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PREFACE

Progress and change mean deviation from accepted
practices, not only in the thing produced, but in
1ts method of production as well.

In the development of the various components em-
ployed in this low-cost housing research a purpose
end theory were permitted to develop which, while
formative, were sufficient to unite the engineers,
designers and craftsmen on the basls of common
interest in the best use of the mediums employed.
In practice, the results of this method have af-
fected not only initial design and engineering, but
over-all planning as well.

Obviously the delegation of responsibility for
housing research inevitably means delegation of
responsibility for architectural as well as for
structural quality., It i8 further recognized that
if the structural components result in adequate,
economical snd essily erected living units, the
medium of architecture can develop the artistic
qualities which might be desired in the appearance
of the structure. If, however, economical structu-
ral values are subordinated to architectural pat-
tern end picture, then we cannot consider the
approach to the solution of the problem as being
practical.,

This report deals entirely with the results deter-
mined from research experimentation with the struc-
tural componments, It is recognized that architectu-
ral refinement would, of necessity, need to be
incorporated into the final usage of the various
oractices discussed herein,

It is felt an intelligent ap roach to the finsl
product of the housing unit will result in satis-
faction to the owners and, occupants and profit to
those involved within the industry. The limits of
this enormously creative medium of research are
not even in sight. ‘ '
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 FOUNDATIONS
PROCEDURE

Average residentlal construction offers very light loads. In the past,
standerds were developed and introduced into bullding codes which pro-
vided a substantial factor of safety in order to make certain that
resulting foundations would be sufficiently heavy tp carry any

structural load. Foundation unlt costs have elways been among the
highest in a structure. These frequently affected the totel price to

the polnt where a sacrifice was made in the living part of the structure
in order that the owner might be able to pay the high price of the founde-
tion required. Where foundations were carried below frost line with the
necessary over-cut in excavation to allow for footing and forms or to per-
mit working space for the laylng of masonry umits, very little additional
money was required to provide an entire besement excavation. The elimi-
nation of these costly factors needed to be considered in the initial
analysis contributing to speedy low-cost temporary housing.

Foundations were considered as falling into these general classifications:
beams supported by pilers; floating-type beam, having the characteristics
of a footing; a floating concrete slab; a soll stabilized slab.

The Portland Cement Association, in thelr comcrete informatlon bulletins,
have thoroughly covered the problem of light wall and slab comstruction,
It was not believed necessary to go into a great deal of study regard-
ing mixes, water-cement ratios and other established practices which,
through the research of the Portland Cement Association, have become
recognized standards.

In all of these studies, reinforcihg we.s considered as unavallable and
masa concrete would of necessity need to off-set reinforcing values. Of
course, mass cannot entirely off-set the absence of reinforcing.

However, on the theory research must be conducted to arrive at results
employing a minimum amount of labor and materials, the engineer for the
foundations was called upon to prepare calculations based upon the
actual bearing properties of the soll and strength of the concrete,
disregarding some of these astandaerd practices. Incorporated herewith
are these baslc calculstions which are interesting in that they dlsclose
an exceasive amount of concrete being used so far as engineering data
are concerned. It becomes very apparent that some of these components
constructed on the basls of such calculations would become too small in
section to offer adequate supporting area, and that other elements such
es handling and pouring would affect the ultimate strength of the compo-
nent should these minimum dimensions be employed,

IEST 4146

For example, in the study of foundations for Unit B-13 it becomes very
apparent the actual cross section required in a pier would result in
such a small component it would be difficult to form and pour. Equally



80, the footing required, 144 sq. in., would be most impractical in view ,

of the fact these plers are of the precast type and the footings are
poured around a pler after its placement within the hole, The post hole
digger normally employed for the placement of elther the precast or site
poured pler would not permit the digging of a hole small enough to pro-
vide & pler of adequate strength for the loads imposed upon it,

TEST #147

In the employment of the monolithic plers and beam the space between the
plers was excavated to a depth 6" greater than that required for the
actusl concrete of the beam. After the forms were constructed, this
overcut of 6" received cinders, shaped up to produce the bottom of the
beam and the pler brackets. Cinders wers covered with a watertight
paper to prevent water from the concrete dissipating into the cinders

at the time of pour.

IEST 148

Probably the most interesting of these foundations is that im which the
floating type beam is employed. Observation of highway slebs, garage
footings and floors, and light-weight concrete construction employed in

small agricultural structures lead to the bellef that if the body of the
glab could be cushioned against frost action, then the walls carrying
the peripheral loads could also be cushioned in a similer masmnmer. This
amounted to the construction of a monolithic footing et a surface rather
than & sub-grads. Such a footing would need to be poured on & cushion-
ing materdal. The Portland Cememt Assoclation had employed sand. It
appeared cinders would do the job as well.

As the enclosed calculations indicate, this concrete footing was formed
over a cinder bed which extended 6" beyond the 1limits of the footing in
all directions. That is, the excavation was carrled 6" deeper and 127
wider than required for the actual concrete. This trench was then
filled tco the height of 6" with cinders, forms were constructed and the
pour made. Upon removal of the forms, cinders were employed for back
f11l. The success of this type of beam lies in pouring it so that no
work lines occur and in designing the utilities so that no sleeves or
pipes pass through the concrete.

While it is not the practice to discuss methods in this report, it be-
comes apparent that the concrete must be segregated from the clnders
at the time of pour. Either roll roofing, asphalt-impregnated pavers
or 30-pound slaterts felt may be employed at the bottom of the beam,
turned up slightly onto the forms to prevent the disaipation of the
water from the concrete into the cinders. -

N



TEST #149

The floating slab constituted a light concrete floor extended in width
and depth around the perimeter to produce a footing offering cross
section area sufficient to resist the loads to be imposed upon it.

This combined into a light weight monolithic slab the footings and slab
normally segregated as two separate componenta. The particular materisl
employed for this teat was vermiculite concrete in which vermiculite
aggregate and admix were combined with Portlend Cement and a carefully
calculated ratio of water to develop what the Vermicullte Institute
represents as being & concrete of high insulating velue. The soil be-
neath this slab was ahaped “exactly to the contour of the ooncrets,
there beilng no cushion material introduced. However, two layers of
waterproofed fabric were laid over the entire surface receiving con-
crete and cerried up in to the forms along the perimeter of the excave-
tion. As the Vermiculite Research Institute has gone into very ocareful
detall as to the characteristics of their material, these will not be
reviewed,

1EST £15Q

Since slabs were to be considered for quick wartime housing end the
Federal Public Housing Authority was recognizing the type of conerecte
identified as "porous" (Division T-3, Masonry and Conerste, Section
4,1(a)0, it appeared some consideration should be given to & slab based
upon soil stabilization practices. In following out this undertaking
the work was based upon the recommendations of the Portland Cement
Agaociation in their construction handbook for soil-cement roads. The
cross section of the slab was the same as that employed for the vermicu-
1lite slab., The work was done by hand, the soil at the site being dug
up to the required depths, carefully pulverized, reked through so that
the resultant aggregate was of uniform proportion. Cement, using a
ration of 10% by volume, was introduced, worked into the soil, then the
entire mags thoroughly wetted down with the stipulated amount of water
and finally levelled off to the limits of the forms,

This briefly is the procedure followed in & limited soll stabilisation
area. In both the vermiculite and the soil-cement slabs the surfaces
were roughened and, immedlately following initial set, a one-half inch
topping applied.




FOUNDATION
UNIT B-13  IEST #146

- SUBJECT¢

Foundations employing concrete piers 63" x 74" spaced 8' on center, end
composite wooden girder bemms. Three 2" x 10" glued and nailed to form
one beam 4-7/8" x 940,
PEOCFDURES

esic Assumptions;

Weight of structure 17,875#
Weight of foundations 7,767

Total 25,6428
10 piers in front and back walls (5 in each)
4 piers in end wells (2 in each)

Footings below piers - 8" x 12" x 12"

Calculations
Area of pier = 7.5 x 6,5 = 48.75 8q. in,
Area of footing = 12" x 12" = 144 sq. in.

Assuming end plers to support a negligible part of total, an
assumption substantiated by final deflection reedings:

Load per pier = —¥4§£§ = ~§%ﬁ£
er

Footings 144 sq. in.

»»»»»

f
Ye get %g‘%% which is allowable.

- Ground is good for 4000 #/sq.ft.
Piers were precast and footings were used to prevent settling, inas-
much as exact depthe of excavation for precast piers are not practi-
cable.

Load in pier:

_2564 - in,
B TE 52.5 #/8q.4in

This is far below allowable; however, Smaller piers are subject to
breakage in handling.



Unit stress in wooden beams

Bending moment (# in.)

mz_%zﬂ@%lﬁﬁ: 96,000 # in.

3]

M

S Z Unit compressive stress (#/sq.in.)
¢ = Distance from neutral axis to outer fibers (inches).
I = Moment of inertia (in,)4
= ? b = Widkh of beam
) h = Depth of beam.

' 3
3(1.625) x (9.5
I= 1¢ {2 (2.5) =~ 749

Mo _ 96,000 x 4,75
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FOUNDATION
UNIT B-15  TEST #147

SUBJECT:

Foundations employing beam end pier construction. Monolithic.
piers placed 48" on center. No reinforcing steel permitted.

PROCEDURES
Basic Assumptiong:
Weight of structure 15,500
Feight of foundations 12,870

Total 28,070
18 piers total (9 in each well)
No footings employed.
Agsume cross section of beam 12%" x 12"
Calculationg:
Area of piers -~ .708 sq. ft.

101 sg. in.

.?,ﬁ.,___lg'fo = 1560 #/pier

%% - 2210 #/sq. ft. on soil

Soil encountered: 4000 #/8q.<t.

%g%g = 15.5 #/8q.in. compressive stress in piers.

Moment of inertia of beams (in)%

Moment (# in.)

Unit Stress #/6q.in.

Distance from outer material to neutral axis

z 4
12 - (2) - j9p8 4n 4

0
u 4 n

12 12 -
M= gL Fhere P = Load of one truss wall ?ecf,etc.
» P = 2000 #

8" diameter

10



_ 2000 x 4 x 12
L 8

© =12,000 # in.

Me L 12,000 x 8
8 =71 == vog  * 41.7 #/sq.in.
Concrete has an allowable stress in tension equal to 40 - 50 #/sq.in.
Therefore, the asgumed beam is sufficient cross section to carry the load

imposed.

-
S
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FOUNDATION
UNIT B-24  IEST #148

SUBJECT:

Monolithic concrete - no

reinforcing steel sllowed. No piers. Flosting

-type, to be cerried on a cushion of sand or cinders.

PROCEDURE

Bagic Assumptions
Weight of structure

Weight of foundation

.....

- 51,910 - 00Q
- 14,136 - 420

Total 46,046 - 420 = 45,626

Assume cposs section of beam to be 8" deep x 12" wide

Calcpletions

Cross section arsa 8 x 12 ® 96 sq. in.

4 Shear area
Shear area

9.26 x 12 = 111 sq. in.
222 aq. if.

Concrete 18 assumed to shear along surfaces 60° to horizontal.

Each truss carries the following:

Dead load 1830#
Live and snow load 2700
45804 Or 2265# per truss end,

2265 .
222 i 10.2 #/Sq. in'

Ultimate strength of concrete - 2000 #/sq. in.

Allowable shear = 2% of ultimate

S. T .02 x 2000 = 40#/sq. in.

Allows a factor of safety (F.S.) of 4 in this respect.

11.75 x 12 = 141 sq. in.

2265
141
144

=. 2320 #/8q. ft. bearing on earth.



At point where truss bears on concrete wall

Area in contact = 2-7/18 x 12 = 29.2 8q. in.

|

S 77.6,#/sq. in,

ti

Allowsable compress‘ive 40% of ultimate

8, 3 .4 x 2000 = 800 #/sq.in.

c

Allowed factor of safety (f.S.) here is about 10.

= GONCRETE BEAM

P
&

, 3;,

Alloweble for clay 4000 #/ft. Allows a factor of safety of 1.7,

~~—= CINDER FILL

limits of | excavation —



SUMMARY

The use of the precast concrete pler seemed impractical for small work.
The weight of the pier made its handling difficult, holding it to the
desired grade as well as the necessity of retaining it in e plumb posi-
tionduring pouring seemed to offset any savings which might have re-
-8ulted from eliminating forms for small piers. Such forms do carry a
high unit cost, but where mass construction is being undertaken 1light
demountable pler forms usually are employed, frequently of metal when
such is avallable. Reuse of these forms lowers the basic form cost.

The pouring of plers and beam offers some merit. It 1s a quick mgthod
by which the post hole provides the form for the pler and a limited
amount of form work is necessary to create the beam. This construction
would be greatly benefitted by a modest amount of reinforecing, an item
which was not permitted ia our study of these foundations. In all of
these low-cost components it was necessary to hold the tops of the
beems ressonably true and to introduce any bolts or straps immediately
following the pour. No shims were permitted under truases.

The continuous bsam cushioned on cinders was carefully studied during
all phases of construction. As the deflection readings for B-24 shown
in Section 5 will indicate, there was some settlement on this beam
when the load of the walls was applied., Indications are that this
settlement was uniform throughout one 3240" length of wall. From a
careful analysis of all the factors involved it is believed this dis-
plagement resulted from permitting & work lime to occur at the
northwest corner of the foundation at the time pour was made. This
work 1ine did not become immediately apparent and it was not until
displacement was observed and the cinders were dug away from the
beam at this corner that it was noticed the bond was not all that it
might be., This displacement was not radical but was. gufficient to
justify the importance of the requirement thet the beam be monolithic
and that no work lines or disrupting of the mass be permitted in this
type of foundation., ~ A

Both the conerete and the soil stabilized slabs seemed to offer a
quick solution for floors for temporary housing. The vermiculite
slab offered a very quick floor. In the employment of these slabs
care must be taken to carefully tamp the back-fill into the irenches
bringing in the utilities and sewer. The observation ls made again
that even a limited amount of reinforcing in these slab footings
would be of definite benefit,

This report deals only with the structural factors involved, Floor
temperatures, air circulation, ete., will not be discussed.

In the soll stabilization slsb the limited amount of excess dirt re-
sulting from the back filling of ‘the trenches caused some umhecessary
handling of soil as an effort wags made to work this into the soll to



be employed in stabilization. Where manual labor 48 to be employed in
preparlng such a slab 4t 18 beileved advisable to remove surplus soil
along with sod, roots or any deleterlous material, bringing the ares
to a rough grade before underteking the actusl preparation of the soil.
The working of the soil to 2 depth of six inches offered no serious
eroblem, but it was found necessary to dig out to & depth of 6" and
about 18" from the perimeter in order to process the lower half of
that part of the slab which constituted the footing. This operation
might have been simplified if the perephlal area and then the slab
area had been treated.

As a final solution employing a slab for temporary types of housing it
would be well to consider carrying the slab 6" or 8" beyond the limits
of the walls, tapering this projecting pert of the slab away from the
structure. This would offer a certain amount of protection for the
wall.

s

It is recognized work must of necessity proceed as quickly as possible

© . over, foundations. As long as ordinary precautions are observed there

18 no need to delay the employment of these units more than onse day
efter their initisl pour.

All foundations of the type described within this report have bheen in
place since the Summer and Fall of 1943, All have been subjected to
temperatures as low as Q°F, Readings taken at outside temperatures
of+ 40°F, followsd by readings taken at a temperature of approximstely
+15°F, and finally those taken at+50°F., indicate no serious displace-
ment in any of these foundations.

One observation that has been made in connection with the continuous
beam foundation i1s the inability to excavate within the limits of the
foundation to a depth greater than two or three inches below the top

of the concrete due to the necessity of retalning the inside cinder

f111 in position. The removal of too much soil from beneath structures
employing the concrete beam and pler comstruction would permit the back-
£411 around the exterior to wash under the beeams, causing water to stand
and ultimately carrying im enough soil that the effectiveness of the
excavation would be losat,
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D,
METHO QF TEST

Two trusses are constructed in accordance with the enginesr's sketches.
The #1 yellow pine is culled out to provide the best pieces for the long
flenge members., The remaining material is cut up for the diagonals and
other small components. Those pleces which too closely approach #2 grade
are not employed, In addition to the members called for in the initial
destgmn, frequently & 1" x 4" 1s gecured flatwise to the lower flanges or
chords for the purpose of carrying the %“ gypsum plenum members or ceiling.
These units are assembled in a jig on a shop table.

Floor truss assembly provided one horizontal upper and lower memier be put
in place on jig. These receive glue where the web diagonels are to nake
contact, The web diagonals are put into position, and glue is applied &t

- their enda where the second 1" x 4" flange members are to engage. All com-
ponents &re nailed with 10d box nails, thero being no fewer than four at
each point of contact.

As thls report deals with the engineering factors of the truss rather than
the manufacturing problems involved, the details and time studies in con-
nection with the actual assembly of the truss do not receive any comment.

The truss is permitted to set for a period of not less than eight hours.
Two identical units ars placed on solid bearings eimulating foundation
contact points, are spaced 24" on center from each other, and their ends
plumbed and secured with plywood or gypsum simulating the wall construction
which will be adjacent to the trusses in their actual use within a struc-
ture. A yellow plne board decking 48" wide 1s laid along the trusses so
that there is a projection of 12" beyond the center line of each of the
trusses, and this decking is carried full length. The structure resulting
from this assembly is then checked by inatrument in order to determine its
being level. Reading points are established at the center of and at dis-
tances equal to one fourth of the gpan to the right and left of the center
and on the lower flange of the floor truss or lower chord of the roof truss.
Check readings are made on these lower chords to determine any action which
might have resulted from the application of the decking. Such initial dis-
placement, 1if apparent, is recorded. ‘

Loads are applied by using one foot square concrete blocks of known weights,
the loading being by the checkerboard method. An initlal set of blocks is
laid down the center of the deck with the first and last blocks at the 1limit
of the deck and with intermediate blocks spaced ome foot apart. Initial
deflection and weight readings are made and recorded. Additional blocks are
then laid so that they occur opposite and altermate to the open aspaces of
the first row of blocks, and, upon their placement, readings of weights and
deflections are made and recorded. The remaining opposite, alternate spaces
adjacent to the open spaces of the first row receive blocks. The third set
of readings and recordings is made., This pattern is followed until either
exceseive deflection, actual fallure, or satisfactory losding has been se-
complished,
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DEFLECTION TESTS
FLOOR TRUSSES

1. SOLID~WEB FLOOR TRUSSES

In the initiel studies on floor trusses first consideration was given to

" solid web trusses employing 1" x 4" yellow pine flanges, the Douglae Fir
Plywood Association Engineer!'s Handbook, Section VII, offering a graphicsal
solution for the form factor of "I" and box beams with plywood webs,

On the basis of this method, a truss was computed (Calculation A). The
application of this form factor formula indicated the 2" plywood web truss
15" deep and 240" long, employing two 1" x 4" yellow pine flanges, was
not sufficiently strong to receive the imposition of a 100# to the square
foot design load over a span of 24!,

Calculation B employing g more orthodox formula resulted tn an entirely
satisfactory value. It became apparent the only satisfactory way to deter=
mine what results might be obteined with light, deep, clear span floor
trusses would be to construct pairs of these trusses and actuslly load
them, carefully determining the loads and deflections as they occurred.

There was no data available on the characteristics of gypsum or asbestos
board when employed as a web member in a truss.

In order tovhave results which would contribute to comparative values,
three sets of trusses were constructed:

TEST 120 - Plywood web floor truss, 3" Lyuood.

ZEST #121 - Gypsum web floor truss, 3" gypsum board,-i.e., Oyplap.
TEST #122 - Asbestos board floor truss, asbestos board /18" thicka.

The construction of these trusses is indicated in their respective—daﬂlé‘p
tion test dravingc.

As deflection tests indicate, the solid web in combination with 1% x 4"
#1 yellow pine and 15" deep offered & solution of no particular value.
The units themselves becsme heavy end cumbersome.

Since the desirs was to obtain a comparative value in the three materidls,
no effort was made to glue any of the components. It is quite apperent

that gluing would be entirely possible in the case of plywood trusses, and
additional structural value would no doubt be obtained as a result of such

gluing .

l

11, OPEN~WEB FLOOR TRUSSES

After a study of these  three solid-web trussee and a review of other factors
influenced by their use, further development of this type truss was temporas-
i1y discontinued. The.engineers were instructed to develop a truss in which



the web would be more in the nature of a lattice through which pives might

pess

and air could be caused to circulate. The further restriction

placed upon design was that material would be limited to 1" stock, the
grade not to exceed that of #1 yellow pine. If this requirement was to be
met and the minimum emount of lumber employed, the first analysis indicated
diagonal members having some of the characteristics of the web would need
to be on the outside of the flange members.

Since the three previbus trusses had & depth of 15", this was cerried on

into

From
sign

the calculations for the open-web truss.
TEST #123

As the graph indicates, the first result with & truss employing diago-
nel members resulted in early failure, the truss losing its crown of
1" at a load only slightly greater than 1 kip. Continued loading was
carried on until a complete breakdown of the truss occurred. Fxamina-
tion of the components indicated the horizontal members had failed to
adequately support the loads imposed. The idea of diagonal components
glued and nailed into place seemed to have merit. Only one glued
Joint was torn from its horizontal member. This resulted more from
the blocks twisting it off when they became displaced upon the failure
of the truss, rather then from any inherent failure within the joint.
With this exception, the glued joints held up remarkably well.

Neiling had been driven from one side of the truss only. Those diago-
nal members which were on the far side of the nailing side of the truss
seemed to have received little benefit from the nails driven into them.
The excellent condition of the diagonal members substantiated the en-
gineer's asnalysis to the effect that the 1" x 4" 's were greater in
section than needed but should be employed in order to gain gluing =nd
nailing surface.

the information obtained in Test #123, calculations were made and a de-
identified as Test #125 was developed.

TEST 125
The éngineer reviewed all of the data resulting from the tests made on

the various 15" deep trusses and from this information went 1nto & more
carefully engineered and calculated component.

- TEST #124

At the time Test #125 was developed, test truss #174 was being designed
which would have a depth of only 12" tut with the same general chsaracter-
istics of test truss #125, This truss was to be supported on parallel
foundations which would be 48" in from each end of the truss. Fach

truss was to be capeble of supporting 800 pounds at each of its over-
hanging ends.

This truss was constructed in the manner shown, end its loading developed
very satlisfactory characteristics. The deflection tests teken in Unit
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B-15 after occupancy indicete the success of thie truss., Reference
sketch occompanying the deflection tests indlcates the position of the
supporting beams which constituted the foundation o these trusses and
provides identifying lines indicating locations along which deflection
readings were taken after this unit was occupied.

TEST #126

After the solid web (Test #120) had been employed, no other use of -ly-
wood was studled until Test #126€ wes undertaken. In the original ;lyweod
truss test it was recognized the absence of gluing in this initial test
hzd & material effect on the inability of the trusa to sustein the losds
imposed upon it. Without making any effort to calculate the values in
the components, a truss was developed which possessed the characteristics
of that of Test #123; that 1s, a 15" high truss with a single horizontal
top =nd bottom member and with disgonal members on the outside, both
glued and nailed. Failure of this truss in the early stages of loading
was anticipated, but the result being sought was & determinntion of the
varisbles which entered into the calculations in which plyrood would be
employed.

The disgonal members in particular were difficult of calculation due to
the direction of fibers within these members. The glued joint became

of empirical value, As the test indicates, failure occurred early with

& distortion rather than a breaking down of the truss, twisting in the
absence of bridging becoming so great it was impractical to attempt to
continue bresking down the member.

Fxamination of the structure indiceted the small diagonal members were
sufficient in cross gsectiom to perform the function of the web, but,
regardless of the size of these diagonals, a greater cross section wes
neceasary in the horizontel components. As previously observed, there
was no failure in the glued joint. 1In this truss, nailing had been
employed from both sides; consequently the nails were functioning in
the manner expected. . As a result of all of these floor truss tests,
the engineers developed a truss Test #127.

TEST 4127

This floor truss represented o design in which the depth continued to
be 15", the diagonal members 1® x 4%, calculated 45° from the vertical.
Flanges were 2" x 4". The web members were pleced on the ocutside of
the 2" x 4" g and secured in place by both gluing and neiling. The
truss was constructed with a 1" crown.

Deflection test on this component indicates the most satisfactory
solution obtalned from any o€ the floor truss tests.



REFLECIION 1LSTS
FL00R TRUSS, TEST 4120

Douglas Fir Plywood Association dethod
v e 13/16n
NJV t1 = Total width of web - 3"
tp = Total width of beum - 1-7/8n

b

, d = Depth of compression flange -
15 _J _in 3-5/8"

! h = Depth of beam

o

Nﬂ gm@"

== 1-7/8
t 2250 4. 3.6<5 .
E% Tieveg - +1553 DT 22 2415

Referring to: Graphical solution of U. 8. Forest Products Laborator;
formula for™oym factor at sroportionsl limit wood T
and box beams.®" Douglas Fir *lywood Association Engin-
eerfa Handbook, Section VII.

Fpl t (Form factor at prosortional 1imit)

Fq° 750

pl

2(.81285) (15 - 7.75) _ 2(.75)(15)° .
12 5(12)

293.5 + 140.6 = 534.1 in.?

Then, taking a 24' span (unifonnly loaded)

= m ~-~é— woere X = 12 ft,
1~ 24 ft,
RERSE 72 S
59,400 = WX - W x 24 x 12 x 12
) A 4
r o2 59,400 x4 68,754

24 x 12 x 1R Ft

This is not sufficient for the 100 #/ft. design load beln: empluyeii.

T



DEFLECTION TESTS
FLOOF TRUSS, TEST #120
CALCULATION B:

T N,l -5/
s b4 -4
o = bh” _ 1% (2.625)° _ 45
| (z Iy * 12 s X 12 - &
15m"- - —X, o o
! | Ty, = 2(Fx 1 Ad®)
|
. = 2(6.45 +190) = 794
; 13/16" Iy = & r 190)
R
d = 7.5 - 2,625
T 5.6875
g = %9' or assuming a value of S = 1600

w=ELs l§997£g§23 = 8%,500 # in.
C .

M= 83,500 = L&.&.ﬁ_l.a_Lla

W= 88,500 x 4 86,5 #
24 x 12 x 12 Lineal Ft.

Po approaches O at supprort

VIR -P, T 1200 - P,

V=1200#=P

P 1200 -
S =% T71s x o5 = 480 PSl, a safe factor.



DEFLECTION TEST TRUSS SUFPORTED AT EACH 317
FLOOE TRUSS, ToeT #4120 ‘ 8PAN, 24'0"
. . Col.
;“xfir> 2-1“x4“j> ‘ (:«lxé at plywood joint
- ‘ - — —1‘:\
o S i
! K\ l/ - . i"/
A% x 4 2-1%x4% . T *1/4" Plywood web,96% m't'1l. !
N ,

Based upon preceding caleulations covering this test.

APPLIED LOAD IN 2PCUNDS

1000 2000 3000

- N

+04

DEF1.-CTIONS
GIVEN IN 1COTHS OF

ppe 06 A\
.08 AN

°

«-deflectiion at c.l
,10 e \o I

.12 \

j disfortion

MAXIMUM DEFLECTION AT c. 1. FROM UNIFOR! LOAD OF 1490¢ - -
WEIGHT OF TRUSS UNIT -~ 1364
HATERIALS -

WE4OERS:  13/16™ x 3-5/8" #1 VELLOY PINE

TEB: 7 x 15" x 96" FIR "LY#uOD
HAILS: 10d BOX "
GLUE: PUENOLIC RUSIN

.118¢

73"
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DEFLECTION TEST TRUSS SUPPORTED AT EACH ZND,
FLOOR TRLSSZ, TeoT #1281  SPAN, 240t

. c.l.
l“x“ib 2-1“x4~“,«k\> /«'lxé at gypsum Jjoint
x<p | e e ! E") . F s
| —— /
) é:-l"xé—" 2-1%x4" ) W/O" gypsun web,96" m'ttl.,

.......

Based upon calculations made for Iloor Truss Test #120. Ko basis
for allowing values for web material.

APPLIED LOAD IN POUNDS

1000 2000 3000
.02 -
.04 \
DEFLECTIONS 081\,
GIVEN IN 100THS OF FT. \\
.08 |
| \ derlection at c.l.
.10 il B
Y
.12 \
\l a1stortilon
J14 il '
MAXTHUM DEFLECTION AT c. 1, FROM UNIFORM LOAD OF 980 - 13!
WEIGHT OF TRUSS UNIT - 1T

MATERTALS -
MEMBERS: 13/16" x 3-5/8" #1 YELLOW PINE
WEB: 4" x 15" x 96" GYPSUM
NAILS:  10d BOX

GLUE: PHENOLIC RESIN



i

- DEFLECTION T#S8T TRUSS SUPFORTED AT TACE END.
FLOCR TRUBS, ThsT #122 gPAN, 240" v

1" x4 % my 2—l"xémf> _—w1lx4 atasbestos Joint c.1.

e / 5

—
x4y [F7 o | e 7 e

. - ; =

T %A% P LT L —*3/16" Asbestos board, )

96" material.

Based upon calculations made for Floor Truss Test #120. [o basis for
ellowing values for web material. ' \

APPLIED LCAD IN POUNDS

1000 2000 3000

A

od \

DEFLECTIONS .06 \R;
GIVEN IN 100TES CF FT.

,08

\
%
\gk;;eflectimn at c.l.

o0

.12 2

% web shattered.
ﬁ/

o 14

MAXLiUd DEFLECTION AT c. 1. FPOM UNIFOR{ LOAD OF 1130# -  .118¢
WEIGHT OF TRUSS UNIT -  168#
MATERIALS -

MEMBERS: 13/16" x 3-5/87 #1 (ELLOW VINE

EB: 3/16" x 15" x 96" ASiLSTDS BOARD
NAILS:  10d LOX

GLUE: PHENOLIC RESIN



SPAL;, 240",

26

TRUSS SUPPORTED AT FACH ENRD.

1" % 653 #l y p. col.c }
1x4
\\ i \\// \\ 77 \\ 77 \\ 77
| A l" x 4" #1 YePe /’
| APPLIED LOAD IN POUNDS
0 1000 2000 3000
02 \\
004 O\
.06 Y
&= -08 \ dgfiection at c.l.
<] oS
= .10 -
S N
’?;C/) 012 - : v °\
CSEE \\\
CE)S 014: [~
2l \
%E 916 5 v
= \ :
2,18
~ 20 \
.22 \\
g
x failure
26
MAXIMUM DEFLICTION AT c.l. FROM UNIFORM LOAD OF 2486f -  .24!,
WEIGHT OF TRUSS UNIT - 1304 ' ‘ —~e o

MATERIALS:
TOP FLANGE: 1" x 6" #1 Yellow Pine
BOTTOM FLANGE: 1" x 4" #1 Yellow Pine
Diagonals apnd Fillers: 1" x 4" #1 Yelliow Pine

NAILS: 104 Box

GLUE: Phenolic Reain



DEFLECTION TESTS
OR TRUSS, T 24
CAICULATIONS:

E’-&«S-5/ 8 Ix = Moment of inertia of flange
Iy, = Moment of inertie of “ruass
b = Width of two 1" x 4"
Xo —— 12% h = Heigh§ of flange
3 5
- 13 (3.625)° _ .
x ___..{ '..— Ix 1 8 b4 12 0045
" Lot LY 2
13/16" |~ I = 2(6.45 155 x 5.625 x 4.1873) = 219
Maximum moment occurs where shear > O
800 &8CO
] o ;
rwgloﬂ,4qu; - o1evo? . - . ,ﬁ¢4sotiﬁ
|

Inasmuch as this truss carried & balanced load, the reactions are equal
and based upon the assumptions of 96 #/lineal foot, total load is vyl
to be:

2300# + 2(800) = 3900#
and Rl = RR = 1950# each
Maximun moment could cccur over supports or at cemier.

Trying the supports [irst

12 (800 » 4 + 4 x 96 x 2)

N

"
ai
fr18

14
4

12(3200 + 768) = (3968)12 = 47,616 # in.

Aspuning a value of 1600
Me

53 when ¥ = Moment in #
) C = Distence from neutral
i ) zxls ta vater fitoeos
1 - 4,86 x8 T, = Mowent of inexiis
Xe 1600 pA

s 179



But, using 1" x 4", then
I - 219

s = AT616 x 6 - 1300
219 Sq.in.

The War Production Board has recently t 1943) 4issue ective

Baging calculations on a value of S = %iOO, this is a safg figgre,
ugus a dir

Vertical shear must be taken up in the 45° diagonals.

When X = Distance from end of truss

V 2 Wy 4 96X
¥ =« Maximum where i T 4 "
For beyond this point
‘ V=W+(4x98) - 9611
Where X = Diétahce from support toward the cemter
V = 800# + 384
T 11844
If 1" x 4" diagonals are employed

Stress in dlagonal
Sine 45 Area of diagonal

- 1185 X 1341‘ x 7
8125 x 3,625 Sq.in.

28



DEFLECTION

DEFLECTION TEST

x——-

FLOOR TRUSS,TLAT # 124

TRUSS SUPPORT#D 48" FROU
ZACH END.3PAN:24'0",

Based upon preceding calculations coverimg this test.

UNIFORMLY APPLIED LOAD
A1l components of truss 1%x4",#1 y.p.

T Py ~ - 7 7 7
N ~ ALY
// \\ // \ N // \ NEANE S T
V / X N \/ /. \\ \\1
A BEAQENG 5

APPLIED LOAD IN POUNDS

2500 ‘ 2500 2500
2000 £000 2000
1500 1500 1500
1000 1000 "~ 1000 !
500 500 500
0 ' 0 0
+,04
+‘ ()2 o—2 /—a
o /0/ '—‘/o/e/o V
o 0 - -
\‘0
=~ AN
% ,02 -
o, N,
[®] o Q*
w2
&
8 .08
~
= e
H Ve
¢ 10 , —
DEFLECTION DEFLECTION DEFL LOTICN
AT A AT B A AT ¢
48% LZFT OF BEARING CEUNTER 48% RIGHT OF BTANRI

WRIGHT OF TRUSY UNIT - 121,56#

DATORIALS:

MEMBIRS 3 LS/lo” x 3-5/8" #1 Yellow Pine
HAILS : 104 Box
“LUE: ! Phznollc Resin



DEFLECTION TESTS
FLOOR TRUSS, TEST #125
CALCULATIONS: :

Ouen—web truss to span 24'0". To be constructed of standard #1 Yellow Pine,

PEOCIDJEE:
Besic sgsumptions:

Truss to be 15" deep oversll

Loading
Live load - 40#/sq.ft. ’
Floor load - E#/sq. 5t

¥t. of truss ~ epproximately 14C#

Spacing ‘
Trusses to be placed on 24" centers.

Calculations:

24 x 2 = 48 sq. ft. floor supported per truss

]
%?Tt X 48 sq.ft. = £1604 | o
"t, of truss. = _140#

2Z00# Total load per trussg ‘
or 96# to the lineal foot. -
Assuming a uniformly distributed load of 96#/ft.
Homent .
Load in pounds/ft.

Tistence from end of truss to point under considerstion
Length of truss (24'0")

b4 =
TR TN T

In 8 uniformly-loaded, simple beam supported et each end the re-
actions at the ends are equal, and the maxinum moment occurs at
the center. ‘

;g WX _ FX2 =1
M= o > but X—E(l)
WiX '

poME- Mo

[ad

Fah
S

M = 26 x 24 Z 12 x 12 = 82,800 # in.

Feferring to Southern Pine Manuel of Standard Wood Construction,
we use & velue of

1£00#/sq.in.
Unit stress in pounds/sc.in.
Moment, pound inches

=
BTN



Disgonals could be of 1" x 2" material. To provide sufficient
nailing and guling ares & 1" x 4" was selected (%.95 8q.in.)

= - BI08

" 5.95 SQoinO

2

S =

=m0

Results:

D L
L1504
&)

BEAl SUPPORTED BOTH ENDS, CONTINUOUS LCAD,UNIFORMLY —
DISTRIBUTED.
PARTITION LOAD 600# > PARTITION: 400f -

| =] |
1#\ o
bj‘ |

| .485# !
11,43 Pl 4,0' e B -
- |BEAM SUPPORTED BOTH ENDS, CONTINUOUS LOAD,UNIFORMLY T

DISTRIBUTED,PLUS PARTITION LCAL. ‘ |




5.6875“ . N
x 1 .. §m. "
R

But there is another consideration. The web, composed of
diagonals at 45° with the horizontsal, must be able to with-~
stend the vertical shear, which is & maximum at the support.

¥ iy
-
s ’ l
LZ?»" e
R

V - Vertical shear (pounds)
Ry ~ Left reaction (pounds)
P, - Weight of half panel which bears over support (pounds
V=R - P,
(Lo - gl)v =V
" But diagonal 1s at 45°

- = S = v

Rl = 11580
Py = 120
v = 1150 - 120 = 1080

L, = Uy = 1080 x 1.414 -
= 1460 #

32



X0

Q= b4

b
h

1IN Y

Distance from neutral @xis to outer fibers
Moment of inertim of entireé truss (inches)4

= dc Ixg - ¥
S Ixo T =% 8

_I_LO:_Z.A__G 8003518
c 1600 *

C = 7.5 assuming a 15" deep truss

5l.8 x 7.5 = 290 and

L |
i

[
i

2
%0 21y + 244
Moment of inertia of one flange
Area of one flange
Distance between neutral axig and truss and neutral axis of
flenge

- ' 2|
I, =2 [Ix + AdR)
3
I, = s
1z

¥idth of flange
Height of flange

Ve must assume a value for either b or h. Using a double tlarge
with web in between members, we shall assume a value of F-5/8%
for h. Then '

]
N
©
o

i

&
Y RO
O
M
l:
ﬂ
£
4
=
H
-—J

- 390
~ 2(120.95)

o’

= 1,62 = 1-5/8 anprox.

Therefore we can smploy £ 1% x 4" ricces to form one flenge.

, E;3W )



TEST #125

ADDIFIONAL, PARTITION LO4D

REACTIONS: . - . | '
24 Ry = 4 x 400 + 12 x 2300 + 18 x 600

A 1600 + 27600 + 10800 . 40,000
1- 24 T4

1666

H

P4 R, = 6 x 600 + 12 x 2500 + 20 x 400
R, = 2800 ¥ 7500 + 800 _ 59200
R4 R4
Rp = 1634 -
Ry + Ry = 2500 + 600 + 400 = 3300 o

1666 + 1634 = 3300

Haximum moment occurs where V = 0

V = Vertical shear
R} = 1666 Lb.

X = Distance from left end of truss
W = 146 #/Ft.

V= Ry - 146X = 0

X2 746 ° Tae

= 11.4 Ft.

Aaximum moment becomes

146 2
e [Rl (11.4) - ifﬁLé%4¢£l~1 x 12

(18,950 - 9470) x 12

i

T
sl

"

Moz (9480) x 12 = 114,000

Stress &t this point (8)

S = Unit stress (#/Sq.in.)

doment (# inches)

I = dMoment of inertiz (in.4)

¢ = Distance from neutral azxis to outer fibers

Lo
5
n

_ Mc 114,000 x 7.5 _ £1800 #
=1 ° 395 * 5¢.in.

©0

£llowalie 5 = 1600 (Southsrn ’ine ianual)

Use two trusses under oarftition wall.

34
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;SL ECTION TEST TRUSS SUPPORTED AT ZACH 21D,
FLOOR TRUSS, TaST # 135 SPAN, p4to"

€34

UNIFORMLY APPLIED LCAD
All components of trusz 1"x¢",#1 y.p.

c r v ©
+ . S N TFTT PR T o . 7% N ’
' ’ PN N v PN \ . PRI N . A \~r~
‘ L ’ \ > - ’ \ M ” 3 . ~ . ’
. AN i g
. —
. | \ o X
. . N 3 7 7 T N Y v 7] N N ., “7
b . N e . . \ . 4 LY s
- L AN As Pl . \ (¥ ” AN ~ ”, o

APPLI..D LOUAD IN POTIIDS

20 . 1000 C 1000 0 1000
S £00 1500 500 160C | 500 | 1500
‘

o

LOOTHS OF F
Y .
O
)
/O

= oY N X
C o, o Ne

Ze 04 N, o N

;;i ° ' \ e
Sl 06 S k\ \e
:

55,08 o

o
j

~  DEFLECTION DEFLICTION DEFL.CTION

Sdls L& FA SEF is &
AT A AT B , AT C
oW LOFT OF CINTLR CONTEZR ~ 72% RIGHT CF CENITR

SAXTIUN DEFLOCTIONS FROY UNIFOEM LOAD OF 1200#
AT A - ,0625¢ AT B - 00! AT © = 050

GLI Phenclic Resin



DEFLECTION TEST
FLOCK TRUSS, TEST #126

Plywood

filler = 1/2% x 4% 828 Fir Plywood ~t—_

36

TRUSS SUPPCRTED AT EACH END.

SPAN, 241c",

c.l,

NZN\ZNZNZN\Z

/2% x 3" PLywooG .

3000

A 1/2% x 2-1/4% 828 Fir Plywood®n_)
. APPLIED LOAD IN POUNDS
0 1000 2000
=
.02 \
m%‘,m ’ \
20 \
Bo 06 °
Ao \
a7 08
%5 \(é-;-deflectiom at c.l.
%.10 o
B
5,12 \
2 distortion
14

co n DD DETLECIION =T o 1. TPROG UNISORA LoD 0¥

CRICTT o TRiSs ; _ 4
T Al
Ak e LoD
I ILS co
Cioize OLTC RORE

3e
<
<




DEFLEUTION TEST TRUSS SUPPORTED AT EACH END,

FLOCR TRUSS,TEST # 127 8PAN, 240"

37

Based upon calculations made for Floor Truss Test #125. Employing single

2" x 4" #1 yellow pine flanges with diagonals on the outside,

il

UNIFORMLY APPLIED LOAD

2-2"x4% Fillers  1e2% x4 | c.1l,
- =
.
\ 2
\\//\\//\\//\\ /X\\{ pd
A | l 2"x4"'"> ILMI“ x4" diagonalsu) .
A B
AFPPLIED LOAD IN POUNDS
2500 2500 2500
2000 2000 2000
1500 15Q0 15Q0
1000 1000 10?0
500 _ 500 5Q0
0 0 0
| \,\ | \. Nl
‘02 ° o . \c\

~ N | - ™

8,04 4 =0

&= o \
U}m . o\ °\°
28 .06 N P
58 08 K
“= .10 |l —!

- DEFLECTION DEFLECTICH DEFLICTION

AT A AT B AT C
72" LEFT OF CENTER CENTER 72" RIGHT OF ORMNTER

MAXIMUM DEFLECTIONS FROM UNIFORM LOAD OF 23864

AT A - 082! AT B - .084' At C - .054!
WEIGHT OF TRUSS UNIT - 12G#
MATERTALS:

FLANGES: 2% x 4" #1 Yellow Pilne
DIAGONALS: 1" x 4" #1 Yellow Pine

FILLERS: 2" x 4" #1 Yellow Pine

NAILS: 8d BOX
GLUE: PEENOLIC RESIN



0 S
In coming to any conclusions regarding supports for low-cost housing

floors, there must be a definite division involving the types of supports
being considered,

In the first group are combined components which propose to free span an
area, these components to rest on some type of foundation or bearing and
be off the ground, permitting air circulation under them,

In the second group are components which in themselves would produce a
floor or a sub-floor. These are, of course, some types of sleb. The second
group will be discussed in connection with the foundations. Thie diascussion
will therefore involve only those components which might be classified in
the first group. : b :
s \ .
. Comparative figures between orthodox foundation snd framing,and trusses
i employing limited foundation indicated there was a definite advantage in
© time and materials with subsequent savings, in tha employment of clear—apan }
~ trusses. . , ) o #
—— L .
¥here a volume of material would be employed, it becomes apparent the dlago-
nal members in the open-web iruss could be cut from salvage wut-a substantisl
saving, As the engineer's comments indicate, these components need not be
uniform as to width as long as there is not too great a discrepancy which
might tend to throw the truss off its structural balence.’

\

Truss units can be standardized and assembled cheeply and quickly with a
minimum amount of skilled labor. When conveyed to a site ready tc receive
them, they can be put into place without any delay and with a minimum amount
of bridging, the only bridging employed being that which holds up the first
two trusses. These provide & base for the running strips which are carried
across the top of the trusses and act as spacers, remaining until floor com-
ponents are introduced.

All tests indicate truss components can be designed very light in weight and
standardized to a high degree if in their use in the designing of & living
unit the factors which contribute to concentrated loads within the structure
are carefully considered and compensated for elther in special trusses built
to carry these additional loads or in doubling up of the standard trusses.

The improved results in load-bearing values with a truss having a glued Joint
are worth the investment.

Whers nails pass through more than two members, any members beyond these
first two derive greatly diminished benefits from the nails which enter them.
It seems more advisable to use & smaller nail and to nail from both sides
despite the fact this requires either the turning up or turning over of the
component during its assembly.



39

The open-web truss permits knob snd tube wiring to be carried through on
knobs secured on the under edge of the upper flange and alongside the truss.
The nailing of knobs on the lower flange of the solid truss would offer
difficultdes, particularly where limited excavation had been carried out.
The stouter flange with web members on the outside produces a more satis-
factory component than that resulting from web members placed between two
1izht flange members,

Where light exterior walls are employed in connection wlth these trusaes

. 1t would sppear to bs a more practical construction to carry w»zll materials
to the bottom of the trusses, permitting nailing to occur where the support-
ing members of the walls fit agalnst the ends of the floor trusses and &l-
lowing the walls to rest on the same foundution which supports the trusses.

As Test #124 indicates, it is entirely possible to carefully design a truss
of minimum height and employ smaller components, so balancing this truss in
cantilever that reactions are set up which result in & very satisfactory
component which not only is capable of carrying floor and live loads but
ceiling and roof loads &s well.

The solid-web truss would appear to be more practical for spans beyond those
in which research has been underteaken, and it should not be dismissed too
lightly. These solid-web trusses-do have a tendsncy to block off piping
and wiring, resulting in increased labor cost when the introduction of util-
ities is necessary under the floors. If a satisfactory;11ght—weight solid-
web truss was developed, it would be necessary that utilities elther be
carried uuder these truss components or that holes be established by the
engineer through which wiring and piping c-uld be conducted. Uplcss mich &
precaution was tekem, tae imherent strength of the truss could be affected
by holes drilled vy mechanics for their convenience rather then to an engi-
neering advantags.



SECTION IIX
- ROOF TRUSSES

EXPERIMENTS IN CONNECTION WITH WAR WORKERS®! HOUSING

PURDUE RESEARCH FOUNDATION, G. S. MEIKLE, RESEARCH DIRECTOR

HOUSING RESEARCH DIVISION, CARL F. BOESTER, EXECUTIVE

Purdue University
West Lafaystte, Indiana
March 1, 1944
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DEFLECTION TESTS
TRU ‘
PRDCEDQQE:

In the very beginhing of the analysis of the amall house, it was deter-
pined the partitions would not be load bearing and the ceiling joist and
roof rafters were to be 80 coordinated aa to create a free span over the
floor area. This required that a truss be designed to perform this fune-
tion. ’ ‘ B :

The interesting observation here is the initial tendency to create a truss
exceeding the required structural values. As the following studies would
‘indicate, the originsl trusses not only employed considerably more material
than was necessary, but the use of solld panels and intermediate members
was found to be unnecessary amd produced am unduly heavy truss.

These studies indicate that careful enalysia of light truss design results
in their being a very economical method of ceiling and roof construction.

TES 28

The initial roof truss was designed for a 24! span. It was desired to in-
troduce two solid webs and to support these solid webs with material not
exceeding 1% x 4", Asbestoa board not exceeding 5/16" in thickness was to
be the web member. The truss was to have a plteh permitting a 4' x 12!
sheet of agbestos to be cut to produce a 24' component.

Initial calculations indicated an sxcessive dead weight in the truss, but
since the information sought had more to do with the values of the solid
web than the values which might be necessary to a successful and usable
truss, construction of two of these trusses was carried out and load tests
made,

It will be seen the truss was much too heavy for practical use and greatly
exceeded the needed structural values for the 24! span.

The next three tests were based upon the use of *" gypsum in the web,
TE, £9

This truss was designed for a span of 16!, employing a meximum rise of zp-
proximately 36". Design developed indicatea a rise of 374", a web of /8"
gypsum, the center vertical member being & 1" x 4", one on each side of the
web, Joints were perfected by employing 3" plywood gussets glued and nailed
into place, Test loading was carried out on ome side of the truss, the
practice for testing roof trusses., Checkerboard pattern of loading as des-
cribed wes used,

The truss was loaded to a total siightly exceeding 1 kip. The interesting
~observation is the minimum of displacement on the unloaded flange. These
flanges had been nelled with 64 box nails spaced 6" on center and staggered
along the 1" x 2", Nailing was done from only one side. Upon the removal
of the test load, the truss returned to its originel position. An attempt
wag made to take this truss apart to determine the comdition of the gypsum




where nails had passed through it in the nailing procass, This proved to
be somewhat difficult, and no definlte observation could be made as to the
structural value of the web in relation to the total strength of the truss.

EST #130

While the single-web truss spanming 18' gave emcouraging results, it was
belleved same comparisonm should be mzde between the originel two-webbed as-
bestos truss and a similar truss in which %" gypsum would be employed in
the two webs. Such a truss was constructed in a mammer identiocal to the
asbeatos truss and subjected to the same type of loading. Excessive weight
was again apparent. The test substantiated what had already been found out
in the asbestos truss: the double web was acting as little more than a
stiffener at an expense in dead weight.

IEST flgl

Employing the factor obtained in the three previous tests, a roof truss was
constructed which used a single, solid web of 3" gypsum cut from a 4! x 12!
sheet, The characteristics of the 18! single-web truss were adapted with
the exception -the vertical member beceme a 1" x 6" instead of a 1" x 4"
plece. Thls truss developed good characteristics but remained heavy. Be-
cause of the minimum amount of cross section in the flanges it made a very
dirficult component to handle. Ralsing these trusses to a height of 8' off
‘a potential floor required comsiderably more labor than was believed to be
economical. Twisting in the members after erection resulted in the intro
duction of spacers in the manner of bridging at points 8' in from the outer
ends of the trusses. This was a slow operation requiring the fitting of
pleces between the lower flanges of the trvss, this causing the ultimate cost
to exceed that which was belleved to be Justifiable for the complete opora-
tion of erecting members acting zs ceiling joists and roof rafters.

In the examination of all of these solid-web trusses, it became increasingly
apparent the solld web was not contributing very much structural value to
the truss. The solid-web components required a wvertical joint in the center.
When this joint was compensated for in the calculations, a member was intro-
duced which possessed such values that the web itself would not have been re-
quired at this point. Removal of these flange members after loading tests
disclosed the neils holding to satisfaction. The nail holes through the web
had become elongated, indicating the webs were offering little resistance et
their point of contact with the nails. This was a bdt more apparent in the
gypsun than in the asbestos board, slthough the same factors were present.

The engineer reasoned if these webs were securely retained im position by
the nails and this elongation did not occur, then the loads would be trans-
ferred to these webs, and buckling could be expected to occur. It seemed
logical the roof truss mext to be tested would be one with simple yellow
pine members from which solid web had been eliminated.

IEXT 4132

In order to obtain basic comparisons, the first truss was designed for a
spen of 12', As shown on the deflection test drawing, this constituted a
light scissors truss, The results of this loading were entirely satisfac-
tory although the compoment seemed very light for even & 1R' span,
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TE 138

The scissors truss wes carried into the second design for & span of 16'.
‘This, too, proved to be entirely substantial. In both of these trusses

no attempt was made to introduce a lower chord equivalent to the ceiling
Joists, BSuch studies as were being made at the time anticipated a living
unit in which therse would either be no ceiling, the sub-roof being the
finished ceiling, or the celling would follow the pitech of the lower chords
of the scissors truss. From a study of these trusses the next test was de-
slgned, .

IEST #1354

This truss was designed as a Belgian truss with four top psnels and three
bottom psnels in its 24'0" span, This design is economical as it offers
the possibllity of ewmploying short-length material with a2 minimum amount of
waste. Structurally, it has been proved practical., Its design worked wsll
within the limits established, 1.e., a height not to exceed 4'. Tentative
welght calculations inddcated it would be 1izht and easy to handle.

The first design required an offset in the upper ckord to receive a certain
type of roof sheathing. The practice of gusssts of both 1" material und
5/8' plywood was adopted as a result of the excellemt Joints obteined ix 131
of the tested trusses employing such joining. Tests indicated success of
this truss, and its design was incorporated into Unit B-18, derlection teals
on which are included in this report.

The agsembly of the truss wus simple and rapid. Sufficlent rigidity was im-

parted so that in conveying the iruss to its point of erection =nd the hani-

ling required in the placement caused no dlstcriion, 4An exceasive wat of

labor was not required amnd the time factor was very fovorable. As tiis

port deals with the engineering features of the varlous components employed,

the detalls of construction and handling of this truss intoe position will nox
be discusssd.

TEST #1365

In it8 essentials the truss tested under thle nunber had the basic cum-oren::
. and characterigtics of thet »f Test #134. It wlll be observed that *'ie gna-

. sets are ralsed up on the lower chord a distance of 1" and that the lower
chord has veen increased 4n size from 2% x 3" to 8" 2 4", The lower bstiten
of 1" x 4" material has been added as the use of thls ¢ aponent wes to be ic
Unit B-15 in which & celling was slid rather than nailed into place., When
it was nscessary o creste this 1" space in which to :.ide the ceiling, the
sngineer increcsed the lowsr chord 1" im order not w loge bearing for the
gusgeta which were both giued and nmiled into position as usual,

ST #136

A complete anelysis of all itrusses indicated the open-weh lruss with & r;se
of 4" in a span of 24% and with four upoer and three lower panels wao of fer-
ing the most satisfactory results, both as to quentity of material suploved
and the rapidity with wbich its light welght ceruitted erectin..



Some of the components were not doing all that could be expected of them,
twt the principles involved were inherently sound. 'The emgineer recaleu-
lated this trues, and as a result of these new calculations Test #136 was
constructed and loaded.

TEST #137

This was a 1light weight member to span 12!, The components were to be
either exposed or were to carry a ceiling which would teyrminate at the
underside of the cross member of the "A" freme., This was very cheaply
and simply constructed and involved no problem in design or handling, its
erection being very quick and its load-bearing properties as anticipated.

In the low-ptiched roof normally employed in small residential structures
thare is no Justification for calculating a downward-acting wind load. It
‘ia more essential compensation be made for 11ftimg forces. It becomes ap-
carent that in these small structures it is essential that a sequence of
ties from the foundation through the walls and finally to the roof members
be employed to offset this lifting action which can become as great as 0.7
to 1 x velocity pressure.



DEFLECTION TEST

ROOF THUSS TEBT #128 TWO WEB ASBESTOS BOARD
UNIFORMLY APPLIED LOAD 3-1x2 #1yp
%/;:;;16“ Asbestos ba

£l {. -3
AS——— plywood gusseta /b R—~3-1x2 #lyp A

LENGTH OF TRUBS w 24'0"
HEIGHT OF TRUSS - 4!io*
WEIGHT 262#

LQADS IN POUNDS

1500 1500
1000 . 1000
5i0 500
‘ — Fﬂ%h§7
(5} % 002 002
Z
B ﬁ -’04 { .04
g 8
B - .06
- H g .0 .06
'08 008
AT MmA" DEFLECTIONS . AT"B"
MAXIMUM DEFLECTIONS FROM UNIFORM LOAD OF 14954
AT "AM - 038!
AT "B" - ,009¢

MATERIALS:
WEB: 2—5/16 x 4% x 12! ASBESTOS BCARD
FLANGES: 3 members - 1"x 2" #ly.p.
VERTICAL MEIMBERS 3-1%6 #ly.p.
GUSSETS: 1/4%, 3 ply, 528 FIR PLYWOOD



DEFLLCTION TEST
ROCF TRUS3, TneT #129

DIRECTION OF DISPLACEIZNT

ANGLE OF DISPLACEMENT
LOADED BURFACE *> - _ 6202¢
DISPLACEMENT ,126%
AT 1090# LOAD

k'
’

160"
n A

A
A B o}
| LOADS IN POUNDS ; ‘
0 1000 © 1000 © . 1000
— ' — et — O
B B N R | B DEFLECTION
IN INCHES
. 05"
, —+—1.00"
DEFLECTION DEFLECTION DEFLECTION
AT A AT B AT C )
48" LEFT OF CENTER CENTER 48" RIGHT OF CENTER

MAXIMUM DEFLECTIONS FROM UNIFORM LOAD OF 1095#

AT A -+,1563" AT B - ,130" - AT C - ,0628"
WEIGHT OF TRUSS UNIT - 87#
MATERIALS:

.~ WEB: 3/8% GYPSUM BOARD
FLANGES: 1" x 2" #1 Yellow Pine
VERTICAL MEMBER: 1" x 4" #1 Yellow Pine
GUSSET8: 1/4",3 ply,828 Fir Plywood
NAILS: 84 box.
GLUE: Phenollc Resin



DEFLECTION TE8T

OOF TR EBT #130 TWO WEB GYPSUM T oA
_1 Mot '
UNIFORMLY APPLIED LOAD . 3-1"x2" #lyp—

A A

LOADED SURFACE'ffi:::’,—*——————iiiii

= 3.1%6 —>

A ™— plywood gussets / k—3- 1"x2" a
LENGTH OF TRUSS - 24to" o

HEIGHT OF TRUSS - 4'0"

WEIGHT 262#

LOADS IN POUNDS

1500 15?0
1000 1000
500 500
. o-_k\ —W’o\oﬁr- o)
E<
i :é «0R O‘N - .02 - -
X "
08 .04 ! .04
2 3
pd - 06 ' 06
2a ~
Coa woa
AT "An DEFLECTIONS AT VB

MAXIMUM DEFLECTIONS FROM UNIFORHM LOAD OF 149C#
AT A - 044! AT B - 011
WEIGHT OF TRUSS UNIT ~ 2624

' MATERIALS:

WEB: £-3/8" x 470" x 120" CYPSUM BOARD
FLANGES: 3 membars - 1%x 2" #ly.p.
VERTICAL MEMBERS: three 1" x6" #ly.p.
GUSSEES: 1/4", 3ply, $2° FIR PLYWOOD -
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.....

TR e T ,\\? T X
B S P i e e e . e
AGUE ¢uuue cwa 131 SiNan wub cleoU BOARL
:m:_

- d(/:a-lxz #lyp
1/2" GYPSUM BOARD

-~ -}

D N— plywood: guasets —7 R-2-1x2 #lyp

LENGTH OF TRUSS .24'0'
HEIGHT OF TRUSS - 4'0"

WEIGHT «160#
LOADB IN POUNDS
2000 1500 . 1500
, 000
o 500 500
0 |
“\o \40\
.02 \ .02
N \ N
E § 04 \ 04
§§§§ .08 | \\\q .08
a &
.08 .08
AT nAY DEFLECTIONS AT npn

MAXIMUM DEFLECTIONS FROM UNIFORM LOAD OF 14904
AT WA - 059!
AT MBM - ,034%

MATERIALS:
WEB: 1-1/2"x 4'x 12' GYPSUM BOARD
FLANGES: 2 members - 1Mx 2" #lyp
VERTICAL MEMBERS: 2-1"x 6" #lyp
GUSSETS: 1/4", 3 ply, S25 FIR PLYWOOD

48



DEFLECTION TEST
ROOF_TRUBS Tr8T #132

DIAGRAMMATIC SOLUTION

FORCE DIAGRAM

- BCISSORS

S8PAN: 12'0%

GRAPHIC SOLUTION

'STRUGTURAL SOLUTT

ON

49



DEFLECTION TEST
ROOF TRUSS,YEST # 132

LOADED SIDE —»

S8CISSORS

BPAN: 120"

120"

. WEIGHT OF TRUSS - 31#
HEIGHT OF TRUSS - 3'0O"

APPLIED LOAD IN POUNDS

1000 : 1000
800 800
600 600 |
400 400
—_ 200 200
2 .
&=
U)"‘ m—"
55 [Frnes
Eo A
E;’lﬁ 002 002 \o
E;§ 04 04 \\
Qz ° .
=
.08 .08
DEFLECTIONS
AT UAM AT %t

- e —’_]
1000
800
800 |
400
200
trgoe |
- 0 35
04 ‘3
.06
AT "C¥

MAXIMUM DEFLECTIONS UNDER UNIFORM LOAD OF 7404

AT "A" « trace
AT "BY . ,033!
AT "C" . trace



DEFLECTION

ROOF _TRUSS, TEST £13%

SUBJECTs
Scigsors truse to span 167, to be built of #1 yellow pine with plywood
gussdts.
PROCYDURE:
Bagic Agsumptiong:
Weight of truss 42 # approx.
Foofing load 5#/8q.ft.
Snow load’ . 20#/8q. L.
Wind loed Negative
Depth of truss 48"

(et center)

CALCULATIONS:

See graphic solution, Fig.

' In addition to these tension and compression loads, consider the
bending moment end resulting stresa in the upper chords of the
truss.

Consider a 2" x 3", 5,4' long, for the upper chord; as a tixed beam

Moment # in.
Weight per foot of length
z Length (ft )

uuu

M
W
1

M,5718154X_la-
' 12

1690 # inches

b m 90 1.\, ™ H 1
S 1 l§—§—§2»~—~ 860 #/sq. 1n.

Sp = 860 ._.&.5% = 1198 #/sq.in,

Use & 24" x €" gucset at the ridge as determined by previous calculations.

Disgonalg
Tentatively use a 1" x 2"

Area = 1,52 BQ. ing'

8= “§1Qﬁ = 1040 #/8q.1n.

However, to provide au“fifL(nt cintng and nalling area, empioy
17 x I" membera for these Jiagoaaiau

]



DEFLECTION TEST
ROOF TRUSS, TiST #133

CALCULATIONS: Employed in comnection with graphic solution

Basic»éggumgt;ogs:

Weight of truss 42#
Roofing load 5 #/sq.ft.
Snow load E . 20 #/sq.ft.
Wind load Negative
Depth of truss 484

(at center)

With trusses 2' on centers, top area carried per truss 1s:

[}8'8")2] X 2 T 34.66 sq. ft.

Total load »er truss

St x 34.66 sq. ft.

Sq.ft. - ‘175.5
> 2 ‘ :
Sq.ft. * 34,66 sq. ft. 693.0
| 42.0
. 1008.5¢
1,008.5 -
M -
75 - 578 #/1t.

panel (B) = %.25 x 57.8 = 188 = Panel (C)

p = Panel (4) . 1564

Q 2

, = 2emel () +omel (B) - ooy

o = Zumel (B) . jqgy

P 1

Ry - P, = Ry - P = 500 - 156 = 344f

52



DEFLLOTi N TusT
ROCF T...84,TnoT # 133

Py
DIAGRAMVATTZ SOLUTION 1

o

T
S

FORCE DIAGRAM

1480 lbs.

STRUCTURAL SOLUTION

SCISSCRS
SPAN: 15t4Y

T e g T

753{

by
. A
4
B
E
}\

3/8" Plzwood gusset TN
24% long .

ib B
— )
—
e
¥
b
JE S W




DEFLECTION TiST 8CISSORS

ROOF TRUSS TEST #133 SPAN: 15'g*

3/8" PLYWOOD

‘C?," !=!.<//“—;”‘GUSSET

2x3/:j::

LOADED S8IDE

.

? — 150-@" %T
WEIGHT OF TRUSS ~ 424
HEIGHT OF TRUSS - 4'0Y
APPLIED LOADS IN POUNDS
1Q00 1090 1000
8Q0 ’ 8 800
600 . quoﬂ 600 |
4Q0 . 4Q0 400
200 ‘ 2Q0 | 2Q0
E .
o ™ L =S S S o
= K
o - 0
Hao o 0o .02 .
o
§H .04 .04 .0
= .
a)
.06 .08 0
DEFLECTIONS
AT A0 AT YB¥ AT “C"
MAXIMUM DEFLECTIONS UNDER UNLFORM LOAD OF 990#
AT “A“ 004. - e
AT "B*. 036!

AT MC"- .002'

54
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DEFLECTION TESTS
ROOF TRUSS, TEST #134

CALCULATIONS
For graphic solution and data, see Fig,, p.'sa

Compute bending stress in member A~l., It is the critical membcr, being
the most heavily loaded and one of the longest members in the truss.

Coneider this member as a fixed beam with uniform ®A* load of 50 #/linecl
foot. »

M = Moment (bending) # inches
S = Unit stress #/sq. in,
1 Moment of inertis of member

Distance from neutral axle to outer fibers
Pounds per linesl foot
Length of member (feet)
Area of member (sq.in.)

== oM
T TR LT

M=y ® e C 12 X R
M = 3200 # inches
= ¥c - L=M
3 I or ¢ 8
Assuming the use of a 2% x 3"
1,625 x 2.6875 . 1. &
Ix L N 12 - 2065 ino

L= 1.825 x 2,6875 = 4.37 saq.in.

gz 3200 x 3.543 1820
2.6 4.37

1635 + 416 = 2071 #/sq.in.

18

Asguming the use of & 2" x 4"

1.625 X 8.625 _ ¢ 4o 4. 4

Iy * 1.
A= 1.695 x 3.625 = 5.9 in.©
. 3200 x 1.8125 1820

.45 5.9

4

900 + 309 = 1209 #/ag.in.
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Ce Members
Fixed beams - 96" long
A 1745# load in tension, plus the weight of the ceiling

Using a 2" x 3" in this position

I, (for 2" x 3v) = 2,63 in.4

4'57

A (for 2m x 3w)

. |
m:%%:ﬁiﬁli3=ms#m¢a

;28 x 1.548
2.63 4 57

2 65 4400 = 465 #/sq.in.
Next to be comsidered are members 1 - 2 and 2 - 3
Total compressive load in 1 - 2 is 300#

Usging a 2" x 2%

_ 1,625 x 1,625 _

A : 2'64 Bq' ’in.

- P - 300 .
5= 2 R 155 #/8q.in.

Total load in tension in 2 =3 48 575#.
Use 2 members in this positlon, one on each side of truss.
Try 1" x 2% members
| A= 2,64 sq. in.

-P. 375 .
8z =3 =2 142 #/s8q.in.

- Considering the small load carried, eliminate one member and disregard the
eccentricity of the load

Employing one 1" x 2%

Ares = %g x 1-5/8 = 1.52 sq. in.



¥ 1152

[

8= %-= 515 = 9p4 #/3q.4n.

In determining gusset sizes three conslderations were made: necesssry glue

area, nalling aree, and shear area,

Using United Sta*es Plywood Corporation date on glued joints, safe value for

the stress was determined

- 00C4
Ultimate Streﬁs - SQoina

That is, 1000# per square inch oX contact.
Use a value of 250 #/sg.in. as a working valus.

The force of 1870# requires

1870# x g%;%?; = 7.5 s8q.in,

Thie does not provide sufficient nailing area.

Actually the shearing stress govermsin this case as Plywood data indicates

180 #/8q.in, allowable shearing stress.

Uaing two 3/8" gussets must produce

230,

18704 x;§§5§~w 10.4 5G.4n.

10.4 Sq.dn, = 3/4 1

1l “% x 10.4 = 13.,9"

Use two 15" gussets at eaves sud a pair of 24" jussets at ridge.

As drawing indicaces, 1" x 4" member., 24" long,
two Joints along ceiling joist.

vere used as zussets at

51
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DEFLECTION TEST |
ROOF_TRUSS TEST #18
, l/4”}l wood gusset**—-\

‘xﬁf

1x4 y.p.
gusset

fz'

1/4*11{wood gusset
ong

e ;_ 8'0* - | | - 4;bw R

o
‘ MAXIMUM DEFLECTIONS FROM UNIFORM LOAD OF 2090# E

AT "am . 020! LENGTH OF TRUSS 24'g"
AT "B" - 018! j

HEIGHT OF TRUS8 4'0"

AT mCcn . ,032! (2 ' _ WRIGHT 112#

APPLIED LOAD38 IN POUNDS

25 25 25
2000 Po , 2000 po ' 2000 PO
1500 1500 1600
1000 1000 1000
590 500 800
0 0 ¢ | |
Y
L B -
002 ) ‘\M&\. 002 x’ 002 '\“:l;‘\
.04 = .04 04 X
.08 ' ,08 .08
‘ .08 )008 908
DEFLECTIONS

AT mam o ATMBD ' AT nwCn
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DEFLECTION TEST ‘,
ROOF TRUSS TEST #135 ) \

1/4* Piywood gusget- \

24" long

[#2]

1x4 y.p.
1/4" Plywood “ gussgtp
sset
5" long «

f’”::;::
A :
| Nal.]
}: C:;B 0 &i Cilé
{

LENGEH OF TRUSS - 2410" MAXIMUM DEFLECTIONS FRUM UNIFORM LOAD OF 21004
HEIGHT OF TRUSS - 410" AT mAM - L0291
WEIGHT 1214 AT "B* - ,013

AT "C" - ,033!

LOADED SIDE'fEfL‘*’

APPLIED LOAD IN POUNDB

2500 2800 v 25?0
2000 | 2000 2000
1600 1600 1500 |
1000 1000 1000 ,
5 600
BOO
o 1 0 09
LT -y
Uﬁg EKVS‘ b\q”\ k\i\k
2% .02 .02 ! o2
=E: oL e
§§ e 104 | 04 %
A8 06 .06 .08
.08 .08 .08 L
DEFLECTIONS

b
L]
3

AT wAl ’ AT ﬂBH
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DEFLECTION TEST
ROOF TRUSS, TEST #136 _
CALCULATIONS; Employed in comnection with ;raphic solution
Bagic Asgumptions:
Weight of truss ‘ 124# (approx.)
Roofing load 5 #/sq.ft.
Ceiling load 2 #/sq.ft.
Snow load 20 #/8q.ft.
Wind load Negative

Trusaes to be placed on 2Y centers.

Roof load = (25 x 2)(5 + 20) = 1250#
Ceiling load =(24 x 2)(2) = 96 #

Panel (A) = 55~ x 1250 = 4004 = Panel (D)

4.5 . 4050

52 225# = Panel (C)

"
H

Panel (B)

Y

P E
anel (E) TS

'Y
L]

32# = Panel (F) & (G)

PO 2 B e = 200 #

.....

P, = Panel (A) «_;: Panel (B) - 400 ;;& - 5134

it

Penel (B) 3 225¢

P

'

5 - Panel (E) = 324

_ _ 1250 + 96 |24 - 1470
Ry = Ry = = . - = 1854

Vertical Components

P .
Ry - P - 323 735 - 200 - 16 = 519
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BELGLAN
DSPAN, 2410T,

DEFLECTION TEST f B
ROOF JRUSS, TEST 4 136
(o]

|

EY

LA - J
T ¢ ‘1 ’ F ‘lr E ?
R P, Py R,

FORCE DIAGRAM

STRUCTURAL SOLUTLON



DEFLECTIONS

(IN 100ths OF FEET)

DL CTION TIST

ROUF_TRUSS TEST #136

62

BELGIAN

LENGTH OF TRUSS - 24'ot
HEIGHT OF TRUSS - 4t'o"
WS IGHT os#

MAXIMUM DEFLECTIONS FROM UNIFORM LOAD OF 2094#

AT "A* . 022!
AT "B" - ,010'
AT "C" - ,028!

LOADS IN POUNDS

2800 : 25600
2000 2000
15600 15800
1090 o 1000
500 500
9\»\ “N-—o.\‘,\m—%
002 ' . ” 002
»
.04 - ,04
.08 ' " .06
' DEFLECTIONS .
AT ®A® AT "B%

1500
0
\\o
.02 =
%\\Q%
. 04
. 06 o

AT "
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‘ROOF_TRUSS # 137 "A" FRAME

120"

S

WEIGHT OF TRUBS - 30#
HEIGHT OF TRUSS - 39°

This truss was not tested in the manner employed in
previous trusses zs the span was nominal and the solution
was obvious., Components were 2" x 4", the horigontal
menber being secured in place by means of a 1" x 4"
neiled on the faces of this membey and the two rafter
components.

Where the truss was exposed, the sub-roof providing =z
finished ceiling, it was possible to omit the horizcntal
2% x 4" and employ two 1" x 4", ome on each side.



ROOF TRUSSES
- SUMMARY .

In the design of light-weight, short-span roof trusses there is a

tendency to construct components exceeding the requirements of span

and load., This over-designing invariably results in trusses which are
difficult to transport and handle. This is particularly so of the solid-

web trusases., These offer but little structural advantage and contribute 4
considerable to the dead weight, /This weight in turn must be transfer-

red to the walls, with resultant undue weight carried down into the foot-

ings.

In transporting the sollid-web truss its handling is awkward, and securing
-1t on a truck is difficult as there is small opportunity for tylng. Since
the wood members ampployed are light, cleats nailed across a series of
trusses to retsin them during transportation tend to break these light
flanges. At the site, the moving into position of such a truss is diffi-
cult &8 there is a tendency for its apex to want to tip. Consequently it
is necessary to provide some means of velancing until the component is
secured in position on the wall. This offers a problem in the solid-web
truss as there is little surface to which & brace or battem can be secured
or against which a board or stud can be placed for the steadying of the
component while raising it into position.

The solid-web truss retards ventilation through the attic space, the webs
segregating each area and preventing any movement of air except by means
of some type of eaves ventilator. Tests have indicated this means of
ventilation to be inadequate unless there is some relief in the ridge or
gable ends, i

Carefully engineered and constructed light—weighthrusses falling into the "
general category of "A" frames , scissors, and Belgiamn can provide suffi-
clent roof and ceiling support without too great a weight introduced into

the truss.

The Belgian trusses reviewed in the serles of teasts shown here were parti-
cularly successful Plywood gussets glued into posltion produced a rigid
unit which was easily loaded and could be tied and secured for transport-
ing without any great effort or the use of cleats or supplementary nailing.

Twelve-foot and sixteen-foot trusses were conveniently conveyed on a pick-
up truck, The longer trusses required brackets to be built en the bumper,
in the space between cab and truck body, and at the rear of the truck body
in order to avoid distortion and deflections resulting from torque.

There has been a tendency to elther shop fabricate the entire roof truss
and apply the ceiling and roof material after erection or to pre-assemble
ceilings and roofs, assuming normal values of 2" dimension lumber to pro-
vide ceiling jolst and roof rafters, (This)disregards the fact that a
modest amount of presupporting of these celling and roof rafters prior to



their beinz secured as trusses would eliminate a great deal of unnecessary ¢
weight and hendling ordinarily found where the more orthodox/components R
are employed. /It is entirely possible to design these trusses in such a "
manner. that the components supporting the celling and those supporting ths
roof may be assembled with the ceiling material and the roof decking in
place, /the actual assembly of the trusses taking place after these members
have beem put into permanent position.

Where trusses were shop-assembled gluing, nailing, and the employing of v
plywood gussets resulted in a sturdy, stable unit capsble of standing
much abuse in tranaporting and handling.

Where light-weight trusses are employed, it is advisalle tc introduce a v
plece nalled flatwise on the underside of the lower chord and to allow

slots In this plece to receive similar strips rumnning across the trusses

which act as spacsrs and nallers for celling materials. This not only
eliminates the use of fitted bridging, but provides nailing for whatever

type of ceiling might be employed without the danger of these celling neils
gplitting the structural members in the lower chord of the trusa.

The observation is sgain made that if the design.of these trugses provides
Jolnts at intervals corresponding to the sizes of the celling and roof
sheathing materials to be used, it 18 possible to bring about this joining
after erection hag occurred.

The use of bolts and mechanical fasteners should be considered in connec-
tion with light trusses. These prove very effective in heavlier work, nnd
there is reason to belleve that field joining of 1ight truss componenta
could benefit from such joints.

Whether a truss is assembled in the shop or after actual erection, it is v
imperative that the Joints as designed by the eagineer ave renrcduced in

each of the final trusses, If certein gluing area is required, thm
supervision should be such thot it is certain each truss has recelved the
benefit of that glued area. If the design specifies certain eizs nails

placed ip certaln positions, then it must be ascertained that the final
nailing produces the results requirsd., If these few simple operations

are respected during the design and construction of intregal recf and ceil-
ing load-besring components, a light-weight, low-cost znd simply-erected

unit possessing the load-bearing properties required will be the result.



SECTION IV
WALLS

EXPERIMENTS IN CONNECTION WITH WAR WORKERS’ HOUSING

PURDUE RESEARCH FOUNDATION, G. S. MEIKLE, RESEARCH DIRECTOR

HOUSING RESEARCH DIVISION, CARL F, BOESTER, EXECUTIVE
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PROCEDURE;

The type of wall requiring considerable study and research was that in
which large panels of material were to be employed as structural walls
and retained in place with battena. For the purpose of identifying thie
type of wall, we have employed the term "sandwich”. In an analysis of
these walls three types were takenm into consideration. The first, a three-
column composite, consisted of three I"™ x 4" battens and two sheets, or
web members, 48" x 96" of the materisl bteing tested. These wers so as-
sembled that ome set of battens was exposed to each side and the third
set was between the two sheets of muterial. This unit was designed to
take insulation between the two sheets of wall material. The data des-
cribing the method of calculating these walls will be found under "De-
flection Tests, Walls, Three-Column Composite."

The next group was the two-column composite in which two 48" x 98" wall
materiale were placed together and these retained in position with

1" x 4" battens on the outside and the inside, 'here being no space
between components. This calculation has been fully described under
"Defiection Tests, Walls, Two-Column Composite."

Finally, a wall was analyzed im which there was but one solid wall panel
retained in place by 1" x 4" on both sides and described as a two-column
single panel. The factors employed in computing this panel were the same
a8 those employed for the two-column composite.

These .sendwich panels were built with insulation betweem panels (Tests
#138 and 140) and with the insulation omitted {Tests #139 and 141). The
insulation value within these ’anels will not be discussea at this time.
It can be said the omlssion of this small amount of insulstion did not
appreciably affect the "k" factor.

Structurally, there were such slight differences in values in the two
panels it was not believed necessary to prepare graphe for the twe Y ffer-
ent types. Im running these load tests, defleciions were recorded o s
basls of total lned applied across the top of the panel, but the actusl
load was broken up into three relatively equal loads centered a. . .4ats
A, B, &nd CQ ‘

In the three-column composite the initlal welght of the wall section total-
led 162 pounds where gypsum was employed, 169 pounds using asbestos board.
This produced much too heavy a wall and even in these initial test panels
it became apparent that an excessive amount cf material was belng employsd
and assembly would be expensive., However, to attempt to determine values
in these wells, for which there was no englneering precedent or calcula-
tions avallable, tests were conducted with the results shown on the rea-
pective graphs,
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The total load of one and one-half kips on these panela indicated an ex-
cessive construction for the loads which a wall employing thls construc-
tion would be expected to carry. The cracking of the panel in Test #141
indicated panel members were contributing something to the strength of

‘the panel, but the contribution was not enough to justify the added weight

end amount of materlal necessary 16 retain these panels in position., The
adjustment of the graph indicating the deflection at B!, the concentrated
load at the center of the panel, can be understobod. As the loads caused
deflection at A' and C!, the beam moved down, its own deflection not neces-
sarily affected by this loading. As the load became greater it was neces-
sary to observe not only this displacement of the beam-due to the loadings
over the columns, but to also determine the deflection that Nes actually
occurring in the beam itself.

TEST £142 - 145

The calculations for the two-column composite are a refinement of the three-
column and offered a wall in which two different materlals were combined

in the panel with two sets of battems retaining this material in position.
These walls showed good characteristics and were employed; Test #142 in
Unit B-13, Test #143 in Unit B-15.

‘Weight continued to be the factor in all of these components.

TEST #144

The final of these sandwich type walls was one in which the panel con-
algted of & 25/32" agphalt-coated fiber board having an outer surface treated
with roofing grenules. This resulted in a panel having a weight of approxi-
mately 20 pounds. It employed, besides this single thickneas of material,
the two sets of battens in the same manner as these were employed in the two-
column composite, This type of panel was used in Unit B-22.

In all of these wall studies it was necessary to consider the size panel
under test lead as being less effective than & similar panel combined in a
wall, the test panel not having the added stiffness resulting from adjacent
companion panels. Primarily these tests needed to be incorporated into
actual structures to determine exactly what could be expected whem actual
roof loads were applied, window and door openings cut, snd irregular deflec-
tions encountered which can occur from unbalanced loading or foundation ir-
regularities,

The grephs showing the action of these various types of oanels in thedr
respective structures clearly indicate the results of their employmemt.

TEST 145

Stud walls rsquired no particular analysia. Single top and bottom plates
were employed with stud spacings 24" on center, Double studding was omitted
at window and door openings with the exception that openings exceeding 4!
in width received doubled 2" x 6" lintels and double studding at the limits
of the lintels, Single 2" x 4" headers installed flatwise were employed at
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the lintel and sill lines of other window and door openings. Corners were
framed in any one of the recognized three-stud assembly methods of cormer
framing. No wind bracing was installed., Walls of this nature received
wallboard sheathing on the outside covered with an additional shest of
wallboard as & finish wall. Space between studs received insulation. The
inside walls wers covered with wallboard.

As this report does not deal with the phases dflfabrication, further dis-
cussion as to the mamner of preparing the drawings and assembling these
walls will not be made at this time,



DEFLFCTION TESTS ’
TALLS THREE COLUMN COMPOSITE

SUBJECTs

Walls 8! high built with 4! x 8! well panels utilizing 1" x 4" battens
as columms.

PROCEDURE:

Begle Asgumptiong:

Inagmuch a8 no criteriawere available, first efforts were a series
of cuts and tries.

The init{sl wall was to be so constructed as to leave a space for

insulation.
s dnm
1nsulation”//
Calculatione:

In order to calculate the allowable load on each composite column,
some assumptions were made:

To consider the 1" x 4" 's indivicually;
To consider them as one column three 1" x 4" 's deep;

To consider the wall panels as equivalent to & 1" x 4" wide and
uge their nominal thickness deep.

The stresses were computed in the columns, using the three basic
assumptions. :

1" x 4" 's geparately

LT8x1l2 -7 = 89"

d = 13/16

E = Modulus of elasticity = 1,800,000
A = Ares

D = Load

.

Rasically, using Fuler's formula (for long columns), the equation
is

L
But K = A

b rd
]

Fav]

(4,

LY

) ="
™
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m o,
§ - bh = %E K="z 2.5 = Factor of safety

P - (5.1416)% x 1,600,000 . ,%29F
A ( ) ‘ | (%)2

To try for ultimate, however,

P - .825E
A (3)2

Then, taking 1" x 4" 's as separate members

ﬁ&w - 10905 #/Sq.iﬂc

16
A = 3(3-5/8 x ) 8.85 sq. in.

P
A

P = 8.85 x 109,5 = 970 # per colum,

Taking three 1" x 4" '3 as a single unit

2822 x 1!egg,ggg 82% x 1,600
) (6,5

o

‘E:wsﬁﬁ.mq

A= 3(%-5/8 x %%) £ 8.85 sq. in.
P = 395 x 8,85 = 5500 #

~ Assuming the wall panels to represent pleces equal to their
nominal thickness end ecusal to & 1" x 4" in width

%.n 823 8% Og Y = 1690 #/sq. in.
(3~5716)

o
1]

2(3-5/8 x 15)A+-2(5.5/s x 3/8)
8.89 4 2,72 = 11.61
P = 11.61 x 1890 = 19,850 #

L1



The first set of calculations ig _obviously too low, the last
set 1s too high., Use the second get.

Inasmuch as roof load is equal to 735 # per truss end, and in
view of the fact there is one column every 4!, each column will
carry the equivalent of two truss ends, or 1470 £,

This allows & factor of safety of 2.38, which is adequate.

In using these assumptions, no strength has been attributed to
the wall panel materisl. It is known from tests that the panels
do contribute to the strength of the wall.

The bending moment in the upper plate of the wall is another
consideration. The maximum moment occurs at the support and is

v
»

= -5§£—3L5=5L—3 = 4410 # inches

Where ' '
Unit stress (#/sq.in.)

Moment (# inches)

Distance from neutral axts to outer [ibers
Moment of inertia (in.)%

-0 B0
[ IE1}

1 H

13 ' :
3 % 5
T S sxg;x_Lﬁaﬁlal_,, 5 x 13 x (57625)
12 12 16 x 12
T =9,65in.4

s-#ﬂ%%?ﬂ&:sm#hmm.



DEFLECTION TESTS
FALLS |

SUBJECT s

Welle 8! high, built with 4!
battens as columns,

PROCEDURE:

Bagig Assumgtiong:

Inasmuch as the initial
pleces, and were stronger than necessary, the next attempt at

thie type of wall used rigid wall board omitting the spece for
loose insulation. This

1in x 4% g,

TWO COLUMN COMPOBITE

x 8' wall panels utilizing 1" x 4"

alls were too heavy, contained too many

eliminated cne of the three sets of

S 1lnxan
== ==
== : (i’ =]
<'*'wl"xl?g" (// ‘fiber board
~— gypsum board
Caleulations:

. Calculations follow the
Euler's formula, leaving

N
TR R TR IO ]

Load (pounds)

Area (sq. in,)
Modulus of elasticlt
Length of column
Least dimension (cro

E
A

1" x 4" 's separately

823 g = ~
4825 x 1,600,000 = 10,5
2

& Po
#

T
L]

o
§

(1r)
10

=2 x (48
“* g

same pattern as in the flrst wall., Use
out the factor of safetyj where

y 1,600,000

s8 section)

;.823

x 2-5/8) = 5.89 aq. in.

= 5.89 x 109.5 = 645 #

RE
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1" x 4" 'g as a single unit

- 4828 0,¢

P -
" = 440

Wik
Az 202 x 5-5/8) = 5.89 eq. in,
P = 5,89 x 440 = 2590

1" x 4" 'skplua wall board thickness — assuming wall board to
be equivalent to & 1" x 4" wide and its nominal thickness deep,

B2 .
f = X000 = 11

5.6

A S 2.6 x B.625 = 9.4

P =2 9,4 x 1125 = 10,800 #

As in the first wall computations, the first calculations are too0
low. Discard the third set and use the second set, resulting in
a factor of safety of .

F.Se = ff%% = 1.76.

w This may be slightly low, but again no strength was attributed
to the wall board slthough tests indicated it does contribute
strength to:the wall section.

The bending stress in the upver plate iss

M = Bending moment

P = Load (pounds)
L = Length of span (ft.)
- PL . 185 x4x12
M < 4410 # inches
Whére

Unit strees (#/sq.in.)

Moment (# inches)

Distance from peutral axis to outer fibers (inches) .
Moment of inertia (inches)4

0 R
IEINIEn



I =6.45

o = 4410 x 1.8125 _
S 6,45 1240 #/sq.1in.

This agair discounts ary strength contributed to the wall from

the wall panel materisal,
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DEFLECTION TSST 138 THREE COLULN COMPOSITE.
WALL PANEL, TEST # 139 . LOADS

o L& § S |
1'x4% #l yp. e —2fEH>  ErT—— — 1

/ APD @ '

3/8" gypsum #”>

kimsul =——
. :

1* x 4" #1 y.p.

,,,,,,,,,,,,,,, e

Applied load in pounds equally distributed over points A-B-C.
Welght of wall section - 162#
Maximun deflections with total

applied load of 15004 APPLIED LOAD IN POUNDS
At AV - .03 DEFLECTIONS ARE IN 100THS OF A FI.
At BY - ,022 § g g
At C‘— 0036 e Pl ;N o
Xy i _ --%- Actual reading st
002 s C"
] X5 0=9-. Adjusted reading
5.04 to provide true
= F deflection in *.;
S.OG horizontal mem . &
= .08
S o | DEFLICTION _
A R B m 338 8¢
) B g
& 500 g 500
£.1000 X’ ‘ §1000 K
1500, . ol
51500_ > : 71500 .
Q 20001 g:zooo
2500 2500

At ' ce



DEFLECTIOH TEST 140 - THREE COLUIL CONPOSITE
WALL PANGL, "5BT #141
LOADS
A B ¢
Tty A 4 ' Y.
1%x4" #1 VoD s xRN - p

!
(@

3/16%Asbestos bd. =zl

kKimgul ——>
[

et

Al : ¢!

1

AT

Applied load in pounds egually distributed over
Weight of wall section -169%

Maximum deflections with total

‘applied load of 2090#

=Ny, N

4

points A-B-C.

At A - 039 APPLIED LOAD IN PJUNDS
At B* - 019 DEFLECTIONS ARE IN 100THS OF 4 FT.
LI 9048
-=X-- Actual reading at Ct. oo i :
¢ o- Adj}usted reading to 02 Xsl
provide true deflec- - \km # -
. tion in top horizon- =1 04 ey ‘% panel cracke
tal members. . A‘K
.06 3
go
DEFLECTION .08 N DEFLEEOTION
538 89 | 33883
| B! T
g 500 s 500 L |
Z - 2 i |
©.1000—% 21000 ) L
) 3‘74 B o
Z 15 \ 500 \ | .
SR bk ‘\\ |
g %0 52000 L
3 ~ : .
250( 25000 ! L

A L ce
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TWO COLUMN COMPOSITE

LOADS
A B C
LY Y A A
1"}(4" #1 yopo “\ialzur T e ) \ ?
44 S - ; . y
3/4% fibver boardé —t—— \B/D '
|4

1/2% cyrsun /ML'

} 4
Aosplied load in pounds équally distributed over points A-B-C.
Neight of wall section - 144#. APPLIED LOAD IN POUNDS
7 DEFLECTIONS ARE_IN 100THS OF A FT.
saximum deflections with §
total applied load of L290# , A Q
At AV - ,039 ‘ e --x-- Actual reading at Ct.
At BY - 001 JORL = o-o0- Adjusted reading to
At CY - 042 04 . srovide true deflec-
) X tion in top horizonm-
.06 tal members.
perpcrroy % DEFLECTION
& 38 87. 838 873
. B’ [ . v
500 500
1000 1000 \
N \ ) . %
1500 ' 1500
2000 2000
2500 2500 |

At W)
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PEFLECTION TEST

; o TWC COLUMN COMPC3ITE
WALL PANEL,TLoT #143 V

Applied load in pounds equally LOADB
distributed over points A-B-C, A ’ - B C
m Y v A
1"x4" #1 y,p,m\ﬁaé D = 1

H‘<

— D ;
374" fiver board Tt ;>

)

3/16" Asbestos
Board

PN

/i) L

- W | i : " {
Q ‘éﬁu‘ TR R IR TR R TR 7RSI,
3 , APPLIED LOAD IN PCUNDS
‘ DEFLECTIONS ARE IN 100THS OF A FT.
Wodght of wall section - 137# § § § § §
Maximun deflections with total A <o
appMgd load of 1280# o v
At BY - ,013 & \
At C! - 079 =04 b
E .
5.06 ."u
(DEFLECTION =408 \‘y — DEFLE fICE
5 388" « 228 %
- : B Lyl
--X-~ Actual read- KT T 7
500\\ ing st C', c-o-Ad- 500 K ‘ .

Justed roading to

79

tion in top horlzon- 1500

tal membsrs.

LOAD IN POUNDS
| ued
<

2000— 2000

b
1 orovige true deflec- loog—-—»w—-——xrgA '
!
!

25 | 2500 |

Al ct



DEFLECTION TEST TWO COLUMN BINGLE WEB
#ALL PANEL, T=8T # 144

il

lika

-]
1"x4" #1 y.p.- 1wigg,‘Aj:2

3/4%tiber board
~Asphalt coated,
outer sufface
with roofing
granuleS»ar—*wzﬁ~,wv4%

, 1" x 4" #1 y.oi

L

Ny

=
1
o 2/ NS NN ORI

——

Applied load in pounds equally distributed over points A-B-C.
Welght of wall section - 82#

A°PLIED LOAD IN POUNDS
DEFLECTIONS ARE IN 100THS OF 4 FT.

Maximum deflections with § § § §
total applied load of 1190# § 9 2 8 «
At A' - 0064 -
At BY - 006 n --X-- Actual reading at C'.
At C* - ,064 om0 K o~0- Adjusted reading to
& Al | provide true deflec-
S‘O RN tion in top horigzon-
E'OGL— - tal members.
a o8 x |
DEFLECTION ' o D%FLECTI o
g 38 8 3 e T LE
2 500 T | B 500
: [+ 9 d
£ 1000 \m B 1000 =\
& 1500 Q1500 b
3 S2000
Q 2000
2500 2500

At 1




WALLS
SUMMARY

The sandwich type of wall, when the weight is gotten out of it, offeras a
quick and not too expensive mamner of creating a complete well unit either
in the shop or at the project site. Most successful assemblies of these
components were those in which complete walls were put together on the
oreviously prepared floors of the actual structure where the walla were

to be erected. '

The lighter well shown in Test #144 was ezsily handled in lengths up to
203, but as soon as the lengths exceed this, the unit beceme bulky &nd
there was a tendency to twist in hendling. It would appear the practical
length for a shop-fabricated unit of this type should not exceed twelve
feet, ' '

The interesting observation on this wall is that it possesses unusual
structural value for the lightness of its members and offers good posai-
bilities for further finish. Should an owner see fit to apply siding,
shingles, or brick venmeer to this exterior or wallboard to the interior,
such finishes could easily be applied, employing the battens as studs.

The further development of this type of wall could make demountability
very simple. The solution ldes in providing wood screws at certain points
where in these initial studies nailing was employed.

Simple standardization is possible with these sandwich-type walls. The
four foot component lends itself well to receiving a door frame in which
the casings are sufficiently wide to engage the battens. Simple windows
may be secured either between these battens or, by use of a plain plemk
freme, to the exterior of these battens. It should be observed that in
using this wall consideration should be given to a type of jamb at the
doorg which would permit the application of a screen door without the
necesslity of extending the width of the jaub. '

The window frames should be so constructed that should an additionel ex-
terior material be put over the outside battens adequate stile width
would remain to receive this additional material. These stiles should be
sufficiently thick (not less than %/4") to permit the applic%tion of an
outside casing if desired.

In the use of 1" x 4" in the manner described for these sendwicn panale
it is importent that the material employed for battens be either impreg-
nated or painted four sides so the tanmic acid in the wood will not stain
the wall panel materisl.
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March 1, 1944
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WALL DEFLECTION READING
UNIT B-18 "

The following five graphs indicate the deflections presented in the walls
employed in test Unit B-13, 2410" x 3210",

The wall construction of this unit employs the materials and construction
developed from Wall.Test #142.

Readings were taken vertically along the battens both inside and outside
the unit, and the resulis recorded in 100ths of a foot.

The small plan indicates the points or stations at which these readings were
taken.

Elevations cof readings indicate the dlstances above thé bagse of the wall at
which readings were teken, glven in inches.

Deflections provide the scsle for the deflection readings, given in 100ths
of a foot,

i

Bach graph 1s marked to tell the station to which it applies°

Section graphs indicate the position of the materlals in the wall in rele-
tion to the larger graph, These smaller graphs also indicate the materiels
employed in the wall.

On the graph teken at Station A, the wall materials are described; on thet
taken at Station E, thelr thickness in 100ths of a foot are given.

The lower case notes within the body of the graphs indicate the planes
along which the readings were taken. Observe th. manner in which these
readings reverse themselves between Stations C and D. Thls was done in
order that a comparieon might be made between the deflections shcwn for
Stetions A and B and opposite Stations D sad E from a theoretlcal poin. of
obgervation to the south of the structure.
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REFERENCE SKETCH IDENTIFYING LINES ALONG WHICH
FLOCK TRUSS TEBT #1256  DEFLECTION READINGS WORE TAKEN,
HOOF TRUSS ’IE‘TEST FI4  8CALE: 1/8" nQUALS ONE FCOT,

B

UNIT=B-13
24'0" x 32'0" .



FEET)

®
o
N

DEFLECTIONS
[ IN 100THS OF
R

X O

FQ

PR
&3
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2
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t

CEILING DEFLECTION

TRUSSES SUIPORTED AT ENDS.

85

CARRYING FULL SPAN CEILING,

DESCRIPTION OF TRUSS SEE FIG.,p.58 INSULATICN AND ROOF L0OADS.

ot

Reference sketch for Unit-B-1%

identifies lines along which
readings were taken
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D

JoFLuCTION TESTS TRUSS2S SUCPORTZD AT ZNDS.

] ) NO RGCF OR CEILING LOADS.
SR DASCRINTION OF Tilou SCB FIG.p.35 CARKYING 15/16"0aK FLOCR,
1/2*GYPsUL. BOAKD.

FLOOR DEFLECTION
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readings were taken
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ELEVATIONS OF READINGS
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ELEVATIONS OF READINGS
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WALL DEFLECTION RFADINGS

UNIT B.l . ) .

The following five graphs indicate the deflections present in_ the walls
employed in test .Unit B-15, 24'0" x 32'0",

The wall construction of this unit employs the materials end construction
developed from Wall Test # 143

Readings were taken vertically along the battena both inside and outside
the unit, and the results recorded in 100ths of a foot.

The small plan indicates the polnts or stations at which these readings were
taken.

Elevations of readings indicate the distances above the base of the wall at
which readings were taken, given in inches.

Deflections provide the scale for the deflection readings, given in 100ths {
of a foot.

Fach graph is marked to tell the station to which it applies.

Section graphs indicate the position of the materials in the wall in rela-
tion to the larger graph. These smaller graphs also indicate the materials
smployed in the wall,

On the graph teken at Station A, the wall materials are deseribed: on that
taken at Station E, their tnlcxness in 1C0ths of a foot are given.

The lower case notes within the body ol the graphs indice‘e the planes
along which the readings were taken., Observe the manner in which these
readings reverse themselves between Stations C and D. Tris was done in
order that a comparison might be made between the deflections shown for
Stations A and B and opposite Stations D end F from & theoretical point of
observation to the aouth of the structure.



REFERENCE SKETCH IDENTIFYING LINES ALONG WHICH
FLOOR TRUSS TEBT #124 DEFLECTION READINGS WERE TAKEN.
ROOF TRUSS TEST #1365 SCALE: 1/8" EQUALS ONE FOOT.
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FOR DESCRIPTION F TRUSSAS CARRY ’TALLS,CEILIE“EGS,INSUL%%ICE‘E,
TRUSS SEE FIG., P.28 ROOF LOADS.
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DEFLECTINNS

(GIVEN 1IN looTis

DEFLECTION TESTS

FLOOR TRUBS TEST,# 124

FOR DESCRIPTION OF
TRUSS BEL FIG,.

TRUSSES SUPPORTLD 48" FRCN EACH ©ND,

IN AD ITION TO SUSPENDED FLOOR LOAD,
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EILING AND RAFTNR CTION READING
UNIT B-22 B -

The following six graphs indicate the deflections present in the ceiling and
rafters employed in test Unit B-22, 20'0" x 24'0".

Readings were taken as indicated on plan showing locstions of stations.

" The first four graphs indicate readings taken at “4" intervals along the

lower face of the 2" x 4" members acting as roof rafters over the rear
portion (east half) of the Unit.

The line under each graph indicates the position and direction of the arti-
cular readings.

The inches indicate polnts along rafters at which respective deflections were
recorded.

Deflections given are in 100ths of & foot.

The second two graphs provide readings taken across the rafters and along
the lower face of the sub-roof which acts as a ceiling in thls east half
of the Unit, ‘

These readings were tuken along positions indicated as K - L and M - N, at
intervals as shown in sketch "Section of Celling."

- It will be observed the odd numbered points have a definite relation to the

deflection of the rafters, the readings at these odd numbered points corres-
ponding closely to those teken along the rafters.

The line under each graph indicates the position =nd diraction of the parti-
cular resdings.
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WAL CTION READINGS

The followlng three graphs indicate the deflections present in the walls
employed in test Unit B-22, 20%0" x 24!'Qn",

The wall construction of this unit employs the materials and comstruction
developed from wall test #1l44.

Readings were taken vertically along the battens both inslde and outside
the unit, and the results recorded in 100ths of a foot.

The small plan indicates the polnts or stations at which these readinge
were taken.

Elevations of readings indicate the distances above the base of the wall at
which readings were taken, given in inches. ‘

Deflections provide the scale for the deflection readings, given in 100ths
of a fout,

Each graph is marked to tell the station to which it applies.

Sectlon graphs indicate the position of the materials in the wall in rela-
tion to the larger graph. These smaller graphs also indicate the materials
employed in the wall, <

On the sraph tsken at Station X, the wall materials are described; on that
taken at Station Z, thelr thickness in 100ths of a foot are given.

The lower case notes within' the Jody of the graphs indicate the planes along
which the readings were given. ;
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