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Structural Calculations 

For 

Red Dot Corporation 

Environmental Chamber Foundation 

Project # 2220760.20 

Project Principal Andrew D. McEachern, P.E., S.E. 

Design Criteria  

Design Codes and Standards 

Codes and Standards:  Structural design and construction shall be in accordance with the 
applicable sections of the following codes and standards as adopted and amended by the local 
building authority:  International Building Code, 2018 Edition. 

Structural Design Criteria: 

Live Load Criteria: 

Roof (Min Blanket Snow): 25 psf 

Slab on Grade: 350 psf 

Wind Load Criteria: 

Basic Wind Speed: 97 mph 

Risk Category: II 

Wind Exposure: B 

Topographic Factor: 1.0 

Seismic Criteria: 

Risk Category: II 

Seismic Importance Factor: 1.0 

Ss = 1.258 S1 = 0.433 

Sds = 1.006 Sd1 = N/A 

Site Class:  D 

Seismic Design Category:  D 

Soil Criteria: 

Based on Geotechnical Engineering Report by: Terra Associates Inc, dated September 2019.   

Soil Bearing Capacity: 2,500 psf when sitting on 2 feet of structural fill on the previously 
preloaded side.  Allow 33% increase for loads from wind or seismic origin. 
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Project Description 

The scope of work for this project involves the structural design of foundations required to support 
a proposed Environmental Chamber.  The Environmental Chamber consists of a new 
freestanding room / piece of equipment, which will be located within an existing building.   
 
The proposed Environmental Chamber is a relatively lightweight system of insulated wall and 
ceiling panels.  The anticipated loads will fall within the minimum 350 psf uniform load specified 
for the original 7” thick concrete slab on grade.  Equipment anchorage will be provided to meet 
the manufacturer’s minimum recommendations.  The Environmental Chamber is a self-supporting 
/ freestanding element, which will be internally braced.  Loads from the new Chamber will not be 
braced into the existing building structure.  All of the Environmental Chamber loads will be 
delivered directly into the building slab on grade. 
 
It is the intention of the structural design to satisfy the force levels of the IBC 2018. 
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2215 North 30th Street 

Suite 300 

Tacoma, WA 98403 

253.383.2422  TEL 

253.383.2572  FAX 

ENVIRONMENTAL CHAMBER FOUNDATION REQUIREMENTS

DRAWN BY: ADM DATE: 12/28/2022 JOB NO.: 2220760.20

SSK-01
RED DOT CORPORATION EQUIPMENT FOUNDATIONS

SAWCUT AND DEMO EXIST
SLAB AS REQ'D FOR NEW
EQUIPMENT FDN

OVEREXCAVATION AND
BACKFILL W/ STRUCTURAL FILL
PER GEOTECH REPORT

SUBGRADE PREPARATION
PER GEOTECH REPORT

GENERAL NOTES:

- FIELD VERIFY ALL DIMENSIONS SHOWN W/ EQUIPMENT MFR

- MIN CONCRETE STRENGTH (f'c) 6,000 psi

- VERIFY ANCHORAGE REQUIREMENTS W/ EQUIPMENT MFR

- VERIFY SUBGRADE REQUIREMENTS AND SURFACE PREPARATION
WITH GEOTECH AND EQUIPMENT MFR.  

- PROVIDE GEOPIERS OR EQUIVALENT BELOW FDN PER GEOTECH IF
NECESSARY TO MEET SLAB DEFLECTION REQUIREMENTS.

ENVIRONMENTAL CHAMBER -
18ft x 47ft - SEE MFR DRAWINGS
FOR ADDITIONAL INFORMATION

ENVIRONMENTAL CHAMBER PLAN

A

-

A

-

A

-

B

-

TYP

TYP

TYP

TYP AT
OPNGS

ENVIRO CHAMBER PER PLAN
- COORD REQ'S W/ MFR

1

1

EXISTING 7" THICK
CONCRETE SLAB ON
GRADE

A

7" THICK CONCRETE SLAB
ON GRADE - REINF W/ #4 EA
WAY AT 12"oc AT CL SLAB

4" THICK CONCRETE SLAB ON
GRADE (f'c = 6,000 psi MIN) - REINF
W/ #4 EA WAY AT 12"oc AT CL SLAB

CONT 2x PL PER MFR

6" MIN RIGID STYRENE INSULATION
(MIN COMPRESSIVE STRENGTH =
100 psi) OVER 6 MIL VAPOR BARRIER

(2) #4 CONT
#4 TRANS AT 12"oc
AT CL SLAB - EMBED
5" MIN W/ EPOXY

#4 DOWELS AT
12"oc AT CL SLAB

24"

12"

4"

PROVIDE (2) SLAB CJ'S AT 1/3
POINT OF ENVIRONMENTAL
CHAMBER

FOR ADD'L REQ'S AT
INTERIOR SUMP - SEE

C

SSK03

7" MIN
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2215 North 30th Street 

Suite 300 

Tacoma, WA 98403 

253.383.2422  TEL 

253.383.2572  FAX 

ENVIRONMENTAL CHAMBER FOUNDATION REQUIREMENTS

DRAWN BY: ADM DATE: 12/28/2022 JOB NO.: 2220760.20

SSK-02
RED DOT CORPORATION EQUIPMENT FOUNDATIONS

GENERAL NOTES:

- FIELD VERIFY ALL DIMENSIONS SHOWN W/ EQUIPMENT MFR

- MIN CONCRETE STRENGTH (f'c) 6,000 psi

- VERIFY ANCHORAGE REQUIREMENTS W/ EQUIPMENT MFR

- VERIFY SUBGRADE REQUIREMENTS AND SURFACE PREPARATION
WITH GEOTECH AND EQUIPMENT MFR.  

- PROVIDE GEOPIERS OR EQUIVALENT BELOW FDN PER GEOTECH IF
NECESSARY TO MEET SLAB DEFLECTION REQUIREMENTS.

ENVIRO CHAMBER WALL
BEYOND PER PLAN

1

1

EXISTING 7" THICK CONCRETE
SLAB ON GRADE

B

7" THICK CONCRETE SLAB
ON GRADE - REINF W/ #4 EA
WAY AT 12"oc AT CL SLAB

4" THICK CONCRETE SLAB ON
GRADE (f'c = 6,000 psi MIN) - REINF
W/ #4 EA WAY AT 12"oc AT CL SLAB

DOOR PER MFR

FOR CALLOUTS
IN COMMON
SEE A

SSK01

THICKEN 4" CONCRETE
SLAB AT DOOR AS REQ'D

#4 DOWELS AT 12"oc AT
THICKENED SLAB EDGE

8"

24"

#4 NOSING BAR

6"
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2215 North 30th Street 

Suite 300 

Tacoma, WA 98403 

253.383.2422  TEL 

253.383.2572  FAX 

ENVIRONMENTAL CHAMBER FOUNDATION REQUIREMENTS

DRAWN BY: ADM DATE: 12/28/2022 JOB NO.: 2220760.20

SSK-03
RED DOT CORPORATION EQUIPMENT FOUNDATIONS

GENERAL NOTES:

- FIELD VERIFY ALL DIMENSIONS SHOWN W/ EQUIPMENT MFR

- MIN CONCRETE STRENGTH (f'c) 6,000 psi

- VERIFY ANCHORAGE REQUIREMENTS W/ EQUIPMENT MFR

- VERIFY SUBGRADE REQUIREMENTS AND SURFACE PREPARATION
WITH GEOTECH AND EQUIPMENT MFR.  

- PROVIDE GEOPIERS OR EQUIVALENT BELOW FDN PER GEOTECH IF
NECESSARY TO MEET SLAB DEFLECTION REQUIREMENTS.

C

FOR CALLOUTS
IN COMMON
SEE A

SSK01

12" DIA HEAVY DUTY GRATE

OVEREXCAVATION AND
BACKFILL W/ STRUCTURAL FILL
PER GEOTECH REPORTSUBGRADE PREPARATION

PER GEOTECH REPORT

1

1

6" MIN RIGID STYRENE INSULATION
(MIN COMPRESSIVE STRENGTH =
100 psi) OVER 6 MIL VAPOR BARRIER

4" THICK CONCRETE SLAB ON
GRADE (f'c = 6,000 psi MIN) - REINF
W/ #4 EA WAY AT 12"oc AT CL SLAB

7" MIN

4" MIN

THICKEN SLAB AROUND
SUMP AS REQ'D

#4 DOWELS AT 12"oc
AT CL SLAB AROUND
SUMP

REQ'D

12" 12"

7" THICK CONCRETE SLAB
ON GRADE - REINF W/ #4 EA
WAY AT 12"oc AT CL SLAB
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Point Load on Slab
LIC# : KW-06014847, Build:20.22.8.17 AHBL, INC (c) ENERCALC INC 1983-2022

DESCRIPTION: Existing Slab Capacity - 10kip Point Load

AHBL Engineers

2215 North 30th Street

Suite 300

Tacoma, WA 98403

253.383.2422

Project File: 2220760.20.ec6

Project Title: Red Dot Corporation Equipment Foundation
Engineer: ADM
Project ID: 2220760.20
Project Descr: New Equipment Foundations

Code References

Calculations per IBC 2018, CBC 2019, ASCE 7-16

Load Combinations Used : IBC 2018

Analytical Values

100.0
3,605.0

4.0
0.150

3.0 : 1

7.0

Min. Adjacent Load Distance in48.064

ksi
f'c - Concrete Compressive Strength ksi

pcid - Slab Thickness in Ks - Soil Modulus of Subgrade Reaction
Ec - Concrete Elastic Modulus

- Poisson's Ratio

FS - Req'd Factor of Safety

µ

Pn = 1.72  [  (Ks R1 / Ec) 10,000 + 3.6] Fr d^2 Min Adjacent Column Distance =

R1 = 50% plate average dimension = sqrt( PlWid * PlLen) /2 d - Slab Thickness

Ec = Concrete elastic modulus u - Poisson's ratio

Fr - Concrete modulus of rupture = 7.5 * sqrt( f'c )
d - Slab Thickness

Ks = Soil modulus of subgrade reaction

Ks = Soil modulus of subgrade reaction Ec = Concrete elastic modulus

1.5 * ( [ Ec d^3 / (12 * ( 1- u^2 ) Ks ] ^ 1/4 )

Analysis Formulas

GoverningApplied Concentrated Load on Plate - (kip)

E Check(in)LenWidLoad ID
Plate

L

Pu PnR1(in)
D Lr S W Ld Comb (kip)(kip)

Load & Capacity Table

Point Load Pass, FS=16.61 >= 32.004.00 4.00 10.00 10.0D Only 166.1

7 INCH THICK CONCRETE
SLAB ON GRADE

FACTOR OF SAFETY
EXCEEDS 3:1 FOR POINT
LOAD INDICATED

10 KIP POINT LOAD APPLIED
OVER A 4" x 4" FOOTPRINT
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Point Load on Slab
LIC# : KW-06014847, Build:20.22.8.17 AHBL, INC (c) ENERCALC INC 1983-2022

DESCRIPTION: Existing Slab Capacity - Typical Wall Load

AHBL Engineers

2215 North 30th Street

Suite 300

Tacoma, WA 98403

253.383.2422

Project File: 2220760.20.ec6

Project Title: Red Dot Corporation Equipment Foundation
Engineer: ADM
Project ID: 2220760.20
Project Descr: New Equipment Foundations

Code References

Calculations per IBC 2018, CBC 2019, ASCE 7-16

Load Combinations Used : IBC 2018

Analytical Values

100.0
3,605.0

4.0
0.150

3.0 : 1

7.0

Min. Adjacent Load Distance in48.064

ksi
f'c - Concrete Compressive Strength ksi

pcid - Slab Thickness in Ks - Soil Modulus of Subgrade Reaction
Ec - Concrete Elastic Modulus

- Poisson's Ratio

FS - Req'd Factor of Safety

µ

Pn = 1.72  [  (Ks R1 / Ec) 10,000 + 3.6] Fr d^2 Min Adjacent Column Distance =

R1 = 50% plate average dimension = sqrt( PlWid * PlLen) /2 d - Slab Thickness

Ec = Concrete elastic modulus u - Poisson's ratio

Fr - Concrete modulus of rupture = 7.5 * sqrt( f'c )
d - Slab Thickness

Ks = Soil modulus of subgrade reaction

Ks = Soil modulus of subgrade reaction Ec = Concrete elastic modulus

1.5 * ( [ Ec d^3 / (12 * ( 1- u^2 ) Ks ] ^ 1/4 )

Analysis Formulas

GoverningApplied Concentrated Load on Plate - (kip)

E Check(in)LenWidLoad ID
Plate

L

Pu PnR1(in)
D Lr S W Ld Comb (kip)(kip)

Load & Capacity Table

Wall Load Pass, FS= 7.29 >= 33.464.00 12.00 25.00 25.0D Only 182.3

7 INCH THICK CONCRETE
SLAB ON GRADE

FACTOR OF SAFETY
EXCEEDS 3:1 FOR POINT
LOAD INDICATED

25 KIP POINT LOAD APPLIED
OVER A 4" x 4" FOOTPRINT
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Wall Footing
LIC# : KW-06014847, Build:20.22.8.17 AHBL, INC (c) ENERCALC INC 1983-2022

DESCRIPTION: Enviro Chamber Wall Load

AHBL Engineers

2215 North 30th Street

Suite 300

Tacoma, WA 98403

253.383.2422

Project File: 2220760.20.ec6

Project Title: Red Dot Corporation Equipment Foundation
Engineer: ADM
Project ID: 2220760.20
Project Descr: New Equipment Foundations

Code References

Calculations per ACI 318-14, IBC 2018, CBC 2019, ASCE 7-16

Load Combinations Used : IBC 2018

General Information

Material Properties Soil Design Values
2.50

Analysis Settings

250.0ksi
No

ksfAllowable Soil Bearing =
=

4.0

60.0
3,122.0

145.0 = 0.30

Flexure = 0.90

Shear =

Valuesϕ

0.0

Soil Passive Resistance (for Sliding)

1.0

1.0

=

Increases based on footing Width
Allow. Pressure Increase per foot of width = ksf

when footing is wider than = ft:

=

AutoCalc Footing Weight as DL Yes

Adjusted Allowable Bearing Pressure ksf= 2.50

when base footing is below ft

pcf

Increase Bearing By Footing Weight

= pcf

Min. Overturning Safety Factor

=

: 1

Increases based on footing Depth0.750
=

Soil/Concrete Friction Coeff.

Ec : Concrete Elastic Modulus

Min. Sliding Safety Factor

=

=

: 1

Reference Depth below Surface ft
=Allow. Pressure Increase per foot of depth ksf

=

=

=

Concrete Density

=

Min Allow % Temp Reinf.

ksif'c : Concrete 28 day strength
fy : Rebar Yield ksi

Min Steel % Bending Reinf.

Dimensions

Footing Width 2.0 ft=

Wall center offset

from center of footing 0 in

=

=

Wall Thickness 4.0 in

Footing Thickness 7.0 in=

Rebar Centerline to Edge of Concrete...

= inat Bottom of footing 3.0

Reinforcing

#

Bars along X-X Axis

Reinforcing Bar Size

=

4

Bar spacing

=

18.00

Applied Loads

2.0 1.0

D Lr

ksf

L S

P : Column Load
OB : Overburden =

k

W E

M-zz

V-x = k

k-ft

Vx applied = in above top of footing

=

H

=
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Wall Footing
LIC# : KW-06014847, Build:20.22.8.17 AHBL, INC (c) ENERCALC INC 1983-2022

DESCRIPTION: Enviro Chamber Wall Load

AHBL Engineers

2215 North 30th Street

Suite 300

Tacoma, WA 98403

253.383.2422

Project File: 2220760.20.ec6

Project Title: Red Dot Corporation Equipment Foundation
Engineer: ADM
Project ID: 2220760.20
Project Descr: New Equipment Foundations

DESIGN SUMMARY Design OK
Governing Load CombinationFactor of Safety Item Applied Capacity

PASS 0.6338 Soil Bearing 1.585 ksf 2.50 ksf +D+L

PASS n/a Overturning - Z-Z 0.0 k-ft 0.0 k-ft No Overturning

PASS n/a Sliding - X-X 0.0 k 0.0 k No Sliding

PASS n/a Uplift 0.0 k 0.0 k No Uplift

Utilization Ratio Item Applied Capacity Governing Load Combination

PASS 0.3117 Z Flexure (+X) 0.7297 k-ft 2.341 k-ft +1.20D+1.60L

PASS 0.1448 Z Flexure (-X) 0.3389 k-ft 2.341 k-ft +0.90D

PASS 0.240 1-way Shear (+X) 22.766 psi 94.868 psi +1.20D+1.60L

PASS 0.2215 1-way Shear (-X) 21.015 psi 94.868 psi +1.20D+1.60L

Detailed Results

Rotation Axis &
Xecc

Actual Soil Bearing Stress Actual / Allowable

Soil Bearing

Gross Allowable -X +X RatioLoad Combination...

, D Only 2.50 ksf 1.085 ksf 1.085 ksf 0.4340.0 in
, +D+L 2.50 ksf 1.585 ksf 1.585 ksf 0.6340.0 in
, +D+0.750L 2.50 ksf 1.460 ksf 1.460 ksf 0.5840.0 in
, +0.60D 2.50 ksf 0.6508 ksf 0.6508 ksf 0.2600.0 in

Rotation Axis &

Overturning Stability Units : k-ft

Load Combination... StatusOverturning Moment Resisting Moment Stability Ratio

Footing Has NO Overturning

Force Application Axis

Sliding Stability

Load Combination... StatusSliding Force Resisting Force Sliding SafetyRatio

Footing Has NO Sliding

Flexure Axis & Load Combination
k-ft

As Req'd

Footing Flexure

Tension @ Bot.Which Actual As

Statusk-ft

Mu

Side ? or Top ? in^2in^2 in^2

Gvrn. As Phi*Mn

, +1.40D 0.5272 -X Bottom 0.0294 Min for Bending 0.1333 2.341 OK
, +1.40D 0.5272 +X Bottom 0.0294 Min for Bending 0.1333 2.341 OK
, +1.20D+1.60L 0.7297 -X Bottom 0.0408 Min for Bending 0.1333 2.341 OK
, +1.20D+1.60L 0.7297 +X Bottom 0.0408 Min for Bending 0.1333 2.341 OK
, +1.20D+0.50L 0.5387 -X Bottom 0.0301 Min for Bending 0.1333 2.341 OK
, +1.20D+0.50L 0.5387 +X Bottom 0.0301 Min for Bending 0.1333 2.341 OK
, +1.20D 0.4519 -X Bottom 0.0252 Min for Bending 0.1333 2.341 OK
, +1.20D 0.4519 +X Bottom 0.0252 Min for Bending 0.1333 2.341 OK
, +0.90D 0.3389 -X Bottom 0.0189 Min for Bending 0.1333 2.341 OK
, +0.90D 0.3389 +X Bottom 0.0189 Min for Bending 0.1333 2.341 OK

One Way Shear Units : k

Vu @ +XLoad Combination... Vu @ -X Vu:Max Vu / Phi*VnPhi Vn Status

+1.40D 15.184 16.45 16.45 94.868 0.1734psipsipsipsi OK
+1.20D+1.60L 21.015 22.766 22.766 94.868 0.24psipsipsipsi OK
+1.20D+0.50L 15.515 16.808 16.808 94.868 0.1772psipsipsipsi OK
+1.20D 13.015 14.1 14.1 94.868 0.1486psipsipsipsi OK
+0.90D 9.761 10.575 10.575 94.868 0.1115psipsipsipsi OK
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Nelco Architecture, Inc.

Phone:

Suite 1300

Seattle, WA 98101

(206) 408-8500

1200 Fifth Ave.

WWW.NELSONWORLDWIDE.COM
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REINFORCE SLAB ON GRADE W/ #4 AT 18" OC

EA WAY CL IN SHADED FIRST BAY AROUND

BUILDING INCLUDING POUR STRIP
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JOINT TYP - SEE

7" CONC SLAB ON GRADE

OVER 4" CAPILLARY

BREAK PER GEOTECH
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LOCATION OF VAPOR BARRIER BELOW

SLAB. SEE ARCHITECTURAL DRAWINGS
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S1.1

S1.3 S1.2

S1.4

FOUNDATION NOTES:

1. SEE SHEET S0.1 AND S0.2 FOR GENERAL NOTES.  SEE SHEET S0.4 FOR TYPICAL DETAILS.

SEE SHEET S0.3 FOR TESTING AND INSPECTION NOTES.

2. SEE GEOTECHNICAL ENGINEERING REPORT FOR ALL FOUNDATION AND SLAB SUPPORT

REQUIREMENTS. THIS INCLUDES ALL EXCAVATION, FILL AND FILL PLACEMENT

REQUIREMENTS.

3. SEE ARCHITECTURAL/MECHANICAL DRAWINGS FOR DRAINS, SLOPES, AND OTHER FLOOR

DEPRESSIONS NOT SHOWN.

4. SEE ARCHITECTURAL DRAWINGS FOR DIMENSIONS, ELEVATIONS, AND WALLS NOT SHOWN.

5. VERIFY ALL WINDOW AND DOOR WIDTH AND HEIGHTS WITH ARCHITECTURAL     DRAWINGS.

6. SEE ARCHITECTURAL DRAWINGS FOR STUD SIZE, SPACING, AND CALLOUTS AT

NON-STRUCTURAL WALLS.

7. FOR TYPICAL CONNECTION OF NON-LOAD BEARING WALLS TO SLAB,  USE POWER

ACTUATED FASTENERS AT 16" O.C.

8. PANEL DIMENSIONS SHOWN ARE TO CENTERLINE OF PANEL JOINT.  SEE ARCHITECTURAL

DRAWINGS FOR ADDITIONAL PANEL DIMENSIONS.

9. ELEVATIONS OF PANELS ARE SHOWN  STARTING ON SHEET S5.1 THROUGH S5.6.

10. UNLESS NOTED OTHERWISE, TILT-UP PANEL ELEVATIONS SHOW PANELS VIEWED FROM

INSIDE OF BUILDING LOOKING TOWARDS BUILDING EXTERIOR.

11. POUR STRIP CONTROL JOINTS, LOCATE AT PANEL JOINTS AND MIDWAY BETWEEN. AT

TURNS IN POUR STRIP ADD JOINTS FROM MAIN SLAB TO OUTSIDE WALL.

12. SEE 1/S3.2 FOR TRASH ENCLOSURE. SEE ARCHITECTURAL SITE PLAN FOR LOCATION.

LEGEND:

TILT-UP CONCRETE WALL.  FOR REINFORCING REQUIREMENTS

AND JOINT LOCATIONS, SEE TILT-UP CONCRETE PANEL

ELEVATIONS ON SHEETS S5.1 THRU S5.6.

PANEL JOINT BETWEEN TILT-UP CONCRETE WALL PANELS.

##

 FOOTING SCHEDULE

MARK SIZE REINFORCING REMARKS

F6.0 6'-0" x 6'-0" x 1'-2"

(7) #5 EACH WAY AT BOTTOM OF FOOTING

F7.5 7'-6" x 7'-6" x 1'-4"

(7) #6 EACH WAY AT BOTTOM OF FOOTING

FOOTINGS SCHEDULE NOTES:

1. TOP OF FOOTING ELEVATION = -1'-0" UNLESS NOTED OTHERWISE ON PLAN.

2. FOOTING DESIGN BASED ON 2500 PSF ALLOWABLE SOIL BEARING PRESSURE.

3. EQUALLY SPACE REINFORCING IN EACH DIRECTION.

4. PROVIDE 3" CLEAR TO REINFORCING AT BOTTOM OF FOOTING.

Nelco Architecture, Inc.

Phone:

Suite 1300

Seattle, WA 98101

(206) 408-8500

1200 Fifth Ave.

WWW.NELSONWORLDWIDE.COM
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SCALE IN FEET

0 32 64

PERMIT RESUBMITTAL

LOCATE EQUIPMENT 2ft MIN
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