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REPORT

On July 13, 2007 at approximately 2:10 p.m. the wood roof trusses suddenly collapsed and fell
over the first floor of a new medical office building under construction at 32 Worlds Fair Drive.
Township of Franklin, NJ. The trusses were erected that morning and employees were installing
temporary and permanent bracings and purlins at the time of the incident. Most signtficantly.
shortly before the incident, three bundles of 2x6s were placed over the top chord of the center
trusses to be used as purlins and braces. At the time of the incident. approximately seven
employees were reported to be working on the trusses near the center of the bay. Two employees

were seriously injured.

The one-story building with basement is owned by Franklin Professional Park, LLC. The

following were the key participants in the project:

Owner:

Architect:

Structural Engineer:
General Contractor:

Roof Truss Supplier:
Roof Truss Manufacturer:

Roof Truss Designer:

Truss Erection Subcontractor:

Truss Erector:

Truss Erector:

Truss Erector:

Franklin

Franklin Professional Park. LI.C

William J. Doran of Kendall Park, NJ
Harrison-Hamnett, PC of Pennington, NJ
Abatare Builders Inc., of Brick Township, NJ
Builders General of Towns Rivers, NJ

P.D.J. Components Inc. of Chester, NY,
MiTek Industries. Inc. of Chesterfield, MO
Farrah Builders. Inc. of West Long Beach, NJ
Peter Donoghue of Pete Donoghue Construction of
Neptune, NJ (Sub to Farrah Builders)

Steve York of York Framing

{Sub to Peter Donoghue)

Cantaffa Construction Company. Inc.. of
Oceanport, NJ

(Sub to Peter Donoghue)
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Truss Erector: Andrew Hayden of AMH Contracting

(Sub to Peter Donoghue)

This report is limited to the roof area where the incident occurred. The roof trusses spanned
approximately 81" between supporting steel beams over steel columns. There were a total of 41
trusses consisting of 16 “Drop TC Hip™ trusses and 25 trusses known as “Hip™ trusses. On the
top of the 25 hip trusses, 25 gable trusses were to be mounted at the top to meet the architectural
roof configuration. At the time of the incident, gable trusses were yet to be erected but ail 41

drop TC hip trusses and hip trusses were set in place, see Fig. 1.

On Thursday, July 12, 2007, the erectors consisting of five companies, namely Farrah Builders
Inc., Pete Donoghue Construction, York Framing, AMH Contracting, Contatfa Construction Co.
Inc.. began setting the roof (russes and sloping rafters on the north and south side. First, they
erected two triple trusses, HGIR, one on the north and one on the south side and then connected
the sloping rafter trusses. They also erected five “Drop HC Hip™ trusses marked H1SD1 thru
H1SDS5 on the north and south side (total of 10 trusses). During interviews with OSHA, the
employees reported that the temporary braces for the top and bottom chords. and the webs were

installed on the ten trusses as soon they were set in place.

On Friday. July 13, 2007, the truss erectors and their employees reported to the site at
approximately 6:30 a.m. and began setting the remaining trusses called “Hip™ trusses, marked
H1SDBase. By lunchtime, all 25 hip trusses, weighing 718 pounds each, were set in place. The
erectors reported that all temporary top chord, bottom chord and diagonal bracings were also

installed on the hip trusses as soon as they were erected.

After lunch, the erectors began to install 2x6 purlins on the top chords of the hip trusses. The
gable trusses were later to be erected over the hip trusses and nailed and supported over the 2x6s.
Some of the crew members began to install temporary and permanent braces. Three bundles of
2x6x12° long pieces, each bundle containing 20 pieces, were hoisted by the crane and placed

over the top chord of the hip trusses to be nailed to the top chord as purlins. Also. there were
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reported to be 50 pieces of 2x4x24" long pieces spread over the bottom chord. There were
approximately seven employees on the trusses near the center of the trusses. Shortly after the
three bundles were placed the empioyees observed. at approximately 2:10 p.m. that the roof
trusses. except for the five trusses on the south side. suddenly collapsed at the center. The
employees reported that the trusses fell just in the middle in a vertical direction. see Figures 2 to

5. The ends of the trusses remained generally connected to the supporting beams.

Abatare ordered the roof trusses from Builders General who contacted P.D.J. components to
manufacture the trusses. Builders General provided a set of architectural and structural plans to
P.D.J. P.D.J then designed the roof trusses using structural design software provided by MiTek
and forwarded their design to MiTek to review and stamp the drawings with a seal of a
professional engineer. After MiTek’s review, PDJ manufactured the trusses in their facility and
shipped them to the site on July 9-10, 2007. PDJ also provided standard bracing instructions to

Abatare to follow during erection.

Engineering Evaluation

It is a standard industry practice to maintain structural stability of roof trusses by providing
temporary bracings, i.e., top and bottom chord lateral and diagonal bracings, and web diagonal
bracings during erection until the entire structure has been completed. The responsibility to
provide these bracings rests solely with the erector. Roof trusses are light structural members,
highly susceptible to instability and lateral torsional buckling without adequate temporary
bracings. Due to the lack of adequate lateral and diagonal bracings of top chords, bottom chords,
and web members, the installed trusses were in a state of instability, ready to collapse either due
to buckling or under any significant lateral and gravity loads. Further, standard industry practice
requires that materials should not be placed on trusses during erection unless proper evaluation is

done, see Attachment B.
Details of the required bracings for trusses up to 60 in span are provided in “Building

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

Bracing of Metal Plate Connected Wood Trusses i.e.. BCSI -B1. 2006 edition (see attachment
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A). produced by Truss Plate Institute (TPI). For trusses over 60" in span. the industry requires

that a professional engineer determine the type. size and location of temporary bracings.

Structural analyses were performed to determine:
1. Whether the roof trusses were designed properly for code prescribed loads.
2. Whether the roof trusses would be overstressed if the top chords were braced at every
panel point.

Whether the roof truss would be overstressed under the load of three bundles of 2x6s

[

placed over its top chord in combination with other loads.

The structural analysis of the roof’s hip truss was performed using the commercially available
software program STAAD.Pro 2007 to obtain the member forces. The following assumptions

were used in the analysis.

¢ The member properties of the hip truss were obtained from the MiTek drawing.

e The truss was considered supported at one end on a hinge support and at the other end on
a roller support.

¢ Three bundles of 2x6s, each containing 20 12° long pieces, were placed over the top
chord of the truss.

o There were 50 2x4x20" long pieces spread over the bottom chord of the truss.

e The weight of the truss was 718 pounds.

e As part of the live load, minimum two employees weighing approximately 200 pounds
each were considered to be working on the installed trusses.

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

¢ The analysis considered the recommended TCTLR minimums at each panel joints.
Thus, the entire panel length was considered as a fully unbraced length in both major
axes. The effective unbraced length for the analysis was considered to be 80% of the
panel length.

o Wind load was not considered in the analysis.

Franklin 6



The analyses indicated the following:

1. The roof trusses were properly designed to meet the code-prescribed loads.
2. If the top chords were braced at every panel point, the compressive stress would have
been within the permissible limits under its own dead load plus the weight of two

employees.

With the combination of the weight of three bundles of 2x6s. two employees on a truss.

('S

and a number of 2x4s spread over the bottom chord, the top chord experienced a
compressive force far greater than its allowable capacity as well as its ultimate strength.
Thus, the top chord failed due to lateral torsional buckling. After the failure of the top

chords, failure of other members was triggered. The result of the analyses is summarized

in Table 1.

Post-incident examination revealed that the actual number of bracings provided to ensure the

stability of the trusses was far less than is required by the industry practice, see Table 2.
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TABLE 1

SUMMARY OF MAXIMUM AXIAL FORCE IN TOP CHORD MEMBER

Loading condition Maximum axial Ultimate axial capacity in | Remarks
compressive force compression® without
without load factor strength reduction factor
Dead load (D) of the | 804 pounds 2090 pounds O.K.
truss
DL of truss + 1360 pounds 2090 pounds O.K.
minimum two
employees
DL of truss + 2167 pounds 2090 pounds Failure
minimum two imminent

employees + three
bundles of 2x6 +

loose 2x4 pieces

* Based on an effective unbraced length ot 7°-2",
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TABLE 2

REQUIREMENTS OF TEMPORARY BRACING DURING TRUSS INSTALLATION AS
PER INDUSTRY PRACTICE’

Items

No. of bracings required

Top chord lateral bracing 4@ east

face of the truss

10, each /@ 4°-0 apart maximum

Top chord lateral bracing (@ west

face of the truss

10, each @ 4°-0" apart maximum

Top chord diagonal bracing @@ east

face and west face of the truss

1* bracing covering five trusses and subsequent braces

covering four trusses

Bottom chord lateral bracing

10°-0" to 157-0" apart maximum

Bottom chord diagonal bracing

20°-0" apart maximum

Web diagonal bracing

10°-0” to 15°-0"" apart (located at each of the bottom chord

lateral bracings) and 20°0™ apart in a transverse direction

Ground bracing

20 (to be located at each of the top chord lateral bracings )

* Based on Attachment A.
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Conclusions:

[

[S]

Frankiin

The cause of the incident was the placement of three bundles of 2x6x12" long pieces over
the top chord of the hip trusses shortly before the incident. The weight of the bundles in
combination with the weight of the employees working on the trusses, and other 2x4s
spread over the bottom chord of the truss caused the compressive stress of the top chord
to exceed its ultimate capacity. The failure was caused by lateral torsional buckling of
the top chord.

The truss erector did not consult a professional engineer to design and determine the size
and location of temporary bracings. as is required by the industry practice if the truss
span exceeds 60 feet. The span of the failed trusses was 81 feet.

The temporary bracings provided by the erector were considered inadequate as per the
industry requirements, even for trusses having spans 60" or less. The inadequacy was
observed in the temporary web and diagonal bracings of the trusses.

Wind was not a causal factor.
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Franklin

IMPORTANT SAFETY INFORMATION

ATTACHMENT A
(SHEET 1 0F3»

Guide to Good Practice for Handling, Installing, Restraining
' & Bracing of Metal Plate Connected Wood Trusses

JOINTLY PRODUCED BY

y/ﬁi‘t\n TP

TRUSS PLATE INSTITUTE

REPRESENTING THE STRUCTUHAL
BUILDING COMPONENTS INDUSTRY
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BCSI-B1: Guide for Handling, Installing, Restraining & Bracing of Trusses
ATTACHMENT A

(SUEET 201 3)

TEMPORARY INSTALLATION RESTRAINT/BRACING
REQUIREMENTS FOR THE VARIOUS PLANES
OF A ROOF TRUSS

Temporary Installation Restraint Bracing must be apolied to
ALL of the folipwing p'anes of the trusses to ensure stadility

1) Top Chord Plang {rooi piang)
21 Web Member Plang (sloping or vertical gian2 perpargicu-
lar ta trusses)

paet A

emporary, Lateral Restrain Spacing

3) Bottem Chord Plane (cening plans) Truss Span Top Chord Temporary Laleral
B - Reslrainl (TCTLR) Spacing
(O WARNING! !T IS CRITICAL TO INSTALL LATERAL RE- Unto 30 T p—————
STRAINT AND DIAGONAL BRACING FOR THE TOP GHORD e Sept Ty
AND WEB MEMBER PLANE IMMEDIATELY to prevent sui-ol- 30 -45 3 on-center maximum
plane buckiing of the truss. 45 -80 &' on-genter maximum .

8d - 30"~ 4' on-cealer madmum

inger or usses Jonger than 50

) 1) TOP CHORD TEMPORARY INSTALLATION RESTRAINT,  (,
BRAGING is the mast impariant step fo- the Contraclor. Truss
top cherds are susceptible to lateral buckling. See BCSI-B2

*Consult z Prolessons! £
TABLE BT-

for mor informatian &N EXACT SPACING BETWEEN TRUSSES SHOULD BE MAIN-
\ - P TAINED AS THE LATERAL RESTRAINT AND DIAGONAL
1 THE TOP CHORD LATERAL RESTRANT D DACONA.  gpging 1s INSTALLED 1 sia ns agacous ractcs
SLOPING CHORD TRUSSES SCISSORS TRUSSES ,)." of trying to remove this material to adjust spacing. This act
3 e of "adjusting spacing can causa trusses to topple if the re-
FARALLS], CHORE TAUSSES AN FOUIBRCK THUSRES straint and bracing is discannected al the wrong time.

Hote: 2x _trusses with deplhs less than 1,15th of the span at
all lecations away from beanngs require mors camplex Tem-
porary Instaliation Restraint/Bracing. Censult 2 Professional
Engineer

FIGURE B1-24A

FIGURE B1-24B TR e
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BCSI-B1: Guide for Handling, Installing, Restraining & Bracing of Trusses
ATTACHMENT A
ISHEET 3 OF 3)

&7 3. BOTTOM CHORD TEMPORARY LATERAL RESTRAINT

7. WEB MEMBER PLANE requres

Laera Restant zna Oiagana! By -
81-25 21d 246 It 15 crtical in preverting trussss fram
ar cominaing. Insial Oiagena Bracng an web members
tical wzbs wihensver gossii2) at or neas boltom cherd Lat-
eral Restraint. Stuctural Sheathing ¢an v substitutad for ooth
the Lasral Resuaint and Diagonz! Bracing Ses BCSI-B2 ara
BCSI-B3 fur adatonal information parraning to wab memaer

AND DIAGONAL BRACING s requred to mainiain on-can-
ter spacing for the pottern chord 3nd fo lateraly “stitfen” tre
greup of russas Pace Cortinucus Lateral Resiraint ang -
agoral Bracing or (op of the oottern chora (Figures B1-27
ang 28). This raterial can be removed afier the perinanent
ceiling Diaphiragm 15 in piace or remain to becorne part of the
Permanent Building Stability Beacing system

restraint and bracing

—_— =
Aatic: C“r'_/—

Sgniy Dl 2zang @ aeas M A FIGURE 81-27

e~ PR TN N o gt o aparsing o *<IMPORTANT NOTE: Install bottom
FIGURE 81-25 Diagonzi chore Temporary Lateral Restraint in
g > Bratieg faws na mora than 15 an center In-
, VA ' 1 stall bottom chord permanent Lateral

Ve memirs - Souh SRR ?
e H A . Rastraint &t the locations requirad by
"y e the 7DD and Construction Docu-
> ments. The maximum gn-canter spac-

B

e ing of germanent Lateral Restrat i3

10' but can b2 less if required by the
T0O and or Building Cesigner.

/ Cannect end of resiaint o 2nd wal.
‘ Add Ciagend Bracing at sach 2nd and
y 3

/ © = every 10 huss spaces (20 madnun)
Croess

Cagona draces
aaary 10 Yuss
so2cas 2 max

] Long spans, hzavy l0ads or truss spac-
ings greater than 2 on center often
requre closer spacing cf Lateral Re-
strant and Oiageral Bracing Consult
the Bulding Ces:grar or BCSI-B10.

Some chord 20d wed members
a6l shown for clarity.

FIGURE B1-26

Webs thal require Conlinuous
Lateral Restraint {CLR) musl
also be Diagonally Braced for
rigidily. Installing the CLR and
Diagonal Bracing as the lruss-
es are instalied saves lime.

Hofe: ‘#eh members that
r2q4irz more thaa ang mw of
CLA shall have tre GLRs and
Oiagonzl 3racing ‘nstafed as
the trussaes are instalied

T v Seme ¢ch0rd N3 wed memders
no! sava lor clarity
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TR BCSI-B4

=

CONSTRUCTION LOADING

ATTACHMENT B
(SHEET 1 OF 2}

The term “consiruction loading™ is typically used lo descripg lpacs
from workers and puilding malerials on an unfinisheo structura:
fer example. when builders lemperanly stack oungles of panel
sheathing or gypsum board on mslalled trusses during lhe con-
struclion process

)

o

7
1%

!ake sure thal the truss assembly is proper'y rasirained and
praced according 1o the guidelnes in BCSI-B1 anc BCSI-B2

Construction loads shail be placad only on Illy rastraingd
ard braced slrustures.

WARNING! Trusses oy themselves are very unsiable ana Rave
NO GAPACITY to carry !oad until they are preperly restrained
and braced. Placirg 'oads on russes that have not Deen prop-
grly 1estiained and braced is nezardous and prohibied. Prop-
arty damage. personal injury andiar death are possibiz ¥ this
waming is not heeced

Use exdrema caution when placing construcion [oads and cnly
stack reasonable amounis of matenials (see Tadle B4-11

WARNING! Stacking excessive amounts of canstruction ma-
terials on ficar or roof trusses is an unsafe practice.

Trusses that pave been over-stressed dug 1o excassie con-
struction 'oading wil usually show excessive sagging (deflse-
tion} and al least a porticn of this deflection wil remain sven
aftar the load has been removad. In more severe Casas, exces-
sive constiuction foading will cause droken webs and;or chorg
members or wed of chord members that have pulled away

fram the truss piates. =
FIGURE B4-2

CONSTRUCTION LOADING GOS AND DON'TS

‘ ® DON'T stack matenals on unnracad lrusses.).,/J

@

D5 stack a raasonable amount of matesial that will rot ovar-
Icad the trusses.

FIGURE 8441

1

o lorate

Malerial

Gypsum Board 12 2
Plywood or 0SB 16"

Aspnalt Shingles 2 gundles
Concratz Block 3

Clay Tile 3-4 ties righ |

This table s based an
trusses designed witn
2 liva 'cad of 40 osf o7
greater

Stack naighis assume
short-ierm duralion of
fpad Instail stacks ot

matzrals as quickly
23 possible

TABLE B84-1

Note: Heavy rcoling tlz such as clay o sicne siate is often “dry-
siacked” on the roof for 3 period of tme to 270w ihe roof/caling as-
sembly time lo “setlle” befove the finished ceiling is nstalled. Limit

stack neqnts to these provided in Tadle B4-1 2nd stacking periods
to approximately one waek, unless afternative informatien is grovid-
gd by the Building Designer, Truss Cesigrer or Truss Manufacturer

® DON'T 2xceas stack haights listed in Table B4-1 unigss alter-
native information 1s provided oy the Builting Desigrer, Truss

Cesigner or Truss Manufacturer,

DON'T zhow the siack io lean
aganstwals

(® DONT stack matanals in concan-
tratzd areas sp that they overiead
a sing'e or smai grop of russes

B e ]

FIGURE B4-3



BCSI-B4: Construction Loading

_ATTACHMENT B

/I N

FIGURE B4-4

Teuss nracng o

(© DON'T overstack materials midway between supperts Never
exceed stack heights per Tacle B4-1. page 53. unless afterna-
tive information is provided by the Building Cesigner, Truss
Designer or Truss Manufaclurer.

FIGURE 84-5

DO distribute loads over as
many trusses as possihle.
Position stacks of malerials
flat witn the longest dimen-
sicn perpendicular to the
{russes as shown

FIGURE B4-6

( DON'T crop ioads cf any matenials an russes. Truss camage
Irom tha impact is possibie evan if tne weight of the matenal
is smail.

e
S

FIGURE 84.7
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(SHEET 2 0F 2)

U T T T AR A e T

PHOTO B4-1

O DONT stack materials at locations that wil produce instabifty
such as cn cantigvers cr near russ-to-girder connachions.

FIGURE 84-3

g a Sl

FIGURE B4-9

& WARNING! Excessive constructicn loads en floor ar roof
trusses is an unsafe practice ang shall &2 avoided. Property
damage. senous personal injury and‘cr d2ath are possibie if
thesa recommendations are not fodcwed

® DON'T pils cut-aff tile andior ather canstruction waste on truss
roofs

S
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