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Partially Reinforced Glulam Girders
Used in a Light-Commercial Structure

Robert |. Leichti, Paul C. Gilham,

Abstract

The technology has been implemented for partial rein-
forcement of glue-laminated timber (glulam) used in build-
ing structures, The reinforcement is a pultruded panel
comprised of an aramid fiber that is embedded in a plastic
matrix. The reinforcement is called aramid-reinforced plas-
tic, or ARP A light-commercial structure was built with
glulam girders that were reinforced over the central 85%
of the beam length, with 0.94% by cross-sectional area of
ARP reinforcement on the tensile side of the beam. The use
of reinforced glulam resulted in a 25% reduction in wood
volume in the girders, and a favorable price difference of
6.8% when compared with traditional glulam.,

Introduction

Fiber-reinforced plastic is an emerging materials tech-
nology that is devised to enhance the performance and
utilization of wood in glue-laminated timber (glulam).
Composites based on similar technology are being devel-
oped for use with other materials and infrastructure appli-
cations. The development and applications of reinforced
glulam and other wood-based engineered products in low-
rise buildings is reported by Tingley and Leichti (1994).
Previously, Leichti et al. (1993) described a pedestrian
bridge constructed with stringers that were reinforced using
the same technology.

The reinforcements are based on high-strength pultru-
sions used as tensile and compressive laminations in glu-
lam. The reinforcement panels are comprised of high-
modulus fibers, such as aramids or carbon, embedded in a
plastic matrix. Several different forms of the reinforcement
have been developed including those with aramid, carbon,
a hybrid of carbon with aramid, and more recently, fiber-
glass with aramid. For convenience, the different pultru-
sions are referred to by the principal reinforcement fiber;
for example, aramid-reinforced plastic is referred to as ARB
carbon-reinforced plastic is CRE and the hybrid of aramid
and carbon is ACRP Typical levels of reinforcement are less
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than 1.5% of the cross-sectional area. The reinforcement
technology is patented (Tingley, 1994) and is available
commercially as FIRP™ Glulam (American Laminators, Inc.,
Drain, OR).

The preliminary development research for reinforced
glulam focused on full-length reinforcement using ARP and
CRP However, reinforcement technologies for other build-
ing materials have shown that reinforcement requirements
are dependent on loads and the position of the reinforce-
ment along the axis of the beam. For this reason, partial
reinforcement has been developed using the pultruded
reinforcement panels. With the current technology, flexural
members can be designed using tensile reinforcement, or
tensile and compressive reinforcement for partial lengths.
The partial reinforcement is full-width and positioned in the
central portion of the beam so that the member is symmetric
about the centerline. Partial-length reinforcements from 90
to 40% have been tested and found feasible. The advan-
tages of partial reinforcement are related to the cost savings
attendant to using only the reinforcement required, as well
as the reduced costs of lower wood volumes and grades.

Case Study: The Sherwood Business Park

In the spring of 1994, Western Wood Structures (Tu-
alatin, OR) received a contract to furnish and install a
panelized roof system for the Sherwood Business Park in
Sherwood, OR. The building is owned by GVS Contracting,
Inc. (Newberg, OR), and is now used primarily for office
and warehouse space.

The building consists of three 80 x 121-ft (24.4 x
36.9-m) sections and is based on a 24 x 40-ft (7.3 X
12.2-m) grid. Simple beams span the 40-ft (12.2-m) grid
lines. The total structural area is 29,040 ft? (2698 m?2).
Figure 1 shows the grid plan for one-third of the structure,

continued on next page
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Figure 1. — A plan view for one-third of the Sherwood

Business Park structure showing the grid of columns and
reinforced glulam girders.

and includes the girder and purlin layout. The subpurlins
are not shown in Figure 1.

The original design called for a girder system of 24
beams, each 63/4 X 281/2 in. X 39 ft 45/8 in. (171 x 724
x 12,005 mm). These were 24F-V4 industrial-grade glulam.
The purlins were 21/2 x 161/2 in. x 24 ft (63.5 X 419 X
7310 mm) specified as 24F-E20, and were placed 8 ft (2438
mm) on center. The subpurlins were solid-sawn Douglas-fir,
2 x 6in. (38 x 140 mm), No.2 & Btr, located at 2 ft (610
mm) centers. The roof sheathing was 7/16-in. (11 mm)
oriented strand board with a 24/0 (610/0 mm) span rating.
The perimeter walls were masonry and the columns were
steel.

Loading for the design was based on the local wind and
snow conditions. A snow load of 25 psf (122 kg/m?2) was
used as the live load. The dead load was 1 psf (4.9 kg/m?).

The roof girders were redesigned and ultimately con-
structed as partially reinforced glulam. The reinforced
members were 51/8 x 2815/16 in. x 39 ft 45/8 in. (130 x
735 x 12,005 mm). The reinforcement extended over the
central 85% of each member on the tensile side (bottom)
of the beam, leaving an unreinforced length of 3 ft (914
mm) on both ends. The wood used in the reinforced glulam
was all Douglas-fir, graded L3.

Aramid-reinforced plastic was the type of reinforcement
used. Design calculations showed that a total reinforcement
thickness of 0.27 in. (6.9 mm) was required. The reinforce-
ment was produced in a 51/8 in. (130 mm) width and a
thickness of 0.09 in. (2.3 mm). The required reinforcement
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Figure 2. — A partially reinforced girder showing the reinforcement detail: a) a side view of the beam, and b) the cross section.
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