1840s. The building consists of a timber framed structure with a rubble
foundation. In the early 1900s, the building was significantly modified with the
addition of a 54-foot timber framed steeple and a Greek revival porch. Since
that time, very little modifications have been performed on the church, beyond
general maintenance (Figure I).

As with a large number of similar small community churches, the combination
of high cost of upkeep on the building and dwindling attendance resulted in the
church selling the property and consolidating with adjacent congregations. In
2005, the church was purchased by private owners who took on ((1{6 challenge of
saving the historic structure for use as a residence and art s{) i6)

The first fafksthe new owner had
to address was the failing timber
steeple. The steeple ' was measured

observed to
events. In

ible
pciated

Crawford & Associates Engineering,
PC, to assess the steeple’s current con-
dition and develop stabilization plans
for immediate implementation.

Field Assessment
and Analysis

The first engineering task in-
volved documenting the structural
configuration of the steeple and its supporting members, starting from the top
and following the load path down to the foundation. Access to the steeple was
obtained from exterior scaffolding, which was erected to aid in the inspection
process as well as allow repair and replacement of the exterior decorative trim
(Figure 2).

The steeple is supported at the attic level by transverse beams that
direct the load to adjacent timber gable trusses. The trusses, in turn,
carry the load to exterior and interior timber columns that are directly
tied to the foundation system.

The base of the steeple, which rests on the transverse beams in the
attic, consists of eight 10-inch square timber columns that stop near
the gable roof line. At the roof line, the steeple is composed of eight
8-inch square timber columns that span to the under side of the
domed roof, approximately 35 feet. The 8-inch columns are braced
at 3 points along their height with compression rings consisting of
4x8 timber cross beams.

To assess the timber framing, each member was fully inspected using
both destructive and nondestructive methods. The inspection started
with a visual review of each member for signs of water infiltration,

Figure 1: Front facade of church, steeple
surrounded with scaffolding.

probing test methods.

With the use of micro analysis, provided by the US
Department of Agriculture — Forest Laboratory, the wood
species of the column members was determined to be eastern
hemlock. The wood species of the base transverse beams and
supporting gable trusses were determined to be eastern white
oak. With the wood species known, conservative values of
the timber’s physical properties were estimated based on past
historical documents and current American Forest & Paper
Association NDS stress tables.

Once the configuration and general material properties of the
steeple were compiled, finite element models were generated to
review stress development under general service and combined
loading conditions. The software package employed was Visual
Analysis — Advanced. The software allowed the timber members
to be analyzed for full cross-sectional stresses and overall
assemblage deflection. The finite element models were also
used to analyze and size the various repair options investigated.

fontinued on nextpﬂge

% N

Figure 2: View of steeple framing looking up from level 3, prior to reinforcement.
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Repair Methods Utilized

The existing cedar posts in the basement were replaced with steel
HSS columns. The rubble footings were removed and new cast-in-
place concrete footings installed. The new columns and footings
were installed with the use of temporary jacking to create an active
load path.

The sagging transverse beams at the attic level were abardoned
in place and circumvented with steel channels, C8
channels ran perpendicular to the main gable trusses
and bore on the bottom chord of the trusses. The
turn, sandwiched the timber base co
connected using thru bolts. To allow
stub columns were used t
of the bottom chor ]

was due to a variety of factors. The interior
were observed to consist of cedar logs restin

-inch square columns, in
mortise and tend

ith metal spikes. The
majority of the cross-bracing
members were observed to have
splits and/or fungi decay at or
near the spike locations. The
majority of the mortise and tendon
connections of the upper columns
had weakened due to shrinkage and
extensive cyclic loading, and were
not providing real resistance against
lateral movement of the steeple.

Structural analysis determined
that the adjacent gable trusses and
underlying support structure had
sufficient strength to handle the
lateral and gravity loads imposed
by the steeple. Hence, the general
goal was to establish a defined lat-
eral force resistance system within
the steeple that would carry the
load to the adjacent trusses. In
addition, reinforcing would be
needed to repair the deficient ver-
tical support elements in the base-
ment and attic level.

Figure 3: New transverse steel c/ﬂzmnel: bearing on 5ottam chord of gab@ fhoctses, and
sandwiching the bottom support columns of the steeple, final bolting not installed.

g, cable cross-bracing, tension
f knee bends/rigid connections.
paneling could not develop suf-
ecessary to handle the wind and seismic loading
knee bracing opti ced disproportionate
flexure stress on the existingAifbe ers, requiring excessive

d tehsion rod cross bracing options
t, ahd took advantage of the good condi-
umns. In the end, tension rod cross bracing

thermore, the cross bracing option allowed the louvers to be
operable, which was an important requirement for the owner.

he cross bracing extended from the roof level down to attic level.
At the attic level, the tension rods were attached to the new transverse
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Figure 4: Section view thru centerline of steeple showing tension rod cross bracing, which was installed on four sides of steeple.
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steel channels. The load, in turn, was then directed to the
main timber roof trusses and interior support columns.

ANGLETYPE 1,
SEE DETAIL G/S-6

—

LAG BOLTS, (4) 1/2"DIA.
5"EMBEDMENT INTO
EXISTING COLUMN, TYP.

STEEPLE LEVEL 5 BEAMS TO
BE CONNECTED AT JOINT,
SEE PLAN VIEW D/S-5 THRU BOLTS,

(2)5/8"DIA.

M/

"\ LEVEL #5 - EXISTING =
4 T EXISTING CROSS BEAM
4x8RC. |

LAG BOLTS, (4) 1/2"DIA.
5"EMBEDMENT INTO
EXISTING COLUMN, TYP.

BLOCKING TO BE ADDED TO
COLUMN TO ALLOW FLUSH
PLACEMENT OF ANGLE, NOT SHOWN
FOR CLARITY, SEE DETAIL F/S-6

ANGLETYPE 2,
SEE DETAIL H/S-6

W/

was desig is of the columns. This allowed the

reduction in the height of the gusset plates and maintained uniformity

t configuration. The additional flexure stress induced

by the eccentricity was accounted@le finite models, and the
table

timber columns weresfou

nstruction Phase

tained from a few hand selected contractors with the
cessary to perform the work. Dimensions North, of Catskill,

Y, was hired with an aggressive schedule and a construction budget
>f $105,000. Dimensions North specializes in historic buildings and
and~” has extensive experience dealing with timber structures, which made

ion rod axis  them an ideal choice for this project. continued on next page
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Daniel B Proper, RE. has worked in the upper

Hudson Valley Region e past 15 years
performing a wide structural engineering
serviges inpolving b ew and historic structures.

% is curgent member of ASCE and SEI Institute,

d spécializes in the design of conventional wood,
Wr and masonry structures.

Over the past three years, Melissa O’Leary has
Jocused on the structural design of custom residences
and the renovation of timber structures.

place of the reinforcement prior to fabrication. This coordination
helped significantly in keeping the project on schedule and within budget.

Due to the unevenness of the column members and the acute angle to the
cross bracing plane, the majority of the connections required the addition of
wood blocking to obtain proper positioning of the brackets (Figure 5, page
35). The blocking was constructed from parallam stock since it was of large
dimension and had a low moisture content, similar to that of the existing
timbers. The blocking was attached to the main columns via the lag bolts of
the connection and construction adhesive meeting ASTM standard 2559.

Some connections required chipping away of the column cross-sections to
allow proper placement of the angle brackets. Per our analysis, the contractor
was provided with maximum removal tolerance to ensure allowable stress
would not be exceeded.

Conclusion

The addition of steel reinforcements and cross bracing provided an
economic solution to repair the steeple’s lateral support system. However,
the method utilized for this project would not work in all cases. The fact
that the main columns were in good condition, and the timber trusses had
a significant residual capacity, pointed to the process selected.

The use of the finite element modeling aided significantly in reviewing
multdple options and determining the best fit to rectify the steeple. Nonetheless,
transferring the analytical results into practical construction methods/details
was not a simple task. This was overcome by having an open teamwork
approach between the contractor, structural engineer and owners. The other key
component was the skill of the contractor to follow through with the finalized
details, and surmount the problems inherent to old timber structures.

Engineer: Crawford & Associates Engineering PC
Hudson, NY

Contractor: Dimensions North Ltd
Catskill, NY
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