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1. Introduction 

On October 19, 2021, at approximately 1:30 p.m., wood roof trusses collapsed and fell 

onto the ground floor at 1550 South Volusia Avenue, Orange City, Florida, where a 

Dollar General store was under construction (see Figure 1). Due to the collapse, two 

employees were injured after falling approximately 12 feet. A third employee cutting 

lumber on the ground floor inside the building, was fatally crushed by the falling trusses. 

 

Local police and fire departments immediately responded and engaged in rescue. 

Personnel from OSHA’s Jacksonville Area Office (AO) arrived at the scene after the 

incident. In November 2021, Federal OSHA’s regional administrator for Region IV 

requested assistance from OSHA’s National Office, Directorate of Construction (DOC) 

in Washington, DC, to assist in the technical assessment of the collapse and determine the 

cause of the incident. 

 

A structural engineer from the Office of Engineering Services (OES) in DOC reviewed 

the construction documents and supporting calculations and conducted an independent 

analysis to determine the cause of the collapse. 

 

DOC’s investigation included the following items:  

(1) Review of witness accounts. 

(2) Review of construction plans and structural calculations. 

(3) Review of actual construction activities and photographs taken during 

construction and after the incident. 

(4) Structural analysis to determine the structure's adequacy and probable failure 

mechanism. 
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Based on the evidence collected, observations of the collapsed structure, and structural 

analyses performed, DOC concludes that: 

1. The failure of the trusses occurred because of the out-of-plane buckling of the 

trusses due to inadequate bracings. 

2. The truss erector did not consult a professional engineer to design and determine the 

size and location of temporary bracings, as is required by industry practice if the 

truss span exceeds 60 feet. The span of the failed trusses was 70 feet. 

3. The temporary bracings provided by the erector were considered inadequate as per 

the industry requirements, even for trusses having spans 60 feet or less. 

4. The load-bearing walls supporting the trusses at the site did not cause the collapse 

of the trusses. 

5. The trusses as erected were unstable and therefore structurally inadequate for 

employees to use as anchors for fall protection. 

6. Wind was not a causal factor. 

 

 
Figure 1 – Site location map 

(Modified from Google Maps) 
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2. Construction Project 

The project consisted of constructing a one-story commercial building 70 feet wide and 

130 feet long (see Figure 2). The ground floor was a 6-inch-thick concrete slab on grade. 

The framing walls (bearing walls) on four sides consisted of 2x6 lumber studs at 16 

inches on center with double 2x6 top plates (see Figure 3). All framing walls were 

supported on a 2x6 bottom plate over 2-feet-wide continuous concrete footing. The north 

and south framing walls supported the roof trusses. The roof framing consisted of 66 

wood piggyback base trusses spanning 70 feet in the north-south direction and spaced at 

2 feet on center in the east-west direction (see Figure 4). The trusses were called 

piggyback because a piggyback base truss was used to support another smaller truss 

(piggyback truss) on its top chord at its north and south end. The framing walls on four 

sides and all piggyback base trusses had been constructed prior to the collapse. The 

smaller trusses were not installed at the time of the incident (see Figures 4 and 5). 

 

Key participants in the project are listed below and shown in Figure 6: 

 

Owner:    HSC Orange City, LLC, Daphne, AL (HSC) 

Architect:    Adams Stewart Architects, LLC, Robertsdale, AL 

(Adams Stewart) 

Structural Engineer:   Jade Consulting, LLC, Fairhope, AL  

(Jade Consulting) 

General Contractor:   Fulcrum Construction Group LLC, Daphne, AL 

     (Fulcrum) 

Building Construction Contractor: WW Build, Inc., Deland, FL (WW Build) 

Framing Contractor:   Jeff Brown Construction LLC, Winter Springs, FL 

     (Jeff Brown Construction) 

Roof Truss Designer/Manufacturer: A-1 Industries of Florida, Inc, Fort Pierce, FL 

(A-1 Roof Trusses) 

Truss Erector:    Top Rank Construction Inc, Orlando, FL 

     (Top Rank) 
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The property is owned by HSC, which contracted with Fulcrum as the general contractor 

(GC) to construct the building. Adams Stewart was the architect for the project, and Jade 

Consulting was the engineer of record. Both were retained by HSC. Fulcrum 

subcontracted with WW Build to construct structural components, including concrete 

slab, site concrete dumpster pad, building erection, and interior wood framing, masonry, 

and siding. WW Build subcontracted the wood framing construction with Jeff Brown 

Construction. Jeff Brown Construction is a sole proprietor and subcontracted the truss 

erection to Top Rank. The GC, Fulcrum, ordered the roof trusses from A1 Roof Trusses, 

who designed and manufactured the roof trusses. 
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Figure 2 – Roof framing plan 
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Figure 3 – Bearing walls – looking west 

(Courtesy of WW Build) 

 

 
Figure 4 – Bearing walls and trusses – looking east 

(Courtesy of WW Build) 

 

 
Figure 5 – Bearing walls and trusses – looking north 

(Courtesy of WW Build) 
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Figure 6 – Key Participants - Project hierarchy 

  

HSC, 
Owner

Fulcrum,
General Contractor 

A-1 Roof TrussesWW Build

Jeff Brown Construction

Top Rank 

Adams Stewart Architects, 
Architect

Jade Consulting, 
Engineer
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3. Construction Activities 

In September 2021, construction of the concrete slab floor began. Construction of the 

bearing walls started in October 2021. The bearing walls were installed on 2"x6" bottom 

plates anchored down to the concrete slab using anchor rods at 32 inches typical on 

center. The lower portion of the bearing walls was sheathed using ½ inch thick plywood 

and was laterally braced. 

 

All trusses were delivered to the site on October 28, 2021. The setting of piggyback base 

trusses began on November 3, 2021. The first truss was erected the same day (November 

3), approximately 9'-4" from the east wall (see Figure 7). The first truss was laterally 

braced at six locations using 2"x4" braces from vertical posts to the east wall (see Figure 

8). On November 4, 2021, the last piggyback base truss near the west wall was erected 

and braced at multiple locations to the west wall (see Figure 9). 

 

Due to inclement weather, no additional framing work was performed at the site over the 

next few days. Sheathing of the roof at the northeast section of the structure started on 

Nov. 8, 2021 (see Figure 10), while three Top Rank employees were working on 

straightening up some twisted roof trusses. One of the three Top Rank employees was 

working in the interior of the building, cutting lumber at ground level and passing the cut 

lumber to another employee standing on the top plate of the south wall, who handed the 

lumber to the third employee located inside the roof trusses. The third employee was 

adding more lateral bracing to the roof trusses. He also removed and relocated some of 

the already installed lateral bracings to straighten up the out of plum trusses. 

 

Approximately 1:30 p.m., while the three Top Rank employees continued working on 

adding more bracings, trusses at the west side of the building started to fall toward the 

east (see Figure 11). Two Top Rank employees fell more than 12 feet onto the concrete 

floor and were injured. The Top Rank employee located on the ground cutting lumber 

was struck by fallen trusses and died instantly at the jobsite. 
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Figure 7 – Truss erection – looking northwest 

(Courtesy of WW Build) 

 

 
Figure 8 – Truss diagonal end braces at the east side – looking west 

(Photo by WW Build) 

 

 
Figure 9 – Truss diagonal end braces at the west side – looking west 

(Photo by WW Build) 

 



 Investigation of the November 8, 2021, Partial Collapse of Wood Roof Trusses 
during Construction of Dollar General Store, Orange City, Florida

 

15 

 
Figure 10 – Wall diagonal braces at the north side – looking southeast 

 

 
Figure 11 – Collapsed roof trusses – looking southeast 
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4. Witness Account of the Incident 

Three Top Rank employees were correcting bent roof trusses when the collapse occurred. 

The two surviving employees were eyewitnesses to the collapse and had pertinent 

information related to the investigation. The following is a summary of their description 

of the collapse. 

• On the day of the incident, the three employees started work on the twisted roof 

trusses a little after 11:30 a.m. 

• The trusses that they worked on were mostly designated A02 and A04. 

• Around 1:30 p.m., the employee standing on the south wall heard a crack noise 

and observed the roof trusses move a little bit and were leaning toward the inside 

from where he was located. He then observed the trusses starting to fall toward 

the inside of the building. 
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5. Field Observations 

Top Rank installed both diagonal and lateral braces (short lumber pieces) on the north 

and the south side of the trusses. Figure 12 shows the truss bracing installed on Nov. 4, 

2021, after completion of piggyback base truss erection. Long diagonal and short member 

temporary lateral restraints installed on the north side of the trusses prior to the collapse 

were observed after the incident during OSHA’s field investigation (see Figure 13). 

Additionally, OSHA found that bottom chord and web member bracing were not installed 

prior to the collapse (see Figure 14). 

 
Figure 12 – Truss braces at the south side – looking north 

(Photo by WW Build) 

 

 
Figure 13 – Truss top chord braces at the north side after collapse – looking east 
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Figure 14 – Truss bottom chord – looking east 

(Photo by WW Build) 

 

After reviewing the construction progress photographs taken by WW Build, OSHA found 

that the wood trusses were not properly hoisted. The erector did not follow the Building 

Component Safety Information Guide0F0F

1 to Good Practice for Handling, Installing, 

Restraining, and Bracing of Metal Plate Connected Wood Trusses, by using a spreader 

bar to hoist the trusses since they were over 60 feet long (see Attachment A). Wood 

trusses were found twisted and bent (or buckled) (see Figure 15). The mid-panel splice at 

the bottom chord of the west-most truss was damaged due to out-of-plane buckling 

during hoisting (see Figure 16). 

 

 
1 See Reference 8 and Attachment A. 
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Figure 15 – Truss hoisting 

(Photo by WW Build) 

 

 
Figure 16 – Truss hoisting 

(Photo by WW Build) 

 

Photographs taken after the incident show that the trusses that remained in place at the 

east side of the building were buckled as installed (see Figure 17). Since these trusses 

were far away from those that collapsed, it is believed that the buckling of these trusses 

was likely not due to the collapse. 
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Figure 17 – Buckled trusses 

 

During OSHA’s field investigations, it was observed that wood trusses were stored 

incorrectly at the jobsite, in that the trusses were unloaded on rough terrain, which caused 

out-of-plane bending of the trusses (see Figures 18 to 20). 

 
Figure 18 – Incorrect jobsite storage of trusses 
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Figure 19 – Incorrect jobsite storage of trusses 

 

 
Figure 20 – Incorrect jobsite storage of trusses 
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6. Engineering Evaluation 

6.1.Wall Framing 

The wall framing, consisting of 2x6 lumber studs placed at 16 inches on center, was 

structurally sufficient and code compliant as designed. The building structural design 

required 2-2x6 (double) top plates and 1-2x6 (single) pressure treated bottom plates for 

the wall framing. The splices of the double top plates were staggered. This type of 

framing is considered conventional light framing and is in prescriptive compliance with 

the building code. During its field inspection, OSHA verified the dimensions and lumber 

grade used to build the frames (see Figures 21 to 23). OSHA observed diagonal braces 

installed on the exterior side of the walls (see Figures 3, 5, 8, 10, and 24). The bearing 

walls did not collapse, although the west portion of the north bearing wall was tilted 

outward (see Figures 10, 11, 13, and 20). Therefore, the north and south bearing walls did 

not appear to be a root cause of the collapse of the trusses. 

 
Figure 21 – Bearing wall frame – studs 
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Figure 22 – Bearing wall frame – studs 

 

 
Figure 23 – Bearing wall frame – bottom plate 
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Figure 24 – Bearing wall frame – diagonal bracing 

 

6.2.Truss Stability 

Roof trusses are highly susceptible to collapse during erection before placement of roof 

sheathing. Therefore, it is a standard industry practice to maintain the structural stability 

of roof trusses by providing temporary bracing, i.e., ground bracing, top and bottom 

chord lateral and diagonal bracing, and web diagonal bracing during erection until the 

entire structure is complete. Roof trusses are light structural members, prone to instability 

and lateral-torsional buckling without these temporary bracings in place. In this case, due 

to the lack of adequate bracing, the installed trusses were in a state of instability and 

susceptible to collapse either due to buckling or under any significant lateral and gravity 

loads. 

 

Details of the required bracings for trusses up to 60 feet in span are provided in Building 

Component Safety Information - Guide to Good Practice for Handling, Installing, 

Restraining & Bracing of Metal Plate Connected Wood Trusses, BCSI - Bl, 2018 edition, 

produced by Structural Building Components Association (SBCA). For trusses over 60 

feet in span, the industry requires that a professional engineer determine the type, size, 

and location of temporary bracings (see Figure 25). 
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Figure 25 – BSCI requirement on trusses longer than 60 feet 

 

OES performed structural analyses to determine: 

1. Whether the roof trusses (piggyback base trusses) were designed properly for the 

prescribed loadings. 

2. Whether the roof trusses would become unstable during erection due to the lack 

of temporary bracings. 

3. Whether the roof trusses would be overstressed during hoisting. 

 

The structural analyses of the roof’s piggyback base truss A02 and A04 were performed 

using the commercially available software program STAAD.Pro. The following 

assumptions were used in the analysis. 

• The member properties of the truss were obtained from the stamped truss design 

package and drawings. 

• The truss was considered supported at one end by a hinge support and at the other 

end by a roller support. 

• The self-weight of the A02 and A04 trusses was 458 pounds each. 

• As part of the prescribed gravity loads for the completed structure, the following 

design loads taken from A-1 Roof truss drawings were considered in the analysis. 

o Top chord live load:  16 pounds per square foot (psf) 

o Top chord dead load:  10 psf 

o Bottom chord live load: 5 psf 

o Bottom chord dead load: 8 psf 
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• For the live load during erection, one employee weighing approximately 200 

pounds was considered to be on the top chord on the south side of the truss. 

• The analysis was done without load and strength reduction factors. 

• The analysis considered the effective unbraced length in the weak axis equal to 

80% of the actual unbraced length for the top chord. 

• Wind load was not considered in the analysis. 

 

The analyses indicated the following: 

1. A1 Roof Trusses properly designed the roof trusses (Piggyback base truss of 1 

ply) for the prescribed loadings shown on the truss document. 

2. During the erection, only the top chord of each piggyback base truss was laterally 

braced, and the top chords were braced at approximately 8 locations only. Even 

without one employee standing on a truss, the truss was overstressed beyond its 

ultimate capacity under its own weight. Due to the lack of required lateral 

restraints, the installed trusses were unstable and ready to collapse due to out-of-

plane buckling. The trusses were structurally inadequate for employees to use as 

an anchor for fall protection. 

3. The 70 feet long trusses were not properly hoisted. The trusses were prone to be 

overstressed during rigging due to out-of-plane buckling (i.e., twisting and 

bending), likely damaging the wood trusses and resulting in an unsafe condition. 

 

Post-incident examination revealed that the actual bracing provided to ensure the stability 

of the trusses was far less than is required by industry practice, see Table 1. 
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Table 1 BCSI Requirements of Temporary Bracing During Truss Installation1F1F

2 

Items Bracings required Reference2F2F

3 

Top chord 

lateral bracing 

6 feet o.c. maximum for truss span 45 to 60 feet 

4 feet o.c. maximum for truss span 60 to 80 feet 
Table B1-4 

Top chord 

diagonal 

bracing 

1st bracing covering five trusses and subsequent 

braces covering four trusses 
Figure B1-24 

Bottom chord 

lateral bracing 
10 to 15 feet apart maximum Figure B1-28 

Bottom chord 

diagonal 

bracing 

20 feet apart maximum Figure B1-28 

Web diagonal 

bracing 

10 to 15 feet apart (located at each of the 

bottom chord lateral bracings) and 20 feet apart 

maximum in a transverse direction 

Figure B1-26 

Ground bracing 
To be located at each of the top chord lateral 

bracings 
Figures B1-16/17 

  

 
2 See Reference 8 for figures and tables list in the table. 
3 See Attachment A for details. 
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7. Discussion 

Section 2303.4.1.3 of the 2020 Florida Building Code3F3F

4 requires that “The owner or the 

owner’s authorized agent shall contract with any qualified registered design professional 

for the design of the temporary installation restraint/bracing and the permanent individual 

truss member restraint/bracing for all trusses with clear spans 60 feet (18 288 mm) or 

greater.” HSC, property owner, contracted with Fulcrum as its general contractor to 

construct the building. Article 1.1 of the written contract between HSC and Fulcrum 

states, “The Work shall be performed by contractor strictly in accordance with the 

Contract Documents which consist of the Contract and the plans, drawings, 

specifications, addenda and other documents identified in Schedule B attached hereto and 

all modifications issued hereafter thereof (the Contract Documents”).” Jade Consulting, 

engineer of record, disclaimed in its structural design drawing S0.0 (see Figure 26), that 

“Construction procedures, bracing methods, safety precautions or mechanical 

requirements used to erect them are the sole responsibility of the general contractor or 

subcontractor performing the work.” 

 
Figure 26 – Disclaimer in structural design drawing S0.0 

 

The contractual agreement between Fulcrum and WW Build clearly stated that WW 

Build “…shall perform the Work according to the plans, specifications and schedules 

prepared by Todd Stewart, Architect (herein Architect) and Jade Consulting, LLC (herein 

Engineer)…”4F4F

5 

 
4 See Attachment B. 
5 See Reference 9. 
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The contractual agreement between WW Build and Jeff Brown Construction stated that 

“Subcontractor will comply with all statutes and regulations that established safety 

requirements (including, but not limited to those of OSHA and any state agency 

regulating job-site safety).” See below excerpt from the aforementioned contract 

document. 

 

 
Jeff Brown Construction, sole proprietor, subcontracted the truss erection to Top Rank. 

There was no written contract between Jeff Brown Construction and Top Rank. 

Therefore, the responsibility for providing temporary support during construction rests 

solely with the framer, Jeff Brown Construction, and its truss erection subcontractor, Top 

Rank. 

 

A1 Roof Trusses recommended multiple times in its truss design drawings that “Failure 

to follow provisions of BCSI in handling and installation of trusses can result in serious 

injuries. Do not permit inexperienced and uninstructed people to install trusses. See 

"WARNING" note below. BCSI recommends retaining a registered professional engineer 

for the design of temporary bracing.” In the truss placement drawings, A1 Roof Trusses 

also required that “FOR BRACING & ERECTION DETAILS REFER TO BCSI-03 

AND/OR ENGINEER OF RECORD.” 

 

Jeff Brown Construction and its subcontractor, Top Rank, failed to follow the generally 

accepted standard industry practice of storage and hoisting of trusses; providing 

temporary top chord lateral restraints, diagonal and web member plane diagonal bracings; 

and proper ground bracings during erection of the trusses, in accordance with the BCSI, 

produced by the Structural Building Components Association. 

 

As the first-tier subcontractor, WW Build was on-site during the installation of the roof 

trusses and photographed the conduct of its subcontractors. However, WW Build did not 
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raise any concerns about Jeff Brown Construction and Top Rank's faulty construction 

activities.  
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8. Conclusions 

Based on the above, OES concluded that: 

1. The failure of the trusses occurred because of the out-of-plane buckling of the 

trusses due to inadequate bracings. 

2. The truss erector did not consult a professional engineer to design and determine 

the size and location of temporary bracings, as is required by industry practice if 

the truss span exceeds 60 feet. The span of the failed trusses was 70 feet. 

3. The temporary bracings provided by the erector were considered inadequate as 

per industry requirements, even for trusses having spans 60 feet or less. 

4. The load-bearing walls supporting the trusses at the site did not cause the collapse 

of the trusses. 

5. The trusses as erected were unstable and therefore structurally inadequate for 

employees to use as anchors for fall protection. 

6. Wind was not a causal factor. 
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