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P ORE W ARD 

This thesis is a descriptive study based upon an 

analysis of structural details and fabrication procedures 

investigated for the purpose of' assembling instructional 

materials relevant to framing systems a1d assembly tech- 

niques currently employed in wood frame residential con- 

struction. 

The Industrial Engineering and Industrial Art8 

Department at Oregon State College is responsible for a 

program in Production Technology with a Building Construc- 

tion Option. A revision of this curriculum is presently 

underway--purposed to coordinate and align the course of 

study more closely with current requirements and practices 

of the building construction industry. 

This study was undertaken for the purpose of collect- 

ing background material for a portion of' the revised 

curriculum. Many framing systems or variations of systems 

are currently in use, therefore, those included in this 

analysis were selected on the basis of the following 

criteria: applications which emphasize versatility, 

systems illustrating basic structural patterns, and pro- 

cedures demonstrating new framing techniques which appear 

to have certain economic advantages. 

Many factors affect or preface the use of a particu- 

lar framing system; therefore, consideration has been 



given to those basic elements which seem to be most in- 

fluential in the selection and execution of the various 

framing systems. This related information includes: 

design considerations, economy of construction, concepts 

of working drawings, project analysis by components, and 

a description of the classification and intended use of 

wood as a building material. 

The proposed instructional applications consist of 

a set of working drawings and companion references for 

reading assignments. The working drawings are intended 

to provide a means of systematically presenting ari appli- 

cation of the several principles involved in the selected 

methods of construction, rather than adhering to one 

standard method of framing. It is suggested that this 

application be accomplished through the fabrication of a 

model of the single family residence as set forth in the 

drawings. In view of the absence of a single textbook 

that would include the material proposed in this study, 

a series of supporting reading assignments are suggested 

in both related and instructional information. The re- 

lated information is centered around those previously 

mentioned basic elements of design, economy of construc- 

tion, project analysis and classification of wood, while 

the instructional references are intended to point out 

the physical characteristics of each particular structural 

application. 



In reference to the prerequisites for such a course, 

lt is assumed that the students should have previously 

completed studies pursuant to a foundation in House Plan- 

ning and Architectural Drawing constituting a familiariza- 

tion of architectural terminology, preliminary planning, 

and basic drafting techniques; also sufficient understand- 

ing of Woodworking Technology to provide a familiarization 

with the operational capabilities of equipment normally 

used in residential construction. 

A portion of the research in connection with this 

study led to a conference with the Portland Chapter of 

the Associated General Contractors of America, Building 

Division. As construction industry representativeB, they 

appeared to be very interested in the work being done by 

Oregon State College in the aforementioned Production 

Technology curriculum. However, their attention was 

directed more particularly toward the overall program 

rather than in a specific study such as this. 

This study has necessarily been limited to that 

segment of the construction curriculum involving framing 

systems, arid as such can only point up the problem of 

the next step, which would lead to an overall curriculum 

study for Production Technology. 
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AN ANALYSIS OF STRUCTURAL DETAILS AND FABRICATION 
PROCEDUHES IN WOOD FRAME RESIDENTIAL CONSTRUCTION 

FOR THE DEVELOPMENT OF APPROPRIATE TEACHING PROCEDURES 

CHAPTER I 

DESIGN ANALYSIS 

Bui1din Objectives arid Problem8 

The construction of a home should imply more than 

the ssemb1y of a nun'ber cf small pieces of nateria1 into 

a unit or structure. Similar applications of' design may 

appear in different homes) but the fundamental needs of 

the occupants 8hould influence the basic design. Space 

relationship is the product of individual family activi- 

tiea, needs arid habits. This, coupled with the aesthetic 

values of unity, variety and balance, is the prerequielte 

to functional design. 

Basically, those people who are involved in the resi- 
dential building construction indu8try are concerned with 

providing family shelter. Their degree of ultimate success 

depends upon rneetin the needs of e inc1ividualì for whom 

they are building. The types of she1tes o' homes vary as 

widely as do the personalities of the people for whom they 

are built. 

The econotic spiral of events today gives ample reason 

for concern in achieving one of the primary construction 

objectives, producing quality LoLnes at a competitive price. 

Three problems that present more than a mere challenge to 

the construction industry are: first, obtaining enough 



credit and mortgage commitments within the ability of the 

mortgagee to support financially; second, many of the 

areas of the country are becoming increasingly short of 

desirable building sites. The development of formerly 

undesirable areas presents an added expense; third, and 

probably the most significant current problem, is the 

manifestation of construction costs, which is a result of 

the continued rise in cost of labor arid materials (ref. 6, 

p. 27, 28, 29). 

Client Satisfaction 

Three terms have become somewhat synonymous with 

accepted design in the field of architecture: orientation, 

flexibility and circulation. These are not new ideas, nor 

have they been advanced by any single person or organiza- 

tion; rather, they represent the evolution of man's con- 

tinued quest for personal comfort through adequate housing. 

Some applications of these are as follows: 

ORIENTATION: 

1. Living room, with windows to the South, utilizing 
the advantages of solar heat, and additional 
windows on another outside wall. 

2. Dining room, with windows to the East. 

3. Kitchen, with windows to the East arid additional 

windows on another wall. 



4. Master bedroom, with daylight and ventilation 
from two separate outside walls. 

5. Second and third bedrooms, having both daylight 
and ventilation. 

6. MultIpurpose room, such as study, seclusion or 
family room, with daylight and ventilation. 

7. Controlled views, both distant and close. 

8. PrevaIling winds may very well be used to an 
advantage, providing proper control is exercised. 

9. Privacy, for outdoor activities such as games, 
social entertainment and gardening. The degree 
of privacy will depend upon the individual family 
activities. 

10. Public utilities, consideration should be given 
to public streets, power poles and service con- 
nections and their relationships to the individual 
lot. 

CIRCULATION: 

1. Front entrance, should have an easy direct con- 
nection but not open directly into the living 
room. 

2. Service entrance, should be close to the kitchen 
work center. 

3. Circulation paths, easy access should be provided 
to all rooms of the house without passing through 
the work center of the kitchen or conversational 
centers of other rooms. 

4. Kitchen serving center, should be close to the 
the dining area both in the kitchen and dining 
room. 

5. Halls, should provide convenient access to bath- 
room from all bedrooms. 
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6. DIning room, should be related to the living 
room by means of a direct access. 

FLEXIBILITY: 

1. MultIpurpose room, for multiple activities 
providing expansion into another room, or isola- 
tion for seclusion. 

2. Compartment bath, allowing multiple usage of 
facilítíe. 

3. Open planning, through dining, living and kitchen 
areas. 

4. Laundry, close to kitchen, bath and bedroom. 

5. Heating system, centrally located and preferably 
utilizing a perimeter system. 

6. Storage facilities, for all activities and areas 
in or near points of use. 
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CHAPTER II 

FABRICATION DEVELOPMENT AND ORGANIZATION 

Economy of Fabrication 

Cost3 of materials are generally uniform in a specific 

locality for each and every home builder. This is to say, 

one builder can purchase a specific grade of material at 

approximately the same price as the next. The exception, 

of course, is large volume orders which shall be excluded 

80 far as this dissertation is concerned. Therefore, if a 

contractor is to realize a profit from his investment and 

work, he must use processes, designs and techniques that 

represent both time and material savings. This in no way 

is meant to infer that quality is to be sacrificed, but 

rather, that efficiency, resourcefulness and ingenuity be 

employed as common practices. 

Early construction in the United States made use of 

a type of construction which employed a mortice and tennon 

type of frame. Although this method of construction 

served quite well during the time that it was used, it 

was obvious even to the people of that day that it W88 

entirely too time-consuming. At about the middle of the 

19th century, the balloon frame began to replace this 

method. The change came about through the influence of 



the need for more rapid con2truction and the development 

of the wire nail. Recent yeara have seen the advancement 

of still another type of framing known as the platform 

frame. This particular type of construction opened the 

avenues to present-day production methods of fabrication 

(ref. iLl, p. 1, 2). Today, economy alone dictates the 

continued search for better uses of materials, reduction 

of waste, and increased efficiency in fabrication. In- 

dividual architects and builders, as well as research 

laboratories such as the United States Forest Products 

Laboratory at Madison, Wisconsin; House and Home Finance 

Agency at Washington, D. C.; University of Illinois Small 

Homes Council at Urbana, Illinois, arid privately owned 

organizations such as the Douglas Fir Plywood Association 

at Tacoma, Washington, are constantly employing and exper- 

imentin with new methods of framing and different 

combinations of traditional methods. However, as with 

any new or experimental processes, the successful appli- 

cation and fulfillment of objectives is the real test of 

success. Jhat might be considered adequate today will not 

necessarily meet with the approval or satisfy the require- 

ments of tomorrow's society. 
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Types 21. Construction 

In reference to the various systems of framing 

employed today, the following are offered as either 

accepted or in the advanced experimental stage wherein 

they may be considered functional applications: 

1,, Platform construction, the subfloor extends to 
the building line (outside studding line) where- 
after the walls and partitions are erected and 
secured to this surface. 

2. Balloon construction, this type of construction 
provides for the wall studding and joists to 
bear upon and be secured to the anchored sill. 

3. Plank na beam construction is a construction of 
floors, walls and roofs in which framing members 
are widely spaced, and loads or forces are trans- 
mitted to them by planking or equivalent means. 

¿_. Skin stressed panels constitute larger floor, 
wall or roof sections that are preassembled from 
Joists and plywood skins, blued together to form 
one structural unit. 

. Rafters are a series of Individual structural 
members designed to work together in supporting 
roof loads and transmit these loads to the 
bearing walls or partitions. 

6. Trusses are particularly adaptable to clear span 
construction wherein a jointed structure, acting 
as a long-span beam, supports the roof loads and 
transmits these loads to the bearing walls. 

Modular Units and Stock Materials 

Nodular measure is a pre-established dimensional 

system whereby building layout dimensions can be coordinated 
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with stock, manufactured buildIng materials. This concept 

of modular coordination ws first advanced by Albert 

Farwell Bemis in 1936, whereafter the American Standards 

Association organized project A2 to advance modular co- 

ordination. In 1957 the Modular Building Standards 

Association was organized to promote and advance the 

modular program (ref. !, sec. 1, p. 15, 16). 

A module is a unit of measurement, and the basic 

module esta1ished for use in the building construction 

industry is four inches. It la large enough to fit manu- 

factured materiale conveniently and small enough to satisfy 

the necessary flexibility requirements of arch1tectu'al 

design. The objective of this system is to promote the 

economical use of standardized building materials (ref. i6, 

p. 5-7). 

Concepts of Workinß Drawings 

The minimum plan requirements acceptable to the 

Federal Housing Administration for a construction loan 

are: a plot plan, a flooi' plan, exterior elevations, a 

cross section and cabinet work details (ref. 11, p. 1, 3). 

Many of the houses built today are constructed from a 

set of plans that meet only these minimum requirements. 

Although these are considered sufficient for minimum 



standards, construction problems do arise, and the possi- 

bility of mistakes through oral instructions or changes 

affects the outcome of the project. 

A clear working concept of each component ehould be 

graphically expressed whenever feasible. In order to 

accomplish this objective, a revision of the above minimum 

plan requirements &hould include such additional items as: 

1. Framing plans for each major component 8uch as 
floor, walls arid roof. 

2. Panel layouts for materials such as plywood and 
wall-board. 

3. Miliwork details for doors, windows and cabinets, 
ircluding installation irtructions. 

k. Foundation layout, showing the shape and loca- 
tion of all footings and walls. 

5. Utility and mechanical layouts, such as location, 
sizes and extent of wiring, plumbing and heating 
installations (ref. 14, p. 2). 

Architectural drawings are graphic representations of 

design concepts. The more complete and concise they are, 

the less chance there is for deviation or misunderstanding. 

The addition of step-by-step instructional procedures 

should be included whenever they will be helpful in clari- 

fying drawings. This concept of working drawings is 

advantageous to all concerned with the project. Although 

it requires more time and effort ort the part of the archi- 

tect, he is more likely to realize the proper execution of 
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his design. The contractor or builder has a better chance 

of interpreting and planning hs work. Thus, costly 

delays and construction changes are at least partially 

eliminated. The client or future occupant may realize 

the satisfaction of a home well built that satisfies his 

need8 end is within the original estimate or firm bid 

price. The economy of this concept may very well be 

reflected in a reduced total cost of the project. 
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CHAPTER III 

OPERATIONAL ANALYSIS 

Analysis Components 

The division of a project into elements is basic to 

its fabrication. Each construction project must inevitably 

be assembled from many small pieces of different kinds of 

materials. In sorne cases pre-assembled units may be 

brought to the construction 8ite, but these were in turn 

assembled from individual pieces. To make a thorough 

investigation of all auch pieces would require a lengthy 

study of each specific project. This principle of fastid- 

loua analysis is more applicable to research than to 

actual job operations. Economic feasibility generally 

dictates that a compromise be employed, wherein common 

elements are integrated under broader groupings called 

components. Fundamentally this arrangement conaiBt8 of 

dividing a project into major components. This subdivision 

is ba8ed upon common operations, materials or sections 

that may be applicable to most projects. These components 

are further divided into sub-components consisting of 

individual items common to the specific division (ref. 12, 

p. 1). The purpose of this arrangement is three-told: 

first, it provides a convenient method of appraising the 
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quantity of operations and materials involved in the 

project. It is relatively brief, but at the same time 

is thorough enough to eliminate the possibility of a 

costly omis8ion. Second, the standardization provides 

a means of checking one project against another. This 

may be accomplished by means of a companion cost-analy8is 

record, using the same component divisions. Third, a 

work-progress evaluation may be accomplished whereby 

the anticipated schedule may be compared to actual accom- 

plishments. This further provides a means of scheduling 

de].iveriea of materials and providing a means of 

coordinating operations. The following arrangement of 

components could normally be applied to residential con- 

struction: 

COMPONENT 1: PRELIMINARY SURVEY 

A. Plans, permits and specifications 
B. Location of property lines 
C. Location of building corners 
D. Footing layout 

COMPONENT 2: EXCAVATION, BACKFILLING AND GRADING 

A. General excavation 
B. Trench excavation 
C. Backfilling trenches and foundations 
D. Rough grading 
E. Excavation haul 
F. Earth fill 

COMPONENT 3: FOUNDATION 

A. Gravel fil]. 

B. Vapor sea]. 
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C. Forms 
D. Reinforcing steel 
E. Form ties 
F. Footings, concrete 
G. Walls, concrete 
H. Drain tile 
I. Window wells 

COMPONENT 4: FLOOR FRAMING 

A. Sills 
B. Girders 
C. Joists 
D. Beams 
E. Bridging 
F. Blocking 
G. Subfloor or underlayment 

COMPONENT : WALL FRAMING 

A. Plates 
B. Studding 
C. Cripples 
D. Headers 
E. Beams 
F. Posts 
G. Joists, ceiling 
H. Wall sheathing 

COMPONENT 6: ROOF FRAMING 

A. Rafters 
B. Trusses 
C. Roof Beams 
D. Roof panels 
E. Roof sheathing 
F. Final roof covering. 

COMPONENT 7: WINDOWS AND EXTERIOR DOORS 

A. Window units, complete 
B. Window units, less sash 
C. Exterior trim 
D. Door units, complete 
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COMPONENT 8: EXTERIOR FINISH 

A. Soffit 
B. Paola 
C. Siding 
D. Barge trim 
E. Corners 
F. Vents 

COMPONENT : ELECTRIC WIRING 

A. Service entrance and panel 
B. Low-voltage rectifier and relaya 
C. Outlet boxes, wall 
D. Outlet boxes, ceiling 
E. Rough-in wiring 
F. Switches, outlets and fixtures 
G. Installation of lighting fixtures 

COMPONENT 10: MASONRY 

A. Exterior veneer 
B. Flue 
C. Fireplace 
D. Interior veneer 

COMPONENT 11: PLUMBING 

A. Sewer connection 
B. Septic tank 
C. Connection pipe 
D. Water service to building 
E. Rough-in complete 
F. Installation of fixtures 

COMPONENT 12: INSULATION 

A. Foundation 
B. Floor 
C. Side-walls 
D. Ceiling 
E. Roof 

COMPONENT 13; INTERIOR FINISH 

A. Surrounds 
B. Door units, complete 
C. Dry-wall, Gypsum 
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D. Plaster 
E. Wood paneling 
F. Wall tile 
G. Acoustical tile 
H. Finish floors 
I. Trim 
J. Screens and screen doors 

COMPONENT )i4: MILLWORK 

A. Kitchen cabinets 
E. Utility cabinets 
C. Bath cabinets 
D. Closets and wardrobes 
E. Stairs 

COMPONENT 15: HARDWARE 

A. Door 
B. '4indow 
C. Cabinet 
D. Kitchen 
E. Bath 
P. Utility 

COMPONENT 16: PAINTING 

A. Exterior 
B. Interior 

COMPONENT 17: NEATING AND SETTAL 
A. Heating plant 
B. Ducts 
C. Registers 
D. Pipe lines 
E. Radiators and convectors 
F. Fuel storage tank 
G. Electric, radiant, fixtures 
I-i. Controls 
I. Gutters and downspouts 
J. Roof drains and disposal 

C OMPONENT 18 : EXTERIOR PROPERTY DEVELOPMEWP 

A. Finish grading 
B. Landscaping 
C. Walks, drives and patios 
D. Walls and fences 
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Requisition and Cutting Schedule 

A materials hat showing nominal sie and quantities 

is relative but inadequate for operational efficiency. 

The inference here Is that additional planning is bene- 

ficial. Materials should be secured with a definite 

purpose in mind, and that purpose should be recorded. This 

record may be referred to as a cutting schedule. An ex- 

ample of this would be nateria1s such as framing lumber, 

which is manufactured in standard lengths of two-foot 

increments. Therefore, ii, two or more pieces are to be 

cut from a standard piece of lumber, they should be so 

indicated in the schedule, and when materials are deliver- 

ed to the job-site, they should be cut according to this 

schedule. This system encourages an orderly, efficient 

means of preparing the materials for fabrication, whereby 

it not only lists the actual sizes of each piece, but also 

what nominal sizes should be purchased. Figure 1 illus- 

trates the manner in which this may be recorded. Another 

favorable aspect of this procedure is the sequence and 

timing of deliveries. This decreases the storage problem 

and at the same time assures a constant flow of materials 

when needed (ref. 12, p. 2, ¿4, 112). 



CUTTING & ORDER 

COMPONENT NUMBER 
WALL FRAMING 

SCHEDULE 
5 

DESCRIPTION QUANTITY DIMENSION CUT SIZE WASTE USE WASTE FOR ORDER 

Plates 2 2 X 24 )QI _ O" - - - 2 - 2 X 4 - 20' 

Plates 3 2 X 24 L)4' - 3-i" 1' 8' Backing 3 - 2 X J-i. - 16' 

Plate i 

1 

2 X 24 

2 X )4 

20' - 3-i" 1' - 8-' Blocking 1 - 2 X k - 22' 

Plate 18' - 3 1' -8' Bridging i - 2 X k - 20' 

Studding 28 2 X 14 
' 

8-1/8' 4-7/8" Scrap 8 - 2 X 4 - 8' 

Studding - 26 2 X 14 7' - %" 8-3/14" 

FIGURE I 

cripp1es6 - 2 X 24 - 8' 



CHAPTER IV 

WOOD AS A BUILDING MATERIAL 

Characterization 
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Wood remains the predominant building material In 

residential construction. Although it has been subjected 

to substitution, modification and transformation, there 

are certain inherent qualities about the material that 

have caused it to remain through the years as a contribu- 

tive element to the progress of' the building construction 

industry. 

Notwithstanding the fact that wood does have many 

disadvantages, these are considered permissible in view 

of the desirable characteristics It offers in strength-to- 

weight ratio, ease of working, ability to hold fastenings, 

insulation qualities, stability, and flexibility. This 

combinatIon of properties t basically due to the structure 

and cheniical composition of the wood itself. Wood con- 

sist2 mainly of hollow fibers, the walls of which are corn- 

posed of cellulose and lignin, the latter acting as a 

cementir agent that binde the cells together. This lignin 

bond is so sti.'orìg that stress failures normally occur in 

the fiber walls rather than in the lignin bond (ref. 15, 

p. k). 
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Classifica tian 

Trees native to this country are divided into two 

general classes hardwoods and softwoods. Hardwoods, 

except in the warmer regions, are considered to be decidu- 

ous and shed their leaves at the end of each growing 

season. Softwoods, under this general classification, 

are known as conifers or evergreens, so named because 

virtually all such trees bear cones and retain their green 

needles tnrouçhout the year. Exceptions are cypress, 

tamarack and larch. 

The terms 'softwoodt 
or "hardwood" do not necessarily 

indicate the relative hardness or softness of a species of 

wood. Examples of this are the longleaf pine and Douglas 

fir; although classified as softwood, they are harder 

than basswood or poplar, which come under the classifica- 

tion of hardwood.. 

Physical Characteristics of Trees 

The cross section of a tree shows three distinct 

zones: the outer shell, called bark; a light-colored layer 

immediately under the bark called sapwood; and an internal 

section, darker in color than the sapwood, called heart- 

wood. The very central core of the tree is known as the 

pith, which represents the primary growth of the tree. 
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A tree grows In size by the deposition of new layers 

of cells on the outer edge of the sapwood. This Is ac- 

complished by the action of a thin band of tissue known 

as cambium, located between the bark and sapwood. This 

cambium layer formulates new bark cells on the underside 

of the bark and wood cells on the outer edge of the sap- 

wood. Sapwood contains the living cells which serve to 

store and transfer the food for the tree. Heartwoods 

contain cell8 that are Inactive from the standpoint of 

supplying nutrition to the tree; their primary function 

is furriiahlng strength to the trunk of the tree (ref. 9, 

p. 1, 4). 

Lumber 

Logs tnay be ripped into lumber in two distinct ways: 

tangent to the annual rings, resulting in plainsawed lumber 

in the hardwoods and flatgrained lumber in the softwoods. 

Opposed to this, the log may be cut at right angles to the 

annual rings or parallel to the medullary rays, producing 

quartersawed lumber In harthooda and vertical-grained 

lumber in 8oftwoods (ref. 15, p. 29). DifferentiatIon 

between the two is governed by the following permissible 

limits established by the various grading a$sociations: 

quartersawed lumber must have annual rings at degrees 
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or more with the surface, and plainsawed lumber must show 

annual rings degrees or lese with the surface. 

Classification of Lumber 

Lumber dimensions pertaining to thickness and width 

are referred to as nominal or dressed sizes. Whenever 

such terms are used, they shall indicate the following: 

nominal size, the rough-sawed commercial size such a a 

2 X 6, which would measure approximately 2 inches by 6 

inches; dressed size, the actual net size after having 

been surfaced. Dressed dimension lumber is reduced from 

3/8 to 5/6 or ari inch less than the nominal size during 

the process of surfacing the four sides. Boards whose 

nominal thickness is i inch are reduced to 25/32 or 3/4 

of an inch in thickness and are reduced in width by 3/8 

to 5/8 of an inch when surfaced on four sides. For ex- 

ample, dressed i X 6s are standardized at 3/14 X 5 inches 

finished dimensions. 

Lumber is generally classified in three ways: by 

size, by completeness of the manufacturing processes, and 

by Its intended use: 

1. Size classification (nominal) 

A. Boards. Lumber less than 2 inches thick and 

i or more inches wide; boards less than 6 

inches wide may be classified as strips. 
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B. Dimension. Lumber at least 2 but not over 

5 inches thick and 2 or more inches in width; 

normally used for joists, planks, rafters and 

studding. 

C. Timbers. Lumber that is 5 or more inches in 

the least dimension1 normally used for beams, 

stringers, posts, sills, girders and pur lins 

(ref. 5, p. 20). 

2. Manufacturing classification, based upon the ex- 

tent of processing. 

A. Rough lumber. Lumber that has not been 

dressed (surfaced) but which has been sawed, 

edged, and trimmed at least to the extent of 

showing saw marks in the wood on the four 

longitudinal surfaces of each piece in its 

overall length. 

B. Dressed lumber. Lumber that has been surfaced 

by a planing machine for the purpose of 

attaining smoothness of surface and uniformity 

of size. The following terms indicate the 

extent of surfacing: ori one side (slS), two 

sides (s2s), one edge (siE), two edges (s2E), 

or a combination of both sides and both edges 

(sks). 
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C. worked Lumber. Lumber which in addition to 

being dressed has been matched, shiplapped 

or patterned. 

a. Matched lumber. Lumber that haa been 

worked with a tongue on one edge of' each 

piece and a groove on the opposite edge, 

to provide a close tongue-and-groove Joint 

when companion pieces are fitted together; 

when end-matched, the tongue-and-groove 

milling is applied to the ends as well. 

b. Shiplapped lumber. Lumber that has been 

worked by rabbetirtg on both edges of each 

piece to provide a close-lapped Joint when 

the two pieces are fitted together. 

C. Patterned lumber. Lumber that is shaped 

to a pattern or to a molded form, in acidi- 

tion to being dressed, matched or shiplap- 

ped, or any combination of these workings. 

3. :!. classification, based upon the intended appli- 

cation. 

A. Yard lumber. Lumber of those grades, sizes 

and patterns generally intended for ordinary 

construction and general building purposes. 

B. Structural lumber. Lumber that is 2 or more 
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inches in thickness and width for use where 

working stresses are required. 

C. Factory and shop lumber. Lumber that is pro- 

duced or selected primarily for re-manufac- 

turing purposes (ref. 5, p. 20). 

General Grading Classification 

Lumber for residential construction consists primarily 

of boards and dimension lumber, and the grading classifica- 

tion is based upon the projected use. Therefore due 

consideration must be given to the selection of material 

for each specific application. Grading categories are 

listed below, together with some intended uses of hoards 

and dimension lumber. 

1. Boards: 

A. Select merchantable. Recommended for high- 

grade construction and for exposed interior 

and exterior use. 

B. Construction. Used for sub-floors1 roof and 

wall sheathing, concrete forms and similar 

type8 of construction. 

C. Standard. Used in conjunction with construc- 

tian" boards for sub-floors, roof and wall 

sheathing and for rough concrete form work. 
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D. Utility. Not selected for appearance; may 

require trimming to be used as sheathing or 

concrete forms. 

E. Economy. Usually used for low-grade sheath- 

ing, crating, bracing and temporary construc- 

tion (ref. 19, p. 

2. Dimension: 

A. Select structural. Recommended for the high- 

est categories of construction; has maximum 

strength and gooc appearance. 

B. Construction. Recommended for framing, stud- 

ding, rafters, and joists; seldom used in 

exposed construction. 

C. Standard. Used in conjunction with construc- 

tion1' for studding, rafters and joists where 

heavy loads are not a factor. 

D. Utility. Suitabie for use in framing for 

cripples, headers, backing and blocking, where 

shorter lengths and trimming are necessary. 

E. Economy. Suitable for crating, bracing and 

temporary construction (ref. 19, p. k5-50). 

Moisture Content and Sizes 

Framing lumber manufactured in this country has no 

appreciable end-grain shrinkage, with the exception of 
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redwood. That le, for all practical purposes a piece of 

lumber will remain the same length regardlesa of Its 

moisture content. In contrast to this, the same piece of 

lumber will shrink across the grain from one-eighth to 

one-half inch during the process of drying. This shrink- 

age increases as the width of the lumber increases. For 

example, a a-inch piece of lumber may shrink only 1/8 of 

an Inch less than Its manufactured size of 3-5/8 inches, 

but a 12-inch piece may decrease on drying by as much as 

one-half inch. 

Moisture content is expressed in a percentage, de- 

rived from the comparison of the weight of a sample piece 

of wood before and after it has been oven-dried. Normally 

anything over 25 per cent moisture content is not consid- 

ered to be dry and Is termed green lumber. Air-dried 

lumber will vary from 12 to 18 per cent moisture content, 

depending upon the atmospheric conditions to which it has 

been subjected. Kiln-dried lumber is dried by artificial 

means in a special large oven-like structure (the kiln) 

with controlled atmosphere. The average moisture content 

of kiln-dried lumber is approximately 10 per cent (ref. 9, 

p. 311-326). 

Green framing lumber has the advantages of being 

easier to fabricate, both from the standpoint of cutting 
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and nailing. The cutting edges of keen-edge tools remain 

sham longer, and less splitting occurs when nailing close 

to the ends of the lumber. On the other hand, nails are 

not as tight and do not hold as well when the structure 

dries out. This reduced holding power of the nails is 

due to the chemical action that takes place between the 

iron nail and the moisture tri the wood. This reaction 

produces a deterioration tri the wood fibers and hence 

loosens their grip on the nail (ref. l4, p. 96). Shrinkage 

of the lumber during the process of drying presents an 

additional problem that is an ever-present menace in wood 

construction. 

Standards 

American lumber standards habe been adopted in prin- 

cip].e by the leading softwood lumber associations-- 

California Redwood Association, Southern Cypress Manufac- 

turerst Association, Southern Pine Association, West Coast 

Lumbermen's Association, Western Pine Association and 

No'thwestern Lumber Manufacturers' Association. The in- 

formation set forth tri this section is based upon American 

lumber standards; however, it is not meant to be a 

complete coverage of the grading specifications and rules. 

Instead, it is intended as an introduction to lumber, its 



importance, manufacture and intended use In the building 
construction industry. 
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CHAPTER V 

DESCRIPTION OF FABRICATION AND ASSEMBLY PROCEDURES 

Structural Systems 

The structural systems are herewith divisionalized 

somewhat arbitrarily, based upon the general method of 

fabrication. For simplicity of explanation, they are 

separated into major components, representing respective 

phases of construction: floor framing, wall framing, 

roof framing. There are many adaptation possibilities 

of the following general systems. Therefore, they are 

offered as basic principles, not as dictated methods. 

Floor Framing Methods 

1. Joist Construction. A system based essentially 

on a series of parallel pieces of dressed, 

dimension lumber, usually 2-inches nominal 

thickness and 8 to 12-inches nominal width, 

spaced 12, 16, or 24 inches on center. These 

members normally rest upon the sill at the 

outer walls of the building and are supported 

between the foundation walls by girders. 

2. Plank and Beam Construction. An adaptation of 

heavy timber construction wherein a serles of 



beams, usually 3 to 6 inches In width and 6 to 

12 inches In depth, are spaced 4 to 6 feet on 

center; either dressed or net sizes are specified 

when ordering. The characterization of the 8ystem 

is the concentration of design loads on fewer and 

larger pieces of materia], as compared to the joist 

construction. The flooring placed upon these 

beams is usually 2 or 3-inch dressed, tongue-and- 

groove decking, which in itself must support the 

actual loads between the 8upportin,g beams (ref. 17, 

p. 1-5). 

3. 2 : k : i Plywood Floor System. 2 : 
24 

: i is the 

copyrighted trade name for a specially designed 

and fabricated i-1/8 inch thick Douglas fir ply- 

wood panel, intended as a combination sub-floor 

and underlaytnent. This structural plywood is in- 

stalled with the face grain at right angles to 

the supporting beams. A single panel, 4 by 8 

feet, is intended to extend over two apane between 

the beams, which are spaced four feet ori center. 

When lt was first developed, the normal square- 

cut-edge plywood was used, and edge blocking was 

required to provide a support every four feet 

between the main beams. Recent manufacturing 
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developments have provided toriue-and-groove 

edges on the plywood, which eliminates the neces- 

ity of the edge b1ockin, Beans on four-foot 

centers provide the entire under-structure, and 

the plywood is placed in the same manner as be- 

fore indicated (ref. 2, p. 1, 2). 

Wall Framing Methods 

1. Studded Frame Construction. This system provides 

a framework, U8U81].y of 2 X 4 or 2 X 6 dressed- 

size dimension lumber, over which the exterior 

and interior wall covering8 are applied. Struc- 

turally, this framework muat transfer the roof 

and ceiling loads to the foundation as well as 

resist external lateral forces that could re8ult 

in racking. In the platform method of wall con- 

struction (see Figure 2), the bottom of the stud- 

ding is secured to a bole plate which in turn is 

secured to the subfloor. Tops of the studding 

are allined by a double top plate upon which the 

ceiling joists rest (ref. 10, p. 32, 33). When 

applied to one-and-one-half or two-story construc- 

tion, the studding are cut and capped with the 

double plate at the first-floor ceiling height. 

A separate floor and wall system is placed upon 
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these plates to provide the upper story. Thus 

the name "platform," wherein each level is corn- 

plete within itself. 

Compared to this, the balloon frame method 

of wall construction (see Figure 3) allows the 

studding to extend the full height of the build- 

ini;. At the bottom, the studs extend below the 

floor level, where they rest upon the sill, and 

at the top they are secured to a double plate 

upon which the ceiling joists and rafters are 

carried. In one-and-one-half and two-story con- 

struction, the intermediate Joists, representing 

the ceiling joists of the lower level and the 

floor jOiSts Of the upper level, are supported 

by a ribbon board let into the studding. Thus 

the studding are permitted to extend the full 

height of the building as indicated before (ref. 

lo, p. 33, 35). 

The spacing of the studding in these wall8 

may vary from 12 to 24 inches, depending upon 

architectural design, structural considerations 

and local building code requirements. 

In respect to the preference of one of these 

methods to the other, the following advantages 
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usually influence, but riot necessarily dictate, 

tle selection. The platform method is more 

readily adaptable to single-story conatruction 

in that more efficient methods of erection, such 

as tilt-up and panelized construction, may be 

readily employed. The tilt-up procedure permits 

the wall to be framed to any degree of completion 

while in a horizontal position on the sub-floor. 

It IB then raised into position as a semi-complete 

wall unit. Panelized construction utilizes the 

precutting and assembling the materials into units 

by means of assembly jigs, either on or away from 

the job-site. The panel units may be assembled 

into any desirable size, usually determined by 

the available equipment and manpower (ref. 14, 

p. 77, 78). The balloon method is more applicable 

to two-story construction, the primary reason re- 

sulting from the fact that less settling will 

occur due to lumber shrinkage. 

2. Post and Beam Construction. This system enter- 

tains the use of 4-inch or larger surfaced posts, 

spaced from 3 to 8 feet on center. The posts may 

extend beyond the floor framing into the ground, 

where they are set in concrete, forming the foot- 

Ing and foundation of the building. In other 
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applications they bear upon the first floor deck, 

which may be of either the platform or the plank 

and beam type of construction. In still other 

applications, they may bear upon the sill similar 

to the balloon frame. This system has become 

somewhat synonymous with contemporary architec- 

ture, although lt Is by no means a recent develop- 

ment in construction. The adaptation of this 

system to residential construction Is a result 

of the special aesthetic qualities that can be 

achieved from materials of thi8 kind, as well as 

the possibility of achieving certain construction 

economies. The design effect can ieadIly be 

achieved, but the economy is somewhat question- 

able because it i_s contingent upon other items 

that reflect personal preference, such as: kind 

of wall framing between the post8, extent of 

clear span, type of' exterior and interior wall 

coverings, and insulation requirements (ref. lLi, 

p. 80). 

Roof Framing Methods 

Roof framing is dependent upon the style of roof, 

which in turn is relevant to the architectural design. 

Common styles in current use may be categorized under the 
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following: shed, flat, gable, hip, gambrel and mansard 

(see Figure 4). Different kinds of framing employed to 

accomplish the above roof styles are: rafters, trusses 

and joists or beams. 

1. Rafters (see Figure 5). This framing system Luay 

be applied to the shed, gable, hip, gambrel and 

mansard roof styles. In view of the fact that 

there are several kinds of rafters, the following 

terminology and use-location are given: 

A. Common rafter. A structural member extending 

at right angles troni the plate line to the 

ridge. 

B. rafter. A structural member that forms 

the intersection of' two external roof slopes, 

usually resting on the plate and extending to 

the ridge. 

C. Valley rafter. A structural member that 

forms the intersection of two internal roof 

slopes, usually resting on the plate and ex- 

tending to the ridge. 

D. Jack rafter. A structural li]ember that extends 

from the plate to a hip rafter or from a 

valley rafter to the ridge. termed jack 

or valley jack, respectively. 
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E. Cripple Jack rafter. A structural member 

that extends from a hip ratter to a valley 

rafter. These members are parallel to each 

other and each is the same length in an 

equal pitch roof (ref. 20, p. 120, 121). 

2. Trusses. This framing system is usually thought 

of as associated with gable roof styles only; 

however, special applications may be employed in 

other styles such as the hipped roof (ref. 7, p»). 
There are several varieties of trusses, but 

the two most generally used in residential con- 

struction are the W and Kth Post (see Fiurea 6 

and 7). The material from which the atructural 

members of the trusses are fabricated is usually 

2 X 4 or 2 X 6 surfaced, construction or select- 

structural grade lumber. The exact size must 

necessarily be determined by 8tructural analysis 

considering the design load and span. Connection 

between the cords and the posts may be by means of 

nails, split-ring connectors and/or various metal 

plates, but plywood gusset plates, glued and nail- 

ed in place on each side of the joint, are 

superior (ref. 8, p. 2). However, the gusset 

plates are slightly more time-consuming to fabri- 

cate. 
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Trusses are associated with clear-span con- 

struction, whercin no internal-bearing partitions 

are necessary to support the roof or ceiling, 

thus facilitating the use of opeìì planning. 

3. Beams. This system is used in connection with 

flat, shed, and gable roof-styles, although it is 

not uncommon to see variations used in conjunction 

with other styles for carports, breezeway-a, etc. 

Other than for auch special applications, the 

beam type of roof construction is normally an 

integral part of the post-and-beam system men- 

tioned under wall framing. 

The size of the beam is necessarily governed 

by the load it must support, the span it must 

traverse, and the kind of material used. Each 

application must he considered separately. It is 

quite possible for the sizes to range anywhere 

from X 6 to 6 X 12 timbers, or larger. In 

residential construction, three kinds of beams 

are predominant: the solid beam, the laminated 

or built-up beam, and the plywood box beam. 

The solid beam la a piece of dimension 

lumber or timber that is unchanged in form 

from the shape that Is produced by sawing 

and planing at the manufacturing plant. 
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The laminated or built-up beam i8 fabricated 

at the job-site or at a special manufacturing 

plant. It consists of layers of lumber join- 

ed together by mechanical fastenings or ad- 

hesives, so that the grain of all layers 18 

essentially parallel. 

Plyyood beams (see Figure 8) consist of 

one or more vertical plywood webs to which 

lumber flanges are glued along the top and 

bottom edges. At intervals along the beam, 

vertical lumber stiffners at the web joints 

separate the top and bottom flanges. The 

lumber flanges carry most of the bending 

moment, and the plywood webs carry the shear. 

The joint between the two must be sufficient 

to transfer these stresses from one to the 

other without failure. Vertical stiffner3 

between the flanges distribute concentrated 

loads and resist web buckling. Deflectiorie 

resulting from shear are usually significant 

enough to be considered in addition to the 

bending deflections. 

Loads, spans, allowable stresses and de- 

sired appearance determine the beam propor- 

tioris. The depth and cross-section may be 
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varied alone the length to fit design re- 

quirernents, provided the resisting moments 

and shears at all sections are adequate 

(rei'. 3, p. 1, 2, 3). 

Miscellaneous Construction 

1. Stressed-skin plywood panels: structural compo- 

nents normally used as floor or roof elements. 

Distances up to 20 feet may be spanned without 

conventional framing, and the system is equally 

adaptable to inclined or flat surface8. Essential- 

ly the panels consist of a framework of JolatB and 

headers covered with plywood. Said Joists are 

usually spaced 12 or 16 inches on center and ex- 

tend the full length of the panel. The plywood 

coverings are feet wide and applied with the 

face grain parallel to the Joists. The size of 

.joi8ts as well as the thickness and length of the 

plywood covering is dependent upon the design 

loads arid span. 

Due to the tendency of the top and bottom 

plywood covering to slip horizontally when sub- 

jected to a bending load, they must be glued to 
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the Joists and headers; thus the plywood "skin" 

acts Integrally with the framing nìernbers to 

resist bending loads (ref. 1, p. 225-229). 



J47 

CHAPTER VI 

INSTRUCTIONAL APPLICATIONS OF FRAMING SYSTEMS 

Introduction 

This section of the study introduces a series of work- 

ing drawings that represent the application of some of the 

conBtructiorl systems heretofore described. The demonstra- 

tion single-family residence i not the development of a 

standardized house, but rather the presentation of planning 

and assembly procedures which may be applied to the design 

arid construction of most dwellings. Several different 

processes have been incorporated into one demonstration 

structure for the purpose of exemplifying the versatility 

of such methods. Parts of the plan are modular, while 

others are not. This is done to show the advantages of 

using stock materials as compared to the added effort and 

expense involved when non-modular measurements are used. 

FLOOR FRAMING (see sheet 4 of 7) (Page 57). The floor 

framing plan demonstrates two completely different concept8 

in floor framing: joist construction and 2 : 4 : 1. Both 

may be generally considered as platform construction in 

that the subfloor extends to the building line (see sec- 

tions "A" and RB", page 57), but the principle of design 

and method of construction are entirely different. 



1 Jol8t construction. Two-by-ten floor Joists, 

psced i6 inches on cenìter, starting from the 

Southwest corner, constitute the supporting mem- 

bers for the floor. These Joists rest upon the 

sill plate on the outer edge of the building and 

are supported by a 6 X 8 girder through the 

center. Two rows of 2 X ¿t blocking arid one row 

of 2 X 10 solid bridging, which also serves as 

blocking, furnish the necessary edge support for 

the plywood flooring. The length of the floor 

Joists constitutes a non-modular distance; that 

is, the fourth row of ¿t-foot wide plywood floor 

panels will require cutting. 

2. 2 : 
¿4 

3. construction. This is used for the re- 

maining part of the floor framing. This type of 

construction utilIzes i-1/8 inch thick plywood 

panels which are intended as a combination sub- 

floor and underlayrnent. The panels are installed 

BO that the face grain is at right angles to the 

main structura]. beams, which in this case are sur- 
faced, construction-grade ¿4. X 10's. Edge blocking 

is provided between the beams at ¿4-foot intervals, 

forming a grid support for the panels, but this 

could be omitted if tongue-and-groove panels were 
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used. Consider the unit savthgs of time and labor 

that may be realized through this construction as 

compared to the joist type. 

WALL FRAMING. Each wall is framed differently in thia 

demonstration model, allowing three separate concepts of 

framing and one variation to be employed. Only two kinds 

of windows are used, but the framing involved in their use 

Is representative of the aluminum and wood windows common- 

ly associated with residential construction. 

1. Pre-assembled panels. The East wall makes use of 

pre-assembled wall panels with rough openings 

suitable for receiving complete aluminum window 

units. These panels are composed of a stud-wall 

framework covered with 8heathing. Some kinds of 

finish siding may also be applied to the outside, 

if desired. The basic panels are k feet wide by 

a feet high; however, when this system i used 

throughout a project, standard components of 

2-foot-wide increments are commonplace. The edges 

of adjacent panels are secured by allowing the 

sheathing to extend half the thickness of' the 

adjoining 2 X 4 stud, thus forming a lap joint. 

The top of the wall is aligned by means of a 

double 2 X 6 continuous header, which also 



eliminates the necessity of' individual headers 

over the window openings. Generally, the panels 

are assembled in a Jig, either on the Job-site 

or at a central fabricating shop. The8e units 

may be erected singly or secured together on the 

deck and raised as a tip-up wall. 

2. Studding, i6 inches on center. The South-wall 

framing utilizes conventional studding spaced 16 

inches on center. The window openings are not 

framed in the manner usually found in this type 

of construction, the reason being that a stock 

size structural window unit is used (see Figure 

9). The trimmers, headers and cri.pple8, together 

with the Jambs and sash, come from the mi].lwork 

factory as a complete pre-assembled unit, ready 

for irl8tallation. Personal preference determines 

whether the units are installed in the openings 

before or after the wall section is raised into 

position. The 4 X 8 header beam and 2 X k roof- 

slope wedge on top of the double plate are in- 

cluded for the purpose of adjusting the difference 

in thickness of the two types of roofs used; thus 

the actual roof plane is the same throughout the 

length of the building. 
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3. Post and beam construction. The West-wall framing 

incorporates the use of a post-and-beam type of 

construction. The 2 X 4 nailing headers provided 

between the posts and around the window openings 

are so placed as to provide a means of ecuri.ng 

the window units, sheathing and interior wall 

covering. The 4 X 4 posts constitute the taain 

structural skeleton of the wall and are thus re- 

sponsible for resisting normal applied loads. The 

two center posts are extended to sustain the 

longitudinal roof beams, which in this case are 

plywood of the 6 

header beams on top of the posts is to support the 

West ends of the ceiling joists, the other ends 

of which rest upon a central-bearing partition. 

k, Studding, 24 inches on center. The North-wall 

framing illustrates the use of studding placed 

2k inches on center, with a single top plate and 

a double 2 X 6 contInuous header. These horizon- 

tal members are for the purpose of wall alignment 

and load support over the spari of the openings. 

Structural window units are used again, similar 

to those described under section 2 of wall fram- 

Ing. Two lengths of studding are used to comperi- 

sate for the difference in thickness of the two 
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roof sections. 

ROOF FRAMING. Two separate principles are advanced in this 

plan--trusses and roof panela. Both may readily be adapted 

to component construction, wherein they are fabricated as 

sub-assemblies either on or away from the job-site, and in- 

stalled as units. 

1. King-post truss. The East portion of the roof 

demonstrates the use of king-post trusses. The 

top cords support the roof sheathing, and the 

bottom cords form the ceiling joists, providing 

a clear span of 28 feet. Surfaced, construction- 

grade lumber is used in these units; both the top 

and bottom cords consist of 2 X 6's, and the posts 

are 2 X .'s. Connections are secured by means of 

one-half inch nailed-glued gusset plates applIed 

to each side of the Joint (see sheet 5 of 7). 

2. Stressed-skin panels. The West portion of the 

roof utilizes stressed-skin panels which combine 

the functions of roof deck and finished ceiling 

in one component. These panels are 4 feet by 16 

feet, supported at one end. by the wall and near 

the quarter point of the span by a plywood box 

beam (see sheet 6 of 7 and 7 of 7). The exposed 

bottom faces of these panels form a finished 

ceiling for the study-bedroom combination. 
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CHAPTER VII 

RECAPITULATION, CONCLUSIONS AND RECOMMENDATIONS 

Qualifications 

1. Characterization of Precepts. The material pre- 

sented in thi8 study i8 primarily based upon 

principles advanced by the references stated, 

together with common practices normally found in 

field applications of residential construction. 

2. Reference Trends. Man..y documented studies have 

been made concerning the nature, strength and 

characteristics of materials, but an actual corn- 

parative analysis of their application is not 

generally available. An exception to this is 

"thesis reference number 12", which is discussed 

under "Conc1usions' in this chapter. 

Summation 2! Principles. This summation restate8 briefly 

the general divisions of the thesis, followed by 8ome 

suggested avenues of thought concerning the execution of 

the responsibilities connected with these divisions. Moat 

of' the recommendations are stated in a positive manner for 

the convenience of expression. It is not to be inferred 

that other -equally successful approaches could not be em- 

ployed. 
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1. De81r1 arid Economic Con2i.cleratlons. Design should 

not be reiriented to the point of' tanation. 
Freedom of design will likely produce both good 

and poor artifacts; however, only through free ex- 

pression can progreesive resulte be achieved. The 

realization of the fruits of better design will 

materialize through the understanding of basic 

objectives by the whole construction industry. 

Although people live in the same relative habitat 

they act as individuals, and as such, require 

separate personal consideration; therefore, the 

attributes of functional design should not be 

overlooked. 

Economically we are living in an inflationary 

period compared to a decade or more past; older 

buildings are selling for much more than their 

original cost, land that was priced at a few hun-. 

dred dollars per acre in l911O is now worth several 

thousand dollars per lot. Cost of both building 

materials and labor have doubled, in some cases 

tripled, during the pest twenty years. These 

conditions are mentioned to emphasize the need for 

more efficient construction operation. Efficiency 

has always been generally considered an asset, but 
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today without Lt any operation becomes a liabil- 

i ty. 

2. ÇperatiorAal Analysiu. Success of a project de- 

pends upon conto11ed operations, applied during 

the planning as well as the construction stagea. 

Dividing a project into progressive components 

prov.des an efficient means of procuring maten- 

als, planning operations and organizing production 

schedules. Deviations are readily detectable and 

cari be compared on an objective basis. Cutting 

and order schedules, cost-analysis records, and 

work-progress report8, based upon the same compo- 

nent divisions, work together as expedient corn- 

panions to form the basis for efficient project 

control. 

3. Wood as a Building Material. The structure and 

chemical composition of wood account for the corn- 

bination of properties that makes it desirable 

as a building material. 

Lumber is broadly defined as the product of 

the saw arid planing mill, not further manufactured 

than by sawing, resawing, and passing through a 

standard planing machine, crosscut to length, and 

matched (ref. 15, p. 29). 
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Procurement and use of lumber necessarily 

requires a knowledge of' its classification, which 

is based upon size, extent of manufacturing, ana 

intended use. 

Designating the quality of lumber Is accom- 

plished. by a "grading system,t' generally dependent 

upon the intended use, considering both strength 

and appearance. 

Although ';ood i now the predominant material 

used in house construction, the day may not be far 

off when other nateriala will replace some of its 

functions. This trend has already begun, as wit- 

nessed by the following current examples: poly- 

styrene foam-core floor slabs, honeycomb or paper- 

core panels, and precast concrete slabs and roof 

arches. A receptive attitude toward new materials 

is desirable, and rejections should be based upon 

other than pre-established habits. 

k. Fabrication and Assembly Procedures. Suggesting 

that one structural system is superior to another 

is of little value unleB8 substantiating circum- 

stances are considered. Structural methods are 

related very closely to design. Basically, the 

home should serve the needs of its occupants. 
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ThIs, together with the aesthetic qualities, usu- 

ally conditions the space or mass that must be 

consIdered in the structural design. Therefore, 

the various structural systems heretofore present- 

ed should be applied to a specific situation, if 

the full value of their usefulness is to be 

realized. 

The method used in assembly and erection of 

any framing system will, to a large extent, de- 

termine the efficiency of the system. Although 

fabrication procedures vary with the different 

systems, the following general conclusions may be 

applied to any framing system: 

A. Work that is accomplished on the ground 

rather than in the air will re8ult in a 

more efficient op1ation. 

B. Where complex assemblies are required, 

extra care in pattern layout and the use 

of jigs will result in less trouble due 

to errors and misfits, and will pay for 

itself in more speedy assembly and 

erection. 

C. Complete working drawings are essential 

to economy in framing. 
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D. Every effort should be made to take ad- 

vantage of the savings realized through 

the use of power equipment (ref. 1k, p. 

19). 

Assembly procedures should be flexible to the 

point of allowing temporary and permanent altera- 

tions to be readily employed. Justification for 

such changes may be based upon experimentation, 

specific job peculiarities and comparable cost 

recorde. 

5. Instructional Applications of Framing Systems. 

The working drawings heretofore presented are in- 

tended to offer a means of systematically pre- 

senting a representative sample of structural 

details and assembly methods meeting the require- 

ments of present-day production methods. The 

laboratory work for which these drawings are pro- 

posed should involve the construction of' a scale 

model as well as the study of each component. 

Additional units such as the trusses, stressed- 

skin panels, and plywood box beams may be assem- 

bled for the purpose of destructive testing; thu8 

the results of applied forces could be ob8erved. 

The use of auch a model subjects the student to 

the following learning situations: 
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A. Compiling a bi].l of material 

B. Planning a cutting and order schedule 

C. Organizing operational procedures 

D. Understanding the principles of layout 

E. Cutting and assembly methods 

F. Association of various elements 

G. Relationship of componente 

H. Continuity of expression derived from the 
complete sequence of operations 

Conclusions 

1. Research 

Basic research in construction materials and 

fabrication procedures is essential. Some pri- 

vately owned companiea and government agencieB are 

contributing to this, but much more work must be 

done, particularly in comparative experimental 

research. Few organized studies have been made in 

this area, resulting in the near absence of 

authentic statistical material. 

One such study that does approach the problem 

18 the "Housing Research Paper No. 29," by the 

Housing and Home Finance Agency (ref. 12, p. 1- 

116). During the course of the research, two 

demonstration houses were designed by the Small 



Homes Council on th baßi$ of ari analysia of 

modern requireinenta and facilities available for 

convenient and comfortable family life and an 

analysia of new structural details and assembly 

methods which have been developed to meet the 

requirements of modern production methods. The 

primary purpose of the project was to make avail- 

able in useful form for the smaller builders a 

description of the newer methods, together with 

step-by-step procedures for accomplishing them, 

and actual job records of materials and labor re- 

quirements. The report concludes that the follow- 

ing conditions are economically desirable: 

A. Complete working drawings 

B. Precutting materials whenever feasible 

C. Use of jigs in assembly operations 

D. Use of tip-up wall assembly methods 

E. Use of trusses for roof framing 

F. Use of power equipment whenever possible 

This is an example of the type of research 

that would be useful as instructional material; 

however, it 18 only one study and necessarily 

limited in scope by the design and size of the 

building. Similar studie8 of other building 



designs incorporating different construction pro- 

cedures, materials arid problems would be a desir- 

able addition. 

The lack of such research is primarily due 

to the high expenditure involved; therefore, lt 

is doubtful that a broad coverage will result from 

this approach. 

Normally, changes in fabrication procedures 

are concurrent with the development of new maten- 

als and desigriB; thus the individual contractor 

necessarily assumes a certain calculated risk in 

adapting his operations to fit specific situa- 

tions. Various trade journals and periodicals 

publish articles about new processes and nisten- 

als, some to the extent of describing a particular 

contractor's operations, but they normally fail to 

make a comparative analysis. 

2. Instructional References 

Due to the absence of a single text that 

would include the material suggested in this 

study, the following references are offered as 

suggested reading assignments to accompany the 

instructional applications of Chapter VI: 
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A. Related Information 

a. Design Analysis: 

(i) A Demonstration of New Techniques for 
Low-Cost Small Home Construction. 
Pages 1, 83-91 (ref. no. 12). 

(2) Design For Livability. Pages l-10 
(ref. no. 13). 

(3) 14th Annual Short Course in Residen- 
tial Construction. Pages 39-41, 
42-49 (ref. no. 6). 

b. Fabrication Development and Organization: 

(i) Material and Labor Analysis House 
Framing Systems. Pages l-6 (ref. no. 
14). 

(2) Modular Coordination. Pages 1-20 
(ref. no. 16). 

c. Operational Analysis: 

(1) A Demonstration of New Techniques For 
Low-Cost Small Home Construction. 
Pages 4-6, 112-116 (ref. no. 12). 

(2) Record Keeping for the Small Home 
Builder. Pages 1-27, 43-48 (ref. no. 
18). 

d. Wood as a Building Material: 

(i) Manual ori Wood Construction for Pre- 
fabricated Houses. Pages 4-8, 15-35 
( ref. no. 15). 

(2) Wood Structural Design Data. Pages 
20-21 (reÍ'. no. 5). 

(3) Standard Gradins and Dressing Rules, 
No. 15. Pages 8-15, 40-68 (ref. no. 
19). 
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B. Ir8tructiona1 Information: 

a. Description of Fabrication and As3embly: 

( 
i) Wood-Frame House Construction. 

Pages 1-56 (ref. rio. io). 

(2) The 2 : 4 : i Plywood Floor Sy8tem. 
Pages 1-17 (ref. no. 2). 

(3) A Demonstration of New Techniqueo 
for Low-Coat Small Home Conatruction. 
Pages 9-31, 92-95 (ref. no. 12). 

( 
L) Manual on Wood Construction for Px'e- 

fabricated Houoe&. Pages 187-211 

( ref. no. :1.5). 

(5) Plywood Beam Design Factors. Pages 
1-12 (ref. no. 3). 

(6) ìl4th Annual Short Course in hesiden- 
tial Construction. Pagea 55-57 
(ref. no. 6). 

(7) Simplified Roof Framing. Pages 1-71 
(ref. no. 20). 

(8) 14th Annua). Short Course in Residen- 
tial Construction. Pages 1-13 (ref. 
¡'o. 6). 

(9) Light Wood Trusses. Pages 1-14 (ref. 
no. o). 

(10) Architectural Record. Volume 116, 
pages 225-229 (ref. nc. i). 

Future Goals 

This thesis is limited to a small portion of construc- 

tion technology, but the research has led to the belief 

that construction industry representatives could contribute 

much by suggesting desirable objectives from which to 
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purpose specific courses in a Construction Technology 

curriculum. It would also be desirable to obtain actual 

production records of various fbr1cation processes and 

techniques from which comparative studies could be made. 

Such a channel of communication has been established 

through recent negotiations with the Associated General 

Contractors of America, Incorporated, Portland Chapter, 

Building Division. This organization represents the major- 

ity of contractors within the geographical area of the 

State of Oregon. These negotiations have resulted in the 

appointment of an education committee by the A. G. C. for 

the purpose of working with institutional representatives 

in the development of an appropriate curriculum. The 

ultimate outcome of this venture will require time for 

proper development., and will encompass much more than the 

scope of this thesis; the organization and results cannot 

be included here. One major purpose here is to illustrate 

the desirability that contractors in industry work jointly 

with institutions in the development of a suitable educa- 

tion procedure. 

Modern industrial development has created a demand for 

properly trained technicians. Personnel for these posi- 

tions can be adequately prepared in colleges and universi- 

ties willing to develop and improve technology programs. 
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Successful applications will result in creditable radu- 

ates who cari be of real service to the light-construction 

industry, to clients, and to the general public as future 

leaders in the constructioLl of horncs properly tailored to 

the needs of modern fari1y living 8nd yet produced in full 

accord with both quality and reasonable cost. It is in- 

tended that this study po.rit up the problems and that the 

next step, already unthr way at Oregon State College, lead 

to a curriculum development suitable alike to industry 

requirements for the train1n of future supervisory 

personnel and college requirements for professional train- 

ing in a degree program for building construction. 
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