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Abstract 
This paper aims to demonstrate a typical optimization process that 
is applicable to  the design of timber structures. A load bearing 

timber-framed wall is optimized with the objective of minimizing 
the use of wood. The results of our study indicate that the amount 

of wood needed to build a single story wall increases dramatically 

at bay sizes larger than about 90 cm. This seems to correlate well 
with common notions that framing systems that use smaller lumber 
dimensions spaced at shorter distances are more efficient than 

heavy timber systems. The efficiency of such light framing systems 

however does not seem to be affected significantly when decreasing 

bay size to very small dimensions. This may suggest that more 
efficient manufacturing procedures can be more instrumental if 

we wish to decrease cost of similar wall assemblies. 

Introduction 
During the early 19th century, wood light framing largely replaced 

heavy timber construction as the prevailing method for constructing 

residential buildings in the United States. This transition is often 
assumed to have occurred very rapidly, being triggered by such 

factors as rapid urban expansion, scarcity of resources, or lack of 

skilled labor. Also, the development of water-powered sawmills, 
and new methods for making nails are among the technological 

factors often mentioned in  this context [ I ] .  Some of these 

assumptions however have recently been questioned. For example, 
evidence that balloon framing existed during the late 18th century 
might suggest a more gradual transition. Also, it is suggested that 

the quantities of nails or amount o f  dimension lumber in a balloon 
house are not always significantly greater than in a timber frame 

house [2]. The question remains whether wood light framing truly 
represented a more optimum design relative to heavy timber 

construction in terms of material consumption. While such question 
is of interest from an historical perspective, it may also be important 

for more practical reasons. According to a study performed by the 

Worldwatch Institute, fifty five percent of the wood cut for non- 
fuel uses is used for construction worldwide [3]. Being able to 
determine relative efficiencies for various types of framing systems 

may therefore have important economic and environmental 

consequences. It is surprising to note that house designs are seldom 
consciously optimized to minimize consumption of materials. This 

is in sharp contrast to for example the aerospace or automotive 

industries were design optimization approaches are routinely used. 
In light of the above, this paper aims to demonstrate a typical 

optimization process that is applicable to the design of timber 

structures. A timber-framed wall is optimized with the objective of 
minimizing the use of wood.This study will also provide a framework 

for identifying certain trends in conventionally framed wall systems 

made from wood. 

This Study 
In this study, a single story 10-meter long wall composed of typical 
wood members and exposed to both vertical and lateral forces is 

optimized (Figure 1). Optimal dimensional parameters were 

calculated for different bay sizes with the objective to minimize 
the total volume of wood being used to build the wall. The total 

volume represents the sum of the volume of vertical, horizontal, 
and the infill members as expressed in Equation 1. Three cases 

were considered: In Case a, it is assumed that both vertical and 
horizontal wood members have the same dimensions and are placed 

in one plane (Figure 2a). This configuration conforms to  current 
practice in the US. In Case b i t  is assumed that the vertical and 

horizontal members remain of the same dimensions, however the 

top member is rotated 90' accommodating a more optimum 
structural placement for that member (Figure 2b). In Case c both 

vertical and horizontal members were al lowed t o  evolve 

independent from each other (Figure 2c). All three designs were 

assumed to be loaded in the same way. A uniformly distributed load 
was applied to the top member. This load was assumed to come 

from a flat roof 6 meters deep and 10 meters in length, half of this 
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applied to  the top member. This load was assumed to come from 

a flat roof 6 meters deep and 10 meters in length, half of this 

load was applied to the wall being studied. A lateral wind load 

was further applied to the wall enclosure. Roof and wind loads 
were calculated according to the international building code (see 

Appendix A). The deflection for each member was constrained to  

11360 of the member's length; this upper limit was used for all 
three cases. The upper bound for lumber size was set at 30 cm, 

while the lower bound was set at Imm. The material was 

further assumed to be solid wood. All joints were considered to 
be pinned connections. A more detailed description of the 

optimization follows: 

Fig. I. Simple housing frame 

Fig.2. Three member-geometry cases 
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Results and Discussion 
Table 1 provides the optimal results for the three different 
scenarios. Figures 6.1, 7.1, and 8.1 represent changes in wood 

volumes with increasing numbers of bays for Cases a, b, and c, 

respectively. Figures 6.2, 7.2, and 8.2 provide the various optimal 

lumber dimensions for different numbers of bays for Cases a, b, 

and c, respectively. As might be expected, the results for Case b 
and c indicate that the design with more independent wood 

sizing yields the most optimal solution. Our results show that the 

volume of wood needed in Case c is approximately 10 O h  less 
than for Case a, and the results in Case b used about 5% less 

wood relative to Case a. 

Traditional wood light framed buildings use dimension lumber of 
approximately 2x4 inches or 5 by 10 cm. The maximum spacing 

distance for these is typically 40 to 60 cm (1 6' to 24") depending 

on loading conditions and height of the studs (41. From Figure 6.2 
we can see that the design of Case a yields almost the actual 

dimension of such traditional design for both vertical and 

horizontal members of the frame. The common spacing 
distances of 40 to 60 cm (1 6 to 25 bays for our 10-meter wall) 

also correlates well with the results presented in Figure 6.1. In 

general, the results for all 3 cases indicate that the use of wood 
starts to increases dramatically at n-values between 12 and 14, 

this represents a bay size of approximately 90 cm. Hence, it is 

clear that in our study the wood light framing systems are in 
general more material efficient than the heavy timber systems. 

For n-values starting at about 14 and higher, results further 

indicate that the optimal designs for each of these different n- 

values are very close to each other in terms of amounts of wood 
needed. The difference between the most and least efficient 

design in this range is only 0.1 17 m3. Any solution within this 

range is relatively close to the optimum solution. As the bay size 
increases in length we note that the cross-sections of the lumber 

become more square-like (Figures 6.2, 7.2, and 8.2). This 

correlates well with what we can observe in heavy timber 
structures, were square pieces of lumber are more commonly 

found. So while heavy timber systems are less optimal than 

wood light framing systems, they do tend to gravitate towards 
optimal cross sectional dimensions for their specific bay sizes. 
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Table I :  Optimum result for Housing Frame 

Fig. 6. Optimalsolutions for Case 1. Fig. 7. Optimal solutions for Case 2. 
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Fig. 8. Optimal solutions for Case 3. to decrease cost of similar wall assemblies. 
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