structure per 

Section 12.7.2 of ASCE 7-16. 
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Load Generation 

Generate gravity and lateral seismic demands for each post. By inspection, seismic demands control 

over wind. By inspection, the ecology block option will control over the CIP option because the thicker 

walls result in greater tributary widths. Also, by inspection, the 3 or 4-bin option will control because of 

the staggering of columns. For example, Bin 2 has the largest width to accommodate the offset post 

base from the interlocking notch in the middle of the ecology block. Thus, the posts on the ecology block 

layout are furthest apart and support a larger tributary area and load which will govern the post design.  

Gravity Demands 

Post Mark Description 

Trib Area 

(ft2) 

Dead 

(kip) 

Live Roof 

(kip) 

Snow 

(kip) 

1 Side Back 41.25 0.495 0.825 1.221 

2 Side Front 41.25 0.495 0.825 1.221 

3 Interior Back 90 1.08 1.8 2.664 

4 Interior Front 90 1.08 1.8 2.664 

Note: Tributary areas are approximate.  

 

 
Geometry     

 2-Bin 3-Bin 4-Bin units 

o 1.5 1.5 1.5 ft 

B 15 15 15 ft 

L 27 39 51 ft 

a 11 11 11 ft 

b 12 13 13 ft 

c 0 11 11 ft 

d 0 0 12 ft 

e 6.75 6.75 6.75 ft 

 

Example Calculations: Post Mark 1 

• Tributary Width, W = 5.5’ (estimated from CAD, all posts support gravity loads) 

• Tributary Length, L = 7.5’ (estimated from CAD, all posts support gravity loads) 

• Tributary Area, A = W*L = 41.25ft2 

• Dead Load = D*A = 12psf*41.25ft2= 0.495kip 

• Live Roof = Lr*A = 20psf*41.25ft2= 0.825kip 

• Snow Load = S*A = 29.6psf*41.25ft2= 1.221kip 
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Seismic Demands 

Inputs   

Roof Dead 12 psf 

ρCS 1.04 - 

Bin Width 10 ft 

Bin Length 10 ft 

Wall Thickness 2 ft 

Overhang, o 1.5 ft 

 

Case 1 – Transverse Seismic Loading 

 

 
Diaphragm Forces     

 2-Bin 3-Bin 4-Bin units 

W1 187 187 187 plf 

RA 1310 1310 1310 lb 

RB 2153 2246 2246 lb 

RC 1310 2246 2246 lb 

RD 0 1310 2153 lb 

RE 0 0 1404 lb 

Max Diaphragm Shear 144 150 150 plf 

 

Example Calculations: RA 

• Transverse seismic loading, W1 = DL*ρCs*B = 12psf*1.04*15ft = 187plf 

• Force along line RA = W1*((a)+o) = 187plf*((11ft)+1.5ft) = 1,310lbs 
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Transverse Seismic Load Imposed on Braces and Posts per reactions RA through RE 

Reactions 2-Bin 3-Bin 4-Bin units 

RAX 655 655 655 lb 

RAZ 655 655 655 lb 

RBX 1076 1123 1123 lb 

RBZ 1076 1123 1123 lb 

RCX 655 1123 1123 lb 

RCZ 655 1123 1123 lb 

RDX 0 655 1076 lb 

RDZ 0 655 1076 lb 

REX 0 0 702 lb 

REZ 0 0 702 lb 

Controlling Back 

Post/Brace Demand 1076 1123 1123 lb 

Controlling Front 

Post/Brace Demand 1076 1123 1123 lb 
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Case 2 – Transverse Seismic Loading 

 

Note: Reactions A-E are calculated assuming cantilever diaphragm behavior. These braces are 

responsible for resisting torsional effects. Demands along interior brace lines are expected to effectively 

cancel out within each bin zone due to positive and negative contributions from each adjacent bin zone 

(slight differences in bin geometry produce a non-zero reaction value). Exterior brace lines develop the 

reactions required to resist the torsional demands within the subject bin zone. 

 

 

Diaphragm Forces     

 2-Bin 3-Bin 4-Bin units 

W2 306 437 568 plf 

W2/No. Bins 153 146 142 plf 

RA 87 83 81 lb 

RB 0 0 0 lb 

RC 87 0 0 lb 

RD 0 83 0 lb 

RE 0 0 81 lb 

RX 4128 5897 7666 lb 

Max Diaphragm Shear 168 168 168 plf 
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Reactions 2-Bin 3-Bin 4-Bin units 

RAX 52 50 49 lb 

RAZ 52 50 49 lb 

RBX 4 8 8 lb 

RBZ 4 8 8 lb 

RCX 47 -8 -8 lb 

RCZ 47 -8 -8 lb 

RDX 0 50 4 lb 

RDZ 0 50 4 lb 

REX 0 0 45 lb 

REZ 0 0 45 lb 

RXA 1264 1217 1193 lb 

RXB 1264 1217 1193 lb 

RXC 1264 1217 1193 lb 

RXD 1264 1217 1193 lb 

RXE 1264 1217 1193 lb 

Controlling Back 

Post/Brace Demand 1264 1217 1193 lb 

Controlling Front 

Post/Brace Demand 52 50 49 lb 

 

Demand Summary     

Controlling Back Longitudinal Demand 1264 lb 

Controlling Back Transverse Demand 1123 lb 

Controlling Front Demand 1123 lb 

 

Interior Back Post and Longitudinal Brace 

Maximum height above wall = 4’-3” 

Intermediate bracing at 3’-0” above base 

 

Gravity Demands: 

• Dead = 1.08 kip 

• Live Roof = 1.8 kip 

• Snow = 2.664 kip 

Lateral Demands: 

• Seismic = 1.264kip 

 

Per RISA (see appendix) P.T. 6x6 HF/L #1 posts are adequate (DCR = 0.41) 

Per RISA (see appendix) DBL P.T. 2x6 HF/L #2 braces are adequate (DCR = 0.48) 
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Interior Back Post and Transverse Brace 

Maximum height above wall = 4’-3” 

Intermediate bracing at 2’-6” above base 

 

Gravity Demands: 

• Dead = 1.08 kip 

• Live Roof = 1.8 kip 

• Snow = 2.664 kip 

Lateral Demands: 

• Seismic = 1.123kip 

 

Per RISA (see appendix) P.T. 6x6 HF/L #1 posts are adequate (DCR = 0.46) 

Per RISA (see appendix) DBL P.T. 2x6 HF/L #2 braces are adequate (DCR = 0.36) 

 

Interior Front Post and Transverse Brace 

Maximum height above wall = 6’-0” 

Intermediate bracing at 3’-6” above base 

 

Gravity Demands: 

• Dead = 1.08 kip 

• Live Roof = 1.8 kip 

• Snow = 2.664 kip 

Lateral Demands: 

• Seismic = 1.123kip 

 

Per RISA (see appendix) P.T. 6x6 HF/L #1 posts are adequate (DCR = 0.72) - Governs 

Per RISA (see appendix) DBL P.T. 2x6 HF/L #2 braces are adequate (DCR = 0.7) - Governs 

 

 

 

Sill Plate Design 

Evaluate the sill plate for the maximum tension reaction from the brace.  

Total Double Brace Axial Load  = 2.72kip (1.0E) 

Vertical component of demand per RISA output, P = 1,930lb  

 

 
 

Per Enercalc (see appendix) a P.T. 4x4 HF/L #2 sill plate in weak axis bending is adequate (DCR = 0.43) 
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Knee Brace Nailing Design 

Evaluate the Nailing on the brace to sill plate connection for the maximum axial force in the brace.  

Per RISA Front Post brace RISA model, the maximum brace reaction for a single Brace Axial Load in 

Single Shear= 1.36 kip (1.0E). See Appendix A for brace demand forces.  

 

American Wood Council Connection Results – Capacity for (12) 10D Nails = 2.09 kip 

(12) 10D Nails on each Brace/ Sill Plate Connection is adequate (DCR = 0.65) 
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Sill Plate Anchorage Design 

 

Case 1: 

Evaluate the sill plate anchorage for the lateral and vertical reaction from the brace.  

Demands per RISA output for load combination [(0.9-0.2SDS)D+Ω0E] 

Vertical component of demand, P = 2,002lb  

Horizontal component of demand, V = 2,002lb  

 
 

Case 2 

Evaluate the sill plate anchorage for the lateral and vertical reaction at the base of the front post. 

Edge condition – Anchor is 5.5” from front of wall  

Demands per RISA output for load combination [(0.9-0.2SDS)D+Ω0E] 

Vertical component of demand, P = 1590lb  

Horizontal component of demand, V = 840lb  
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Provide anchorage designs compatible with either hot dipped galvanized threaded rods or 304/316SS threaded 

rods. By inspection, HDG Gr 36 threaded rods will control.  

 

Provide anchorage designs for the following epoxy options: 

• Hilti HIT-RE 500 V3 

• Simpson SET-3G 

• Dewalt Pure 110+ 

 

Provide anchorage designs for the following mechanical options: 

• Hilti KH-EZ 

• Titen HD  

• Dewalt Screw Bolt+ 

 

 

Per Dewalt Design Assist Anchorage Software and Simpson Anchorage Software, the following anchors are 

adequate to resist tension loads 
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Retaining Wall Design 

CIP Wall Properties: 

• Wall Thickness = 6” 

• Wall Height = 4’-0” (max) 

• Retained backfill height = Wall height - 3” 

• Retained infill height = Wall Height 

• Concrete Compressive Strength, f’c = 2,500psi 

• Reinforcing Info: 

o Vertical Reinforcing = #5@16” o.c. OR #4 @ 12” o.c. 

o Horizontal Reinforcing = #5@16” o.c. OR #4 @ 10” o.c. 

o Reinforcing Yield, fy = 60,000psi 

Footing Properties: 

• Footing Thickness = 12” 

• Footing width = Enercalc calculation considers the whole footing width, including the 

tapered portion. Note that the analysis is inherently conservative as it idealizes the wall 

as a cantilevered condition, though it is also supported on the side by the back wall. 

Further, the soil backfill is tapered to the front of the bins, so average demands are less 

than approximated by Enercalc. 

• Reinforcing Info: 

o Rebars size and spacing match slab reinforcing 

Ecology Block Properties:  

• Ecology Block Wall Thickness = 2’-0” 

• Ecology Block Wall Height = 2’-0” (max) 

• Retained backfill height = Wall height - 3” 

• Retained infill height = Wall Height 

  

Surcharge Loads: NRCS does not prescribe surcharge design loads for agricultural storage structures. As such, 

this design conservatively assumes the following: For wall strength checks: Design for a 250psf surcharge load. 

Note that this is conservative and is representative of if a heavy vehicle load was placed behind a portion of the 

wall. The intent of this check is to evaluate the strength of the wall for high localized demands as a result of 

heavy vehicular loads.   

 

Design Cases: 

• Case 1 (Wall Design): Backfill + Surcharge with Empty Bin – Governs Design by 

Inspection 

• Case 2 (Wall Design): Infill without Backfill  

• Case 3 (Wall Design): Wind on an Empty Bin Without Backfill 

• Case 4 (Beam Design): Back Wall Horizontally Spanning 
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Case 1: Backfill + Surcharge with Empty Bin 

Demands: 

• Active Backfill = 45psf/ft 

• Backfill Surcharge = 250psf 

 

Per Enercalc (See Appendix), the 6” retaining wall is adequate with #5 Verts. @16” o.c. and #5 Horiz. Bars @16” 

o.c. OR with #4 Verts. @12” o.c. and #4 Horiz. Bars @10” o.c. 

 

Case 2: Infill Without Backfill 

Demands: 

• Active Infill = 60psf/ft  

 

Only active infill considered in case. By inspection, case 1 governs the design. 

 

Case 3: Wind with Empty Bin Without Backfill 

Demands: 

• Wind = 54.43 psf (see bin wall wind load generation) 

 

Only wind loads considered in case. By inspection, case 1 governs the design.   
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Case 4: Back Wall Horizontally Spanning 

Idealize the back wall as horizontally spanning. Is assumed as a simple support beam supported at the interior 

and side walls. Analysis assumes the lowest 12” of the wall is effectively fixed by the footing below rather than 

horizontally spanning. Evaluate the region directly above as horizontally spanning. Note that the analysis is 

inherently conservative.  

 

Demands: 

• By inspection, stem demands for Case 1 controls. 

• Active Pressure Demands:  

o Active Pressure, pa = 45psf/ft 

o Average Depth H1 = 3 ft 

o Uniform Load = pa * H1 = 135 plf/ft 

o In Enercalc, consider active pressures as dead loads since they have the same 

load factor 

 

• Backfill Surcharge = 250psf 

o Soil Density = 12 pcf 

o Surcharge pressure width H2 = 250psf /125pcf = 2 ft of additional surcharge 

o Uniform Load = pa * H2 = 90 plf/ft 

o In Enercalc, consider surcharge pressures as a live load  

 

 
By inspection, case 1 governs the design. 
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Ecology Block Overturning and Sliding Check 

Backfill Surcharge 250 psf 

Soil Density 120 pcf 

Active Soil Pressure 45 psf/ft 

Surcharge OT Load Height Above Wall 2.08 ft 

Surcharge OT Load at Top of Wall 93.75 psf 

Surcharge OT Load at Bot of Wall 304.69 psf 

Triangular OT Load at Bot of Wall 240 psf 

Backfill Height 3.25 ft 

OT Moment 752.58 lb*ft/ft 

Conc Density 150 pcf 

Ecology Block width 2 ft 

Ecology Block height 4 ft 

Ecology Block Wt.  1200 lb/ft 

Resist Moment 1200 lb*ft/ft 

Overturning Safety Factor 1.59  

   

coeff. Friction 0.7  
Sliding Resistance 840 lb/ft 

Sliding Force 542.34 lb/ft 

Sliding Safety Factor 1.55  
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Appendix A – Enercalc and RISA Calculations 
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Back Longitudinal Post and Brace 
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Back Transverse Post and Brace 
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Front Post and Transverse Brace 
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Appendix B – Anchorage Calculations 
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Dewalt Design Assist Anchorage Design Software     
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Simpson Strong Tie Anchorage Design Software 
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2025 Waste Storage Facility Construction 
PROJECT #WA1206-140-6Addendum No. 2 
May 21, 2025 

END OF ADDENDUM NO. 2 
 

Receipt of Addendum No. 2 must be acknowledged on page 4 of the “Proposal for Bidding 
Purposes” where indicated. 

 
DATE OF BID OPENING REMAINS THE SAME: Wednesday, May 28, 2025, at 4:00 p.m., or soon 
thereafter 
 
 
 
 
____________________________________ 
Leanne Ingman 
Natural Resources Technician 
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