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TO: Jason Cornell 
Step By Step 
3303 8th Ave SE, Puyallup, WA 

DATE: January 6, 2023 

FROM: Andrew McEachern, P.E., S.E. 
Tacoma - (253) 383-2422 

PROJECT NO.: 2220149.20 

 PROJECT NAME: Step By Step Greenhouse Expansion 

  

SUBJECT: Structural Evaluation of Proposed Greenhouse Structure 

   

 
AHBL was recently asked by Step By Step to evaluate the structural design of a proposed Greenhouse 
Expansion to be located at their facility in Puyallup, WA.  The purpose of our review was to determine the 
adequacy of the original greenhouse design, which was originally designed to comply with the IBC 2015 and 
ASCE 7-10 building codes.   

AHBL was provided a copy of the original design calculations from Harnois Greenhouses (dated June 8th, 2017) 
as well as a supplemental letter from Harnois Greenhouses (dated December 12th, 2022) which updated the 
project design criteria to conform with the IBC 2018 and ASCE 7-16 building codes.  Additionally, AHBL had 
previously designed the greenhouse foundations to comply with the IBC 2018 and ASCE 7-16 building codes.  It 
is our understanding that the foundation design has already been reviewed and approved by the City of Puyallup. 

Based upon our review of the original design criteria and comparison with the current design criteria required by 
the IBC 2018, it appears that the proposed greenhouse structures have been designed to meet or exceed the 
code required vertical and lateral loads.  No modifications to the original greenhouse design appear to be 
necessary to comply with the structural requirements of the current building code (IBC 2018 and ASCE 7-16). 

A summary of the original design criteria used by Harnois Greenhouses for the greenhouse structure is: 

Snow Load Criteria:  

• IBC 2015:  30 psf ground snow load, risk category II, heated greenhouse (Ct = 0.85) 

• IBC 2018:  30 psf ground snow load, risk category II, heated greenhouse (Ct = 0.85) 

Wind Criteria:  

• IBC 2015:  110 mph (ultimate), 3-sec. gust, risk category II, exposure B, Kzt = 1, Partially Enclosed 

• IBC 2018:  97 mph (basic wind speed), 3-sec. gust, risk category II, exp C, Kzt = 1, Partially Enclosed 

Seismic Criteria:  

• IBC 2015:  Ss = 1.252, Sds = 0.834, Ie = 1.0, risk category II, site class D, design category D 

• IBC 2018:  Additional information not provided by Harnois Greenhouses 

In comparison, the minimum structural design criteria per the IBC 2018 determined by AHBL is: 

• Snow Load Criteria: 18 psf or 25 psf ground snow load, risk category II, heated greenhouse 

• Wind Criteria: 98 mph, 3-sec. gust, risk category II, exposure C, Kzt = 1, Partially Enclosed 

• Seismic Criteria: Ss = 1.252, Sds = 1.002, Ie = 1.0, risk category II, site class D-default, design category D 
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According to table 7.2-5 from ASCE 7-16, the design ground snow load in Puyallup is 18 psf.  However, a typical 
ground snow load of 25 psf is used throughout low lying areas of the Puget Sound.  Both values are less than the 
30 psf ground snow load used in the original design. Thus, the original design is still valid and complies with the 
current IBC 2018 and ASCE 7-16.  

According to figure 26.5-1B from ASCE 7-16 the current design wind speed is 98 mph, versus 110 mph used in 
the original design based on ASCE 7-10. However, the difference in design wind speed is primarily the result of 
changes to the wind design analysis methodology between the IBC 2015 and 2018 building codes.  The 
calculated design wind pressures will be roughly equivalent between these (2) wind design methodologies / 
building codes. Therefore, the original wind analysis based on the older edition of ASCE 7 should still be 
considered valid. Please see attached ASCE 7-10 and ASCE 7-16 hazard reports.  

For the seismic design criteria there is a slight difference between the original ASCE 7-10 seismic design values 
and the current ASCE 7-16 requirements. Harnois Greenhouses used an Sds value of 0.834 whereas the current 
ASCE 7-16 code requires an Sds value of 1.002. This variation is a result of changes to the minimum soil values 
that can be assumed without a geotechnical report, rather than an increase in the code minimum seismic 
accelerations.  However, due to the light weight of the greenhouse structure, the lateral force resisting system for 
the greenhouse will be governed by wind design, rather than seismic loads.  Therefore, the original structural 
design for the greenhouse is structurally acceptable even with the variation in the seismic design criteria.   

If you have any questions, please call us at (253) 383-2422. 

 

 

ADM/ 
 
Q:\2022\2220149\20_STR\NON_CAD\CALCs\Letter\2220149 memo01 - Greenhouse Code Review.docx 

01/06/2023

PRCA20220482



ASCE 7 Hazards Report
Address:
3303 8th Ave SE
Puyallup, Washington
98372

Standard: ASCE/SEI 7-10 Latitude: 47.186031

Risk Category: II Longitude: -122.250349

Soil Class: D - Stiff Soil Elevation: 73.75 ft (NAVD 88)

Wind

Results: 

Wind Speed 110 Vmph

10-year MRI 72 Vmph

25-year MRI 79 Vmph

50-year MRI 85 Vmph

100-year MRI 91 Vmph

Data Source: ASCE/SEI 7-10, Fig. 26.5-1A and Figs. CC-1–CC-4, and Section 26.5.2, 
incorporating errata of March 12, 2014Date Accessed: Fri Jan 06 2023

Value provided is 3-second gust wind speeds at 33 ft above ground for Exposure C Category, based on linear 
interpolation between contours. Wind speeds are interpolated in accordance with the 7-10 Standard. Wind speeds 
correspond to approximately a 7% probability of exceedance in 50 years (annual exceedance probability = 
0.00143, MRI = 700 years).

Site is not in a hurricane-prone region as defined in ASCE/SEI 7-10 Section 26.2.
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SS : 1.242

S1 : 0.476

Fa : 1.003

Fv : 1.524

SMS : 1.246

SM1 : 0.725

SDS : 0.831

SD1 : 0.483

TL : 6

PGA : 0.5

PGA M : 0.5

FPGA : 1

Ie : 1

Seismic Design Category:

D - Stiff Soil

D
Design Response Spectrum

S  (g) vs T(s)a

MCE   Response SpectrumR

S  (g) vs T(s)a

Seismic

Site Soil Class: 

Results: 

Data Accessed: Fri Jan 06 2023

Date Source: 
USGS Seismic Design Maps based on ASCE/SEI 7-10, incorporating Supplement 1 and errata of March 31, 
2013, and ASCE/SEI 7-10 Table 1.5-2. Additional data for site-specific ground motion procedures in 
accordance with ASCE/SEI 7-10 Ch. 21 are available from USGS.

Page 2 of 3https://asce7hazardtool.online/ Fri Jan 06 2023
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The ASCE 7 Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of 
any kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; 
or has been extrapolated from maps incorporated in the ASCE 7 standard. While ASCE has made every effort to use data obtained from 
reliable sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, 
currency, or quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, 
affiliation, relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE 7 standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE 7 Hazard Tool.

Page 3 of 3https://asce7hazardtool.online/ Fri Jan 06 2023
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ASCE 7 Hazards Report
Address:
3303 8th Ave SE
Puyallup, Washington
98372

Standard: ASCE/SEI 7-16 Latitude: 47.186031

Risk Category: II Longitude: -122.250349

Soil Class: D - Default (see 
Section 11.4.3)

Elevation: 73.75 ft (NAVD 88)

Wind

Results: 

Wind Speed 98 Vmph

10-year MRI 67 Vmph

25-year MRI 74 Vmph

50-year MRI 78 Vmph

100-year MRI 83 Vmph

Data Source: ASCE/SEI 7-16, Fig. 26.5-1B and Figs. CC.2-1–CC.2-4, and Section 26.5.2

Date Accessed: Fri Jan 06 2023

Value provided is 3-second gust wind speeds at 33 ft above ground for Exposure C Category, based on linear 
interpolation between contours. Wind speeds are interpolated in accordance with the 7-16 Standard. Wind speeds 
correspond to approximately a 7% probability of exceedance in 50 years (annual exceedance probability = 
0.00143, MRI = 700 years).

Site is not in a hurricane-prone region as defined in ASCE/SEI 7-16 Section 26.2.
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SS : 1.252

S1 : 0.431

Fa : 1.2

Fv : N/A

SMS : 1.502

SM1 : N/A

SDS : 1.002

SD1 : N/A

TL : 6

PGA : 0.5

PGA M : 0.6

FPGA : 1.2

Ie : 1

Cv : 1.35

Seismic

Site Soil Class: 

Results: 

Data Accessed: 

Date Source: 

D - Default (see Section 11.4.3)

USGS Seismic Design Maps

Ground motion hazard analysis may be required. See ASCE/SEI 7-16 Section 11.4.8.

Fri Jan 06 2023
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The ASCE 7 Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of 
any kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; 
or has been extrapolated from maps incorporated in the ASCE 7 standard. While ASCE has made every effort to use data obtained from 
reliable sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, 
currency, or quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, 
affiliation, relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE 7 standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE 7 Hazard Tool.

Page 3 of 3https://asce7hazardtool.online/ Fri Jan 06 2023

PRCA20220482



 

 

December 12th, 2022 
 
STEP BY STEP 
PUYALLUP, WA 
USA, 98372 
  
Ref:  (1) Luminosa (S9) 30’ x 144’, 12’ under gutter 
 PJ-5251 
 
 
To whom it may concern, 
 
Hereby, we confirm that the Luminosa greenhouse system manufactured by Les Industries 
Harnois Inc. per the project in reference conforms to the following standards regarding 
structural capacity. 
 
Wind Speed: 97 mph, 3-sec. gust, risk category II, exposition C 
Snow Load: 30 psf ground snow load, risk category II, heated greenhouse 
Reference: IBC 2018 / ASCE 7-16 
 
Please note that all design calculations and structural requirements are based on relating 
sections of the IBC 2018. Our 3D structural software does compute all members according 
to the Limit States design standard AISC 360-16 (LRFD). 
 
This notice clarifies and complements all documents and reports already provided for this 
project. 
 
Best regards, 
 
 
 
LES INDUSTRIES HARNOIS INC. 
 
 
 
 

 
 
Genadiy Ebert, P. Eng. 
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1044 Principale,  St-Thomas de Joliette, QC.  J0K 3L0 

Phone: 1-888-HARNOIS Fax: (450) 756-8389 
 

June 8th, 2017 
 
 

STEP BY STEP 
PUYALLUP, WA 
USA, 98271 
 
 
 
Ref:  (1) Luminosa (S9) 30’ x 144’ @ 12’ under gutter 
 PJ-1644rev3, Order 184732 

Step by Step greenhouses 
Puyallup, WA, 98271 
 

 
 
To whom it may concern: 
 
We are pleased to submit to you engineering details and foundations design parameters about the 
greenhouse of referenced project. Please note that our 3D structural software does compute all 
members according to AISC 360-10 (LRFD). The modeling was done using de design criteria of 
International Building Code 2015 for the town of Puyallup, WA. The Luminosa S8 is a light steel 
structure, moment resisting frame in lateral axis, and braced resisting frame in longitudinal axis. 
 
Please feel free to contact me for any questions. 
 
Regards, 
 
LES INDUSTRIES HARNOIS INC. 
 
 
 
 
 
 Carl Savard, P. Eng.
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1044 rue Principale,  St-Thomas de Joliette, Qué.  J0K 3L0 

Tél: 1-888-HARNOIS  Fax: (450) 756-8389 
 
 
 
 
 

GREENHOUSE DESIGN 
 

LUMINOSA S9 30’ @ 12’ GUTTER 
(1) bay x 144’ (4 320 ft2) 

 
 
 
 

 
STRUCTURAL SPECIFICATIONS & 

FOUNDATION DESIGN PARAMETERS 
 

 
 
 
 

 
 

 STEP BY STEP, 2017 
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1- Structural description of the greenhouse. 
 
Structural composition: 
 
 All steel members have a minimum yield of 50 000 psi. 

All steel members tubes, arches, interior posts, are galvanized treated galvalum 
AZ150. 
All steel sheets, gutters, are galvanized treated Z600. 
All steel welded connector & bracket, exterior posts, are hot dipped galvanized. 
All aluminium mouldings are made with 6063-T5 or 6063-T54. 
All bolts are made with Zinc-Nickel plated steel grade 5. 
 

Please note that our 3D structural software does compute all members according to the Limit 
States design standard AISC 360-10 (LRFD). 
 
 
Greenhouse structures: 
 
- Greenhouse geometry is Luminosa (S9) 30’. 
- Column height under gutter is 12’. 
- Exterior anchors elements are made with 3-1/2’’ x 3-1/2’’ x 0.120’’ spaced at 12’ c/c. 
- Exterior columns elements are made with 3-1/2’’ x 3-1/2’’ x 0.120’’ spaced at 12’ c/c. 
- Structural gutter is made from steel sheet of 0.138’’ (10GA). 
- Arch elements are made with Harnois Strong Oval tubes 2’’ x 3-9/16’’ x 0.083’’ spaced at 6’. 
- Arch unions are made with Harnois Strong Oval tubes 2’’ x 3-9/16’’ x 0.083’’ spaced at 6’. 
- X-Bracings are made with square section of 2-1/2’’ with wall thickness of 0.083’’. 
- Trusses 20’’ spaced at 12’ c/c are made with following elements: 
 - Top Chord and Bottom 1-1/2’’ x 2-1/2’’ x 0.065’’ 
 - Web 1-1/4’’SQ x 0.049’’ 
- Trusses are longitudinally stabilised with link. 
- Gable end framing are made with following elements: 

- Upright Harnois oval 1-5/8’’ x 2-3/4’’ x 0.065’’. 
- Links square tube of 1-1/4’’SQ x 0.049’’. 

- Gable end reinforcement is made with following elements: 
- Horizontal members made with Harnois oval 2-1/2’’ x 3-1/2’’ x 0.083’’. 
- Diagonal supports made with square tube of 2-1/2’’SQ x 0.083’’. 
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2- Design loads basis 
   
Loads, load combinations and safety margin were modeled based on International Building 
Code (IBC) 2015 and design loads criteria given by ASCE 7-10 for the city of Puyallup, WA. 
The risk category of the building based on customer usage was establish RISK CATEGORY II.  
For the greenhouse in reference, the following loads were applied: 
 
Dead Load (D): 
 

 Structure weight (all steel members, roof, gutter and systems weight). 
 Cladding weight. 

 
Snow Load (S): 
 

 30 psf ground snow load in accordance with ASCE 7-10. Exposure Factor of (Ce) of 
1.0 and thermal factor (Ct) of 0.85 was applied for a continuously heated 
greenhouse (ASCE 7-10 table 7-2 & 7-3). Uniform snow load and unbalanced snow 
load were analysed (ASCE 7-10 figure 7-5).  

 
Wind Load (W): 
 

 A wind speed of 110 MPH, 3 seconds gust (ASCE 7-10, Cat II, Exposure B, Partially 
Enclosed building) is used to established the wind pressure (P1 & P2) applied on 
the structure. P1/P2 mean internal pressure is negative or positive. 

 
Seismic Load (E): 
 

 The seismic design category (SDC) was calculated based on the design spectral 
response accelaration Sds = 0.834 at site Class = D, Risk Cat II. Luminosa 
greenhouse is a light steel structure, moment resiting frame in lateral axis, and 
braced resisting frame in longitudinal axis. This greenhouse model is used accross 
seismic regions.  
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Typical Loads : 
 
The following pictures show examples of load distribution used to determine the greenhouses 
design: 
  

Typical examples of loads distribution applied on Luminosa S9 30P model 
 

Dead Load: 
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Uniform Snow load: 

       
 

Unbalanced Snow Load: 
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Wind load (P1): 
 

 
Wind load (P2): 

 

 
 

Figure 1 : Typical loads applied on greenhouse  
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3- Load combinations 
   
The load combinations being used and specified by ASCE 7-10 section 2.3.2 using strength 
design. The following combinations were analysed: 

 
LC 1: 1.4 (D) 
 
LC 2: 1.2 (D) + 1.6 (S(1)) 
 
LC 3: 1.2 (D) + 1.6 (S) + 0.5 (W(2)) 
 
LC 4: 1.2 (D) + 1.0 (W) + 0.5 (S) 
 
LC 5: 1.2 (D) + 1.0 E + 0.2 (S) 
 
LC 6: 0.9 (D) + 1.0 (W) 
 
LC 7: 0.9 (D) + 1.0 (E) 
 
(1) Uniform Snow Load and Unbalanced Snow Load are analyzed in all combination. 
(2) W(P1) and W(P2) are analyzed in all combination.  
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4- Foundations design parameters 
 

The foundations parameters is given for the load which govern the greenhouse design: the 
uniform snow load and wind load. The table 1 below shows OVERALL non-factored 
reactions forces: 

 
Table 1: Overall reactions forces non-factored 

Load combination Rx (lb) Ry (lb)* RMz (lb*ft) 
1.0*Dead 0 7 345 0 

1.0*Dead + 1.0*Snow 0 79 660 0 
1.0*Dead + 1.0*Wind P1 47 674 - 4 832 123 732 
1.0*Dead + 1.0*Wind P2 21 373 -129 100 51 574 

* Ry negative is an uplift force. 
 

 
Figure 2 : Greenhouse Overview 

 

PRCA20220482



 

9 
 

 
 
 
 

The table 2 belows shows maximum individual non-factored reactions forces take on center 
typical axis: 

 
Table 2: Individual maximum reaction forces non-factored 

No joint  Combination  Rx (lb)  Ry (lb)  RmZ (lb*ft)

1  1.0D  0  295  0 

1  1.0D + 1.0S  0  3 187  0 

1  1.0D + 1.0WP1  ‐2 725  ‐739  5 913 

1  1.0D + 1.0WP2  ‐523  ‐5 461  1 512 

2  1.0D  0  295  0 

2  1.0D + 1.0S  0  3 187  0 

2  1.0D + 1.0WP1  ‐852  283  3 278 

2  1.0D + 1.0WP2  ‐1 094  ‐4 864  2 359 

 Rx can be positive or negative depending the wind direction. 
 Ry negative is an uplift force. 
 D- Dead Load 
 S- Snow Load 
 WP1- Wind P1 is when the internal pressure is negative. 
 WP2- Wind P2 is when the internal pressure is positive (parachute wind).   

 
Figure 3 : Typical Center Axis ID 
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The table 3 belows shows maximum individual factored reactions forces take on center 
typical axis: 

 
Table 3: Individual maximum reaction forces factored 

No joint  Combination  Rx (lb)  Ry (lb)  RmZ (lb*ft)

1  1.4D  0  413  0 

1  1.2D + 1.6S  0  4 982  0 

1  1.2D + 1.0WP1  ‐2 724  ‐680  5 911 

1  1.2D + 1.0WP2  ‐522  ‐5 402  1 511 

2  1.4D  0  413  0 

2  1.2D + 1.6S  0  4 982  0 

2  1.2D + 1.0WP1  ‐852  342  3 280 

2  1.2D + 1.0WP2  ‐1 095  ‐4 805  2 360 

 Rx can be positive or negative depending the wind direction. 
 Ry negative is an uplift force. 
 D- Dead Load 
 S- Snow Load 
 WP1- Wind P1 is when the internal pressure is negative. 
 WP2- Wind P2 is when the internal pressure is positive (parachute wind). 

 
** Please note that with the method of calculation for wind load in accordance with 
ASCE 7-10, the difference between the non-factored and factored reactions forces are 
low. The ASCE 7-10 method already factored the Wind Speed in accordance with the 
building risk category. The soil bearing capacity must be factored accordingly.  

 

PRCA20220482



 

11 
 

 
 
 
 

4- Conclusion 
   
Harnois Greenhouses is a division of Industries Harnois Inc, a Canadian manufacturer of steel 
structures to develop and manufacture greenhouse that contribute to the goals achievement 
of our customers. Every greenhouse family is modeled with 3D structural software and 
mechanically tested for modeling validation. 
 
The Luminosa S9 (1) x 30’ x 144’ @ 12’ under gutter was designed to support climatic 
conditions required by the IBC 2015 for the town of Puyallup, WA:  
 

Snow load = 30 psf, ground snow load, heated greenhouse 
Wind speed = 110 MPH, 3 sec gust, ASCE 7-10, Cat 1, Exp. B, Partially  Encl. 

 
Here is the summary of the maximum column reaction: 
 

Non-factored Factored 
2 725 pounds in lateral force (Rx) 2 724 pounds in lateral force (Rx) 

3 187 pounds in compression (Ry+) 4 982 pounds in compression (Ry+) 
-5 461 pounds in uplift (Ry-) -5 402 pounds in uplift (Ry-) 

5 913 pounds*foot in moment (RmZ) 5 911 pounds*foot in moment (RmZ) 
 
 
Please contact me, should you have any questions or if you need additional information. 
 
Best regards. 
 
LES INDUSTRIES HARNOIS INC. 
 
 
 

 
______________________________________ 
Carl Savard, P. Eng. 
Engineering Manager 
LES INDUSTRIES HARNOIS INC. 
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