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4. ZLC should consider the truss fractures as not normal; affecting  a series of trusses, possibly 
more.  It is recommended to NOT occupy the building since there is evidence of movement in 
the roof structure which may have loosened the plaster ceilings and walls.   Falling plaster 
may be dangerous to occupants until tested for adhesion.  Also, compromised trusses are 
difficult to evaluate and therefore cannot be trusted to perform the load bearing tasks they 
may encounter. [Congregation immediately closed the Church Building for public use]. 

 
5. Until proven otherwise, ZLC should assume that the walls are bowing out (and not built out 

of plumb originally), which would be consistent with truss failure. 
 

6. The purpose of the initial visit was to confirm or deny that the cracks are cosmetic in nature.  
Now knowing that they are not cosmetic in nature and the cracks are indicators of a more 
serious problem, DKA recommended further investigation to determine the extent of the 
problem.   A Proposal for Services was provided to  review all the truss locations  (that can be 
reasonably accessed).  The Proposal did not include specific repair solutions or cost estimates 
but did include discussion about approaches to repair or stabilization. 

 
 
TRUSS SURVEY & REPORT 
 
The remainder of this report is the result of that more in depth investigation.  On 9 April 2014, Dennis 
Kowal and Stephen Malyszka made a more thorough investigation of the attic trusses (visual survey of 
the trusses, no calculations, no design solutions).  The team was accompanied for the entire duration by 
Frank Avalone  of A&A Construction Management.  Frank stayed below the attic level.  Members of 
the Building Committee joined in at various times and stayed to hear the verbal findings.  Work lights 
and walking planks were set up in the attic area and the following methodology was established: 
 
METHODOLOGY 
 

1. The trusses were labeled in pink chalk for identification in the photos.  Yellow chalk marks 
are presumably from the original time of construction. 
 

2. Plans were created of the truss layout and marked in the field with the extent of damage.  
Because of the numerous fractures, this proved to be difficult under the circumstances and a 
photo option was substituted.  The photographs were studied in the DKA offices and the 
information was transferred to the plans and truss details sheets later. 
 

3. All unusual conditions were photo-documented from Front of Truss (South Face) and Back of 
Truss (North Face). 

 
4. Dennis and Steve divided the work of viewing the conditions and compared notes as 

conditions were observed. 
 

5. No members of the congregation or subcontractors viewed the trusses first hand or came into 
the attic. 

 
6. No time limit was set on the investigation but access to some of the areas such as the attics 

above the building appendages (porches, above Chancel, etc.) were not observable due to 
access and height limitations.   

 
7. Due to the tight conditions, the truss tails which rested on the plate were not observable.  

Sections of the roof or ceiling would need to be removed to accurately observe.  ZLC decided 
at the time of the first observation to defer that cost to the future if it was really necessary.  
Joseph Clarizio of A&A Construction Management gave a proposed cost of $7,500 to open 
and close parts the walls or ceiling so DKA could see the truss tails and construction behind 
the cracks. 
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8. A plumb line and extension ladder were used to check the outside of the West masonry wall 
from the eave down to the water table projection. 

 
9. The trusses were labeled 1 through 28 from North (Chancel) to South (Entry) and the North 

Face of the truss (facing Chancel) was labeled as the “B” for Back  and the South Face of the 
truss was labeled “F” for Front.  Finally the Left Side was labeled with an “L” determined by 
facing the Chancel, and similar for the Right Side marked with an “R”.   In this methodology, 
both the Back and Front of the same  half of the truss would carry either all “R’s” or all “L’s”. 
 

10. The trusses under the steeple were examined but not labeled because no issues were found in 
this area which appeared solid and free of fractures. 

 
 
 
 
EXECUTIVE SUMMARY: 
 
After about five hours of truss observation, it was determined that the fractured trusses were not an 
isolated occurrence in just one area.  This Finding tends to broaden the options of  how this occurred.  
For example, a strong wind shear during a violent storm such as Hurricane Irene combined with an 
lateral impact from a  tree combined with loosened connections in the trusses could produce this 
overall result.  Conversely, the leaves on the fallen tree could have absorbed the wind gust and 
shielded the roof thus explaining why the trusses were not as fractured under the shadow of the fallen 
tree as everywhere else.   However, it is not possible to visually determine whether the trusses failed 
from under-design, impact,  temporary overloading,  wind shear, or improperly dried lumber.  
 
It is not unusual for trusses of this design to move and even crack over time.  The design is the “scissor 
truss” which combines two intersecting triangles.  Triangles are an inherently rigid shape and are 
excellent in resisting forces with a minimum of structure while maintain their shape.  However, in this 
case, the scissor truss design with the very high collar tie (moved up to allow the curved ceiling) is 
subject to some movement  like the handles of a pair of scissors.  Hence the name.    The trusses 
probably moved (“scissored”) back and forth slightly allowing undesired forces to occur at the 
connections; fracturing the members  in the process. 
 
Truss design is a complicated mathematical calculation and a review of the design is not part of the 
services at this time.  Compromised trusses do not have a known load capacity and must be replaced or 
repaired and load-shedded.  At different times, a member in a truss can be under either compression or 
tension depending on how the live loads are imparted (wind direction, snow drifting, etc.). 
 

1. 90% of the trusses have issues of varying degrees among the following: 
a. Cracked (partial split not all the way through) 
b. Fractured (split all the way through) 
c. loose bolted connections 
 

2. Some areas, namely trusses 1 through 10, appear to have been stressed the most as the ridge 
has also split. 
 

3. While it isn’t unusual for an occasional hairline to develop in some members over time 
because of some latent imperfection in the wood which may start at a knot or at a nail driven 
too close to an edge, etc., it is not usual to have these many splits, in these locations, and to 
have the splits open up (in some cases more than a ¼”).   
a. Many fractures seem to be from twisting at the bolts. 
b. Other fractures ran continuously through a member from end to end. 
c. The ridge was fractured across ten trusses. 

 
4. The least amount of fractures occurred at the impact zone of the tree.   
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5. Since so many trusses have fractures, the natural tendency for forces to spread (in effect 
“bridging” over some weaknesses) and share the load is compromised.  Most of the members 
are now weaker than design assumptions because of the fractures and there are now no normal 
trusses to carry the load for others weaker trusses. 
 

6. Trusses that do not have visible fractures are likely still under great stress.  Adjacent trusses 
may be underperforming and there are new stresses from the bearing walls moving outward.  
More fractures could be imminent.  Wood is an organic material and not entirely uniform in 
nature.  Construction handling, natural imperfections, and what the exposure has been all 
affect its performance. 
 

7. Because of the burden placed on the trusses without visible fractures, they could pop at any 
time.  In essence, an unusual storm load could cause a domino ripple failure. 
 
 
 
 

NEXT STEPS 
 
The structure is not safe in the current condition.  The Church may either stabilize, repair or replace the 
failed members.  Before a final determination of cost, approach and whether to stabilize, repair or 
replace, it is necessary to analyze the original truss design.  It is likely that after analysis, the trusses 
can be repaired rather than replaced thus saving construction time and money.  The recommended next 
steps are: 
  

A. Structural analysis of the truss design, calculations, and recommendations for repair.  
B. Construction Documents of the repair for permits and bidding.   
C. Construction Administration to observe that the repairs are made correctly and to answer 
questions during the work. 

 
Temporary stabilization costs may also be similar enough in cost to the permanent stabilization, that 
the temporary stabilization can be just replaced with the final design stabilization thus again saving 
construction cost. 

 
 

DISCUSSION OF OPTIONS  
 
Even before a final solution can be designed, should Zion Lutheran Church wish to make a full repair, 
it is necessary to do more investigation.  The areas that could not be visually scanned (the tails of the 
trusses) should be exposed to further understand the issues and to be sure all the forces at work are 
understood.   Repairs will also require a means to bring large length materials into the space.  The 
options are to work from below by removing all or some of the curved ceiling or to work from above 
by removing all or some of the roofing and sheathing.  It is more cost effective approach is to remove 
the ceiling which also does not expose the structure to the elements.  To investigate the sill plate and 
truss tails either vantage point works, but removing a small portion of the ceiling does not have 
weather and exposure issues like removing a portion of the roof. 
 
 
TEMPORARY STABILIZATION 
 
Exterior Braces could be buttressed against the outside wall to stabilize the building.  Braces would 
obstruct immediate construction of an addition or expansion of lower level wells.  A scaffolding or 
stabilization contractor can rent or provide lateral bracing and install it quickly.  All work requires 
drawings and permits. 
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