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November 6, 2017 
 
Mr. John Erickson 
DSGW Architects 
2 West First Street, Suite 201 
Duluth, MN 55802 
 
 
Sent by Email to: jerickson@dsgw.com 
 
Re: Grand Rapids IRA Civic Center – West Venue Roof Capacity Review 
NCE Job No. 17-665 
 

Dear John, 
 
NCE was retained to field measure and perform an analysis of the existing West Venue 
Roof Structure for snow loading.  It is our understanding that this information would be 
utilized to assist planning for the future of the overall facility. Although our scope was 
limited to this analysis, the results are concerning, and we have therefore provided this 
limited written summary report and also plan to attend a meeting to present this 
information on 11-8-2017 (and be available for questions).   
 
The original building was apparently constructed in about 1962 by a non-profit 
community organization called the Itasca Recreation Association (IRA).  We do not 
have access to original construction documents.  Based on our discussions and 
observations, the venue was later expanded (apparently in the early 1980’s) to the north 
approximately 40 feet by adding two new trusses and roof purlins.  A large addition 
including an additional East Venue and entry area was added in 1995.  The truss 
members of the 1980’s addition are significantly larger than those of the original 1962 
building having the same span and spacing. 
 
The trusses spaced at 20 feet on center spanning 132’ are made from doug-fir glue 
laminated engineered timber.  The web members are solid doug-fir and connected with 
steel plates to the top and bottom chord members of the truss. 
 
Review of Documentation: 
1. We reviewed the three documents from Stuart Anderson P.E.  These documents 
include: 

a) Documentation and repair of a roof truss diagonal web member (3/25/2001).  
This document describes the failure of a web member due to unbalanced but 
moderate snow loading and the repair procedures done in order to re-open the 
venue.  No structural analysis was completed for the trusses but Mr. Anderson 
did recommend that one be performed.  This analysis was apparently not 
completed until now. 
b) An Engineering Study and opinion regarding the addition of speakers 
supported from the roof structure (9/28/2007).  No structural analysis was 
completed for this study. 



 

 

c) Structural Engineering Memorandum (2/13/2017) regarding the installation of a 
new air duct supported from the roof structure.  A limited structural Analysis of 
specific members was apparently completed for this study. 

2. We reviewed the construction documents from the 1995 Addition to the facility. 
 
Code Requirements: 
1. The State of Minnesota did not adopt a statewide building code until 1971 by 
adoption of the 1970 Uniform Building Code.  Therefore the design loads used for the 
building in 1962 were likely determined by the engineer / Architect. 
2. Generally, the Uniform building code (UBC) remained in effect from 1971, updated 
every three to 6 years until 2003 when the 2000 international building code (IBC) was 
adopted in Minnesota.  Under the UBC, the snow load requirement for the Grand 
Rapids area was generally close to 30-35 psf and did not consider unbalanced roof 
snow loads.  (unbalanced snow load is when snow accumulates more on one side of a ridge 

assisted by the wind)  When the IBC was adopted in 2003, the required snow loads were 
significantly changed / increased.   
3. The required uniform snow load for this building is now 46 psf. (an increase of 53% 
compared to 30 psf as would be appropriate in the 1980s.) 

4. The current required unbalanced design snow load for this roof structure is 
approximately 92 psf maximum near the eave to 23 psf at the ridge. 
[Engineers Note:  Measured, snow density measurements generally vary from 15 pcf to nearly 
28 pcf which means that current 46 psf design load is approximately 2 to 3 feet of snow]  

5. Under the current 2015 Minnesota Conservation code:  Generally the existing building 
is not required to be improved to resist current design loads unless: 

a) The use changes 
b) Additional weight is added 
c) Additional thermal insulation is added 
d) The building experiences a partial or total collapse 
e) If there is a significant risk of collapse  
 

Structural Analysis Description: 
We have field measured the existing roof trusses and roof purlins (roof members 

spanning between trusses).  We have used both a three-dimensional computer model and 
traditional hand calculations to generate and verify our results of analysis (see 
attached).  We have also revisited the site to verify our measurements. 
Structural analysis is defined as “the determination of the effects of loads on physical 
structures”.  In our analysis we used code prescribed loading as discussed above as 
well as several reduced loading conditions to determine the appropriate “design load 
capacity of the structure”.  This design load capacity does not mean that this is the load 
in which failure will occur.  Instead, the design load capacity is the calculated capacity of 
the structure based on accepted and published design material strengths of the 
materials in place and sound engineering principals. 
   
Results of Analysis: 
1. The Roof purlins (3 ½ x 13 D.F.) have a design snow load capacity of approximately 
25 psf. 



 

 

2. The 1962 Roof Trusses have a uniform snow load design capacity of approximately 
20 psf. 
3. The 1980’s era roof trusses have a uniform snow load design capacity of 
approximately 30 psf. 
4. Under unbalanced snow loading, several slender truss web members change from 
tension members to compression members, when this occurs, the truss can support 
only a design load of 15 psf over one half of the truss. 
5. Connections:  The connection capacity generally follows the member capacity, in 
other words the 1962 truss appears to have been professionally designed for 20 psf and 
the 1982 truss appears to have been professionally designed for 30 psf (both for 
uniform loading only) 
 
Site Observations and discussions: 
1. The existing structure appears to be performing fairly well.  During our visit however, 
we did observe a few web members of the 1962 trusses that appear from the ground to 
be slightly bowed or out of alignment.   
2. The cast-in-place Concrete piers supporting the trusses and the masonry walls 
appear to be performing adequately. 
3. We discussed previous damage to adjacent roof top units from sliding snow. 
4. We noted that insulation and a new membrane roof were added in the 1995 
construction documents. 
 
Professional Opinions: 

1.  In our professional opinion, the severe under-capacity of the 1962 roof trusses is 
a dangerous condition and should be corrected.  We recommend reinforcing or 
replacing the existing roof structure as soon as possible. 
Note: 
a) This is a situation where the facility is most highly used during the winter 
season when several hundred people could be seated under a roof with only 
minimal unbalanced snow loading capacity.   
b) A partial failure (web truss member failure) due to unbalanced loading has 
occurred in the past.  This failure could potentially have resulted in a progressive 
collapse of the roof structure.  
c) Since the time of the partial failure, the condition has apparently been slightly 
worsened by added insulation, ductwork and mechanical systems. 
 

2. We understand that this cannot be corrected immediately and that the building 
has stood basically undamaged for nearly 55 years.   

3. Based on the above, we recommend the following until the situation is corrected.  
a) Signage should be considered to warn the public and employees of the 
significant under-capacity of the roof structure for snow loading.  This could 
potentially remind them to remove snow etc. 
b) If a significant snow event occurs that results in more than 1 foot of snow 
being supported on the roof, the roof should be hand-shoveled before the facility 
is occupied. 



 

 

c) If an event is scheduled in this facility during a severe snow event, that event 
should be moved to the east venue or cancelled.   

 
 
 
Sincerely, 
 
 
 
Jon E. Aamodt, PE 
Principal Partner 
  

Professional Certification: 
I hereby certify that this plan, specification or report was prepared 

by me or under my direct supervision and that I am a duly Licensed 

Professional Engineer under the laws of the State of Minnesota. 

 

       
Jon E. Aamodt, P.E.  Date 

MN Reg. No. 24838 

 

11-06-17
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Unbalanced loading exhibit - curved roofs
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Northland 
Consulting Engineers L.L.P. 

 
Structural, Civil and Forensic Engineering Services 

November 9, 2017 
 
Mr. John Erickson 
DSGW Architects 
2 West First Street, Suite 201 
Duluth, MN 55802 
 
 
Sent by Email to: jerickson@dsgw.com 
 
Re: Grand Rapids IRA Civic Center – West Venue Roof – Truss Web Failure  
NCE Job No. 17-665 
 

Dear John, 
 
This report is a follow-up on our previous report dated 11-06-17 and our discussions 
and observations from our visit yesterday. 
 
We visited the facility on Wednesday 11-8-17 to attend a meeting to discuss the results 
of our analysis.  Those results show that a 15 psf unbalanced snow load will cause the 
truss to be at design capacity and that with 20 psf of uniform snow loading, the roof 
trusses are at or above the design capacity.  Note: 15 psf is approximately 8” to 10” of 
normal weight snow or maybe 6” of heavy wet snow. 
 
When we arrived, we walked the east bleachers and discovered a failed member of the 
5th truss from the north end of the building.  Based on our analysis, the failed member is 
one of the members most effected by an unbalanced loading condition.   
 
We directed the manager to get the truss shored up immediately and to get the truss 
member replaced. 
 
After the meeting, we observed the roof snow loading from the adjacent roof and noted 
that only a few inches of snow appeared to be on the roof.  We also observed the truss 
again and noted that the adjacent web members were bowed significantly and appear to 
be in danger of failure.  We directed the Manager to close the West Venue and to shore 
the truss. 
 
This report is a follow-up on that conversation and our previous report. 
 
Recommendations and Opinions: 
 
1. Shoring:  The top and bottom chord of the truss should be supported from the ground 
surface until the repair is made.  It is not sufficient to shore only the bottom chord. 



 

 

2. Since very light snow loading appears to have caused this failure and the failure 
appears to have nearly caused the collapse of a roof truss that could have endangered 
the entire facility and the occupants, it is our professional opinion that some long-term 
deterioration of the wood capacity has occurred.  Based on our discussions with NRRI 
this morning, this deterioration can be due to long term alternating wet and dry 
environments that can affect the fiber strength of the material. 
 
3. Since the design capacity is extremely deficient as noted in our previous report, any 
deterioration of the capacity of the wood members is extremely concerning in our 
opinion. 
 
4. In our professional opinion the West facility should not be used in the winter months 
unless / until the building official, building ownership and other parties agree on 
temporary measures to protect the public and adjacent structures. 
 
We are available for the above recommended discussions and would appreciate the 
opportunity to find solutions to this issue. 
   
 
 
 
Sincerely, 
 
 
 
Jon E. Aamodt, PE 
Principal Partner 

Professional Certification: 
I hereby certify that this plan, specification or report was prepared 

by me or under my direct supervision and that I am a duly Licensed 

Professional Engineer under the laws of the State of Minnesota. 

 

       
Jon E. Aamodt, P.E.  Date 

MN Reg. No. 24838 

 

11-09-17

(see attached photos)
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Northland 
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Structural, Civil and Forensic Engineering Services 

November 15, 2017 
 
Mr. John Erickson 
DSGW Architects 
2 West First Street, Suite 201 
Duluth, MN 55802 
 
 
Sent by Email to: jerickson@dsgw.com 
 
Re: Grand Rapids IRA Civic Center – West Venue Roof – Truss Web Member 
Repair  
NCE Job No. 17-665 
 

Dear John, 
 
This report is intended to follow up on our previous reports dated 11-06-17 and 11-09-
17 and our discussions discussions with Matt Wegworth (City Engineer) and Travis Cole 
(City Building Official) yesterday.  Also included is a requested detail for properly 
replacing the failed truss member discussed in our 11-09-17 report. 
 
The Original report summarizing our analysis of the roof structure dated 11-06-17 stated 
that the existing roof design capacity of the west venue wood roof structure was 
determined to be approximately 20 psf based on member sizes and like new condition 
of the members.  We stated that we consider this condition to be dangerous and should 
be corrected as soon as possible.  Since the roof has adequately performed for over 50 
years, we recommended that the snow load be controlled to less than 1 foot, that 
consideration be given to posting notice of the diminished capacity and to cancel events 
during a significant snow event.    
 
The follow up report dated 11-09-17 discussed the issue regarding the failure of a 
significant truss web member under minimal loading. The failure apparently occurred 
between 10-24-17 and 11-08-17 with no large snow event and only approximately 3 
inches of snow on the roof when we visited.  In this letter, we concluded that the failure 
could potentially be a result of the wood being somewhat weakened by long term 
moisture changes in the material and that our confidence in the calculated capacity is 
diminished by the partial failure.   This letter recommended that the truss be shored, and 
that the facility not be used unless and until the building official and the building 
ownership can agree to stringent maintenance procedures to adequately protect the 
public.  In other words, we did not further prescribe these further procedures but leave 
this to the building official and the management to work out knowing the potentially very 
weak condition. 
 



 

 

Based on our discussions and further review of the failure.  We determined that the new 
web failure did occur in the same truss as a previous failure and repair in 2001.  We 
also noted that the previous failure was in an adjacent web member.  Since it is possible 
that the diminished capacity of the member could also be due to incorrect procedures in 
the previous repair, we informed the building official and staff of this possibility.  This 
information along with their internal discussions and planning has apparently led them 
to instruct NCE to provide a repair detail for the broken web member.   
 
Attached to this letter, please find our repair detail for the failed member.  In our opinion, 
it is possible that this failure is partially due to improper repair in the past, but it is also 
possible that the failure under light loading is partially or completely due to reduced 
capacity due to long term moisture changes.  Therefore, as we discussed, in our 
professional opinion: 
1.  The public should be informed and protected from snow loading on the roof as 
determined by the building official and the ownership with the knowledge that a partial 
failure has occurred with less than 6” of snow on the roof.  The procedures for doing so 
are to be determined by the ownership and building official.  Note: unbalanced loading 
(loading on one side of the roof only) is of particular concern as it causes members 
designed for tension to be placed into compression. 
2. The repair of this member, if properly installed per the drawing, meets or exceeds the 
capacity of the original member, but does not improve upon the overall capacity of the 
truss or overall roof structure. 
3. The venue should be closed during a significant snow event, with the understanding 
that a partial failure has occurred with less than 6” of snow on the roof. 
   
 
 
 
Sincerely, 
 
 
 
Jon E. Aamodt, PE 
Principal Partner 

Professional Certification: 
I hereby certify that this plan, specification or report was prepared 

by me or under my direct supervision and that I am a duly Licensed 

Professional Engineer under the laws of the State of Minnesota. 

 

       
Jon E. Aamodt, P.E.  Date 

MN Reg. No. 24838 

 

11­15­17

Attached:  Web Member repair detail 1/S
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