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Abstract approved:

The object of this investigation was to develop an analytical
method for the calculation of stresses in I-beams with rectangular
holes in the web. Two fabricated steel I-beams of the same dimen-
sions and material, one with a solid web and the other with five rec-
tangular holes cut in the web, were instrumented identically. Similar
load tests were performed on the two beams in order to assess the
change in stress caused by the rectangular holes in the web.

The results of the first series of tests produced a variation in
strain pattern, but no rational theory was found to explain the change.
It was decided that the concentrated loads in the immediate proximity
of the holes were adding another variable in addition to the shear and
bending moment on the section and therefore at least one of these
effects should be eliminated.

For the second series of tests the beams were loaded with the



loads so far removed from the instrumented holes that their effect on
the strains around the instrumented holes was negligible. The meas-
ured strain readings in all instances showed reasonable agreement
with calculated strains,

The calculated strains above and below the holes were obtained
by adding algebraically the strain caused by each of the following two

loadings (11, p. 145, 146):

MY
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(1) The strain calculated from the formula ¢ =
where ¢ is the required strain;

M is the bending moment at the point of inflection
which for rectangular holes, as were used in these
tests, is at the center of the hole;

Y is the distance from the neutral axis to the point
in question;

E is Young's Modulus for the beam material;

1 is the moment of inertia of the beam cross-section
at the line of inflection which for these tests was
at the center of the hole,

(2) The strain resulting from one-half the shear at the section
acting at the center of the span of the hole. This results in
a cantilever beam, whose length is one-~half the widtH of

the hole and which has a force equal to one-half the shear at

that section acting on the end of the cantilever. The proper



direction of the shear force must be assigned to each canti-
lever. The formula used to calculate the strain is the same
as (1) but in this instance,

€ is the required strain;

M is the product of one-half the shear and the distance
the section in question is from the center of the
hole;

Y is the distance from the point in question from the
neutral axis of the Tee-section;

E is Young's Modulus of the material in the beam;

I is the moment of inertia of the Tee-section.

The following are the conclusions gathered from the test re-

sults:

(1) The algebraic sum of the strains calculated as described
above proved good estimations of the actual strains in the
portion of a beam above or below the rectangular holes in
the steel I-beams tested.

(2) The strain in the immediate vicinity of the vertical sides
of the hole is small and it increases as the distance from
the hole increases. Therefore, instead of reinforcing the
vertical sides of the hole, this reinforcing material should
be added to the horizontal reinforcing to extend from the

edge of the hole back onto the solid web of the beam to give



extra material to carry the load caused by the shear on

the cantilever beam.
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EXPERIMENTAL INVESTIGATION OF STRESSES IN STEEL
I-BEAMS WITH RECTANGULAR HOLES IN THE WEBS

INTRODUCTION

This dissertation is an account of experiments with two I-beams
fabricated from A-36 steel, one of which had five rectangular holes
cut in the web. The aim of the experiments was to find the magnitude
of the stresses caused by the presence of the holes and to formulate
a method for calculating these stresses.

The solid web I-beam has many advantages which explains its
wide application in structures., They are economical to fabricate and
have considerable flexibility because (1) the flange width and thickness
can be varied and (2) the web thickness and depth can be varied.

There is also the advantagé that holes may be cut in the web at
desired locations to accommodate ducts or mechanical pipes. This
last advantage has been greatly abated because of the common prac-
tice of reinforcing around these holes, By calculating the stress
increases caused by the holes, only the areas where the total stresses
are above the allowable need to be reinforced.

To the author's knowledge the following are the principal inves-
tigations and hypothesis related to steel I-beams with rectangular
holes in the webs. Roark (11, p. 145, 146) assﬁrned that the tee

beams above and below the hole had a point of inflection at midspan



of the hole due to the moment resulting from the shear. Therefore

he hypothesized that the total stress at points in the tee sections

above and below the hole is equal to the algebraic sum of two stresses;
(1) the flexural stress at midspan of the hole calculated from the

total moment acting on the net section (i. e. excluding the hole); and
(2) the flexural stress at the point in question calculated from the
moment on the cantilever tee beam whose length is one half the span
of the hole with a concentrated load equal to one half the shear acting
at the free end). Roark's hypothesis is commonly referred to as

the Vierendeel method.

Some research has been done by the Texas Engineering Experi-
ment Station; Texas A and M College, on beams with reinforced holes.
This research was primarily concerned with the amount of rein-
forcing required around the holes in order that the load carrying
capacity of the beam at a section through the hole was not reduced
because of the hole. The procedure followed was to reinforce the
holes and then test the beam to failure. The reinforcing was con-
sidered adequate if the section supported a load equal to a similar
section without the hole.

J. E. Bower (9) carried out tests and did a theoretical elas-
ticity analysis on 16 WF 36 beams. The stresses in the elasticity
analysis are computed as the sum of stresses occurring in the beam

when there is no hole, basic stresses, and the stresses occurring in



the beam as a result of forces applied to the boundary of the hole,
perturbated stresses. These latter forces are applied so that the
resulting perturbated stresses and the basic stresses satisfy a
required boundary condition of zero resultant force at the hole.

The radius of the fillets at the corners of the holes was one
quarter of an inch. This small radius accentuates the effect of the
corner as a stress riser,

Mr. Bower found good agreement with experimental results
and the elasticity analysis at the corners of the holes. The experi-
mental bending stresses at the low-moment edge of the holes agree
better with stresses predicted by the elasticity analysis than with
the predictions of the Vierendeel analysis, except at the flange.

He concluded that the predictions of the Vierendeel analysis pro-
vided a reasonably accurate prediction of the stresses in the vicinity
of a rectangular hole., He also suggests that better agreement could
be achieved if the point of inflection was assumed slightly closer

to the high-moment side of the hole instead of at the center of the
hole.

Richard G. Redwood and John O. McCutcheon (15) investigated
the effect of rectangular holes in the webs of 8 WF 17 beams. The
beams were coated with whitewash in the region around the openings
to indicate yielding. The flanges and the webs were reinforced in

order to ensure failure at the holes. The beams were tested to
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failure. The moment at the opening was plotted against the deflection
at the midpoint of the beam in each instance.

Their conclusions are as follows:.

1. Under pure bending the moment capacity of the beams
with one or two openings can be calculated based on the plastic
modulus of the net section through an opening.

2. The presence of shear reduces the moment capacity of
the beam at the opening below that for pure bending. The reduction
is a function of opening shape, dimensions, the spacing of openings,
and the shear/moment ratio., The influence of a second opening at
a given spacing also depends upon the rate at which the moment
capacity decreases as the shear/moment ratio increases for a single
opening of that particular type.

3. A single rectangular opening reduces the capacity to 40%
of Mp at shear/moment ratio = 0,425, The presence of an identical
adjacent opening produces a very small reduction in strength when
it is spaced a distance equal to the opening depth from the more
heavily loaded opening. When the spacing is half the depth of the
opening there is a significant decrease in strength at the higher shear /
moment ratios which results from buckling or tearing, or both, of

the web between the openings.



OBJECT OF TESTS

The object of these tests is to develop an analytical method for
the calculation of stresses in steel I-beams with rectangular holes
cut in the webs. The stress distributions are studied with the purpose
of predicting if reinforcing is required around a hole, and if reinforc-
ing is required, where it would be most advantageously located.

One present practice is to place reinforcing around the perim-
eter of the hole. The quantity of reinforcing is calculated from empir-

ical formulae.



TEST SPECIMENS

Description of Specimens

The two beams used were fabricated by continuous machine
fillet welding of 1/2' x 4" flange plates to 1/4" x 14" web plates as
shown in Figure 1. The beams were 12'6" long. The beams were
chosen in proportions such that the '"1d/bt" ratio of the unsupported
length always remained close to 600. The span of 12'0" and the maxi-
mum load required were chosen in order that they could be accommo-
dated in the space provided for the experiments and by the testing
machine assigned to provide the load.

The over-all specimens are 15" high and 12'6" long. Dimen-

sions of the web holes are as shown in Figure 1.

Properties of Specimen

All beam material is ASTM A-36 steel.

Modulus of elasticity of steel E =29 x 106 psi
Moment of inertia of section I=268.25 in4
Area of section A =7.501in

.2
Area of web Aw = 3.50 in
Web thickness tw =1/4 in.
Flange thickness 1:f =1/2 in.
Flange width w_. = 4 in.

f
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Figure 1. Details of two test beams,

1/8"
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Total depth of I-beam d =15 in.
Clear distance between flanges h =14 in.

Moment of inertia of cross-~

section through a hole I= 259.46 in4
Moment of inertia of tee~cross-
. . 4
section above and below a hole 1 =2.79 in

Instrumentation of Specimen

As stated previously, this investigation is to establish an analy-
tical method for the calculation of stresses in I-beams with holes cut
in the webs. The location and number of gages was chosen to obtain
a record of the stresses in the areas most affected by the presence of
the holes in the web. To evaluate the change in stress caused by the
holes more realistically, gages were placed on the solid beam in the
same locations and with the same designation. The locations and
identification markings of the gages on the perforated beam and the
solid beam are shown in Figures 2, 3, 4, 5 and 6 respectively. After
preliminary tests were run and an hypothesis of the behavior was
formulated, additional gages were placed in the vicinity of the holes
to further substantiate the conclusions. The location of these gages
is shown in Figure 3. Baldwin SR-4 gages, type A-12, and Rosettes,

type AR-3, were used.
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Figure 2, One-half of beam with holes showing all gages and rosettes.



10

®
0
Gl G8 {
[ |
¥ G2
m — — T
K G28 G32
i R1 R = R5 _
& , l/ &
o ‘4 Gz9 G3  g33 |
~ N\ C
<
G7 “
R4 g
[22]
s" C\ll
2
3
Gé °
2
N J \ N
G30 G34 R «
—_— R2 L2V g S22
8 ‘ ;
- ) ~
A G31 G35
¥ G5 Yy
i
G 23 G24 1
1-3/4" | 1.1/2% |1-1/2" I 1-3/4"J g
| T T N "1 -
Scale - 3/8" = 1"

Figure 3.

Location of gages and rosettes around the 5" hole.



11

Scale - 1/4" = 1"

Figure 4. Location of gages and rosettes around the 9'' hole.
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APPARATUS

All gaging elements were connected through three 20-point
switch-balancing units to Baldwin Type K and Type N strain indi-
cators. Figure 7 indicates instrumentation, wiring, switching and
indicators.

Loading was performed on a Rhiele 150, 000 lb. mechanical
testing machine with a beam arm. Figures 8 and 9 show the two
beams in place for testing. Deflection measurements were made
with a detached level telescope arranged to read midspan deflections

as shown in Figure 10.
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balancing units and strain indicators.

. Switch-

Figure 7



Figure 8. Solid-web I-beam in position in Rhiele Testing Machine.




Figure 9. Beam with holes in position in Rhiele Testing Machine.



Figure 10. Method used for measurement of deflection at center of

beam.
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TEST PROCEDURE

Preliminary Test

The beams were placed in the testing ma chine, the control beam
first then the perforated beam. Zero readings were taken for the
strain gages. The loading was applied as follows: (1) a 1,000-1b.
increment, (2) a 3, 000-1b. increment, (3) 4, 000~-1b. increments to the
nearest load below the maximum load that was evenly divisible by
4,000 required to bring load to the maximum allowable. The loads
were held constant between increments and strain gage readings were
taken. The deflection on the center point of the beam was also

taken.

Final Test

The final test procedure was similar to the preliminary tests
except that extra gages were added and the location of the application
of the load was changed in order that the load influence on the strain
readings on the gages would be minimized. In each test the predicted
strain of the gage was calculated and compared to the strain recorded
by the gage. The perforated beam was loaded to failure on the final

test run,
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DISCUSSION OF RESULTS
Solid Beam

Tables 1 to 36, inclusive (Appendix A) list the strain readings
for each of the load increments on the solid beam. Tables 1, 2 and 3
illustrate the general agreement of the values of strains calculated

My
using the formula € = I with the strains measured for the same
loads. Location of the gages is shown in Figure 6.

The strain readings with the loads at 38 in. and 35 in. from the
supports as listed in Tables 2 and 3, respectively, were somewhat
influenced by the proximity of the load. The strain readings in
Table 1 with the load applied at the center of the span would be
affected very little because of the greater distance the gages were
removed from the load.

The discrepancies between the calculated strain and the meas-
ured strains are not proportional to the magnitude of the strains but
are a unique percentage of the strain at each gage which indicates an
error in the measuring equipment and/or a change in the response
of the portion of the beam where the gage is located. These differ-

ences between the measured and calculated strains will be referred

to again when discussing the perforated beam.



Table 1. Solid Beam -~ Load at Centerline.

Calculated Run No. 1 Run No. 3
Gage Strain Strain Strain
No. (x10-6in/in) (xlO-éin/in) (x10—6in/in)
G-1 -215 -187 -183
G-2 -183 -162 -160
G-3 -125 -104 ~103
G-4 +125 + 96 + 98
G-23 +215 +182 +177
G-8 -244 -210 -214
R-5-H ~142 -120 -124
G-7 - 71 - 70 - 63
R-4-H 0 0 - 12
G-6 + 71 + 57 + 57
R-3-H +142 +122 +122
G-24 +244 +205 +203
G-17 -383 -354 -348
R-8-H -223 -200 -203
G-16 -111 -112 -105
R-7-H 0 0 - 12
G-15 +111 + 82 + 90
R-6-H +223 +177 +190
G-26 +383 +333 +342
G-18 -429 -400 -391
G-19 -366 -353 -347
G-20 -250 -249 -242
G-21 +250 +197 +200
G-22 +366 +322 +328
G-27 +429 +380 +384
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Table 2. Solid Beam - Load 38 in. From Each Support.

Calculated Run No. 1 Run No. 3
Gage Strain Strain Strain
No. (x10_6in/in) (x10_6in/in) (x10_6in/in)
G-1 ~418 -362 -359
G-2 -355 -317 -318
G-3 -244 -209 -212
G-4 +244 +193 +193
G-5 +355 +303 +303
G-23 +418 +363 +365
G-8 -475 -409 -409
R-5-H -277 -262 -260
G-7 ~-138 -140 -143
R-4-H 0 - 37 - 28
G-6 +138 +104 +105
R-3-H +277 +208 +217
G-24 +475 +414 +417
G-17 -661 -562 -557
R-8-H ~386 -375 ~-381
G-16 ~-193 ~-182 -179
R-7-H 0 8 - 15
G-15 +193 +161 +165
R-6-H +386 +325 +310
G-26 +661 +596 +600
G-18 -661 -587 -585
G-19 -562 -522 -522
G-20 ~386 -371 -370
G-21 +386 +308 +310
G-22 +562 +502 +500

G-27 +661 +613 +600




Table 3. Solid Beam - Load 35 in. From Each Support.

Calculated Run No. 1 Run No. 3
Gage Strain Strain Strain
No. (xlO-éin/in) (xlO-éin/in) (xlO-éin/in)
G-1 -452 -392 -400
G-2 -385 -343 -353
G-3 -264 -227 -240
G-4 +264 +210 +209
G-5 +385 +330 +329
G-23 +452 +397 +397
G-8 -515 -440 ~450
R-5-H -300 -288 -300
G-7 -150 -153 -163
R-4-H 0 - 27 - 35
G-6 +150 +120 +117
R-3-H +300 +240 +240
G-24 +515 +454 +457
G-17 -660 -579 -571
R-8-H -384 -376 -390
G-16 -192 -194 -193
R-7-H 0 - 29 - 17
G-15 +192 +1 54 +153
R-6-H +384 +312 +323
G-26 +6 60 +593 +605
G-18 -660 -589 -587
G-19 -560 -522 -520
G-20 -384 -367 -360
G-21 +384 +305 +301
G-22 +560 +495 +495

G-27 +660 +590 +592
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Beam With Holes - First Set of Tests

Tables 37 to 76, inclusive (Appendix A), list the strain readings
for each of the load increments on the perforated beam with the loads
applied 35 in. and 38 in. from the supports. A study of the strains
measured on the beam produced no analytic approach to predict the
measured values. It was decided that the concentrated loads in the
imm ediate vicinity of the holes were adding another variable in addi-
tion to the shear and bending moment on the section and therefore at
least one of these effects should be minimized or eliminated.

Tables 77 to 100, inclusive (Appendix A) list the strain readings
for each load increment with the load applied at the center of the span.
Table 4 shows the strains calculated from the formula e = %I!_ and
the measured strains for the three test runs with the above loading.
Location of th‘e gages is shown in Figures 3 and 4.

Gages G~1, G-23, G-18 and G-27, located on the top and bottom
flanges on the centerlines of the 5-in. and 9-in. holes, respectively,
show good agreement between the solid beam and the perforated beam.

This was predictable because the gages are located on the hypo-
thesized line of inflection at mid-point of the tee sections spanning the
hole as shown in Figure 11, Therefore the shear will cause no bend-

ing moment at this section and the total strain will result from the

bending moment caused by the applied load. This is the same condition
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Figure 11,
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Assumed deflected shape (exaggerated) of the hole caused by shear.
centerline marks the inflection line of the curve,
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as for similar gages on the solid beam and the strains should differ
only in proportion to the reduction in the moment of inertia of the sec-
tion caused by the hole. The moment of inertia of the solid beam is
268. 25 in. 4 and the perforated beam is 259. 46 in. 4 which is a reduc-
tion equal to 3, 28% of the moment of inertia of the solid beam.

Gages G-2, G-5, G-19 and G-22 (see Table 4) also show similar
agreement with calculated values on the two beams. As stated above,
these gages are also located on the hypothesized line of inflection and
therefore are only affected by the bending moment produced by the
applied loads.

Gages G-3, G-4, G-20 and G-21 show no greater differences
between the calculated and the measured strains on the perforated
beam than on the solid beam. These gages are again located on the
assumed line of inflection. They are located further from the neutral
axis of the tee section than the two other gages discussed above and
therefore would be more sensitive to the effect of the hole if the line
of inflection were not directly on the centerline of the hole as was
assumed. A slight change in the inflection line could be caused by
the permitted variations in the dimensions of the beam and/or by the
irregularities in the surface around the hole. This is common when
an oxygen cutting torch is used.

Gages G-8 and G-24 on the solid beam show agreement between

calculated and measured strain values similar to many of the other
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gages on this beam. On the contrary, these gages on the perforated
beam show measured values greater than the calculated values. This
is rationalized as being caused by the effect of the shear acting at the
center of the hole which in this instance would cause added compres-
sion on G-8 and added tension on G-24. An analytic method for pre-
dicting these strains is not presented because the gages are located
in the area where the effective section is transforming from the tee
section above and below the hole to the solid web section at some
distance removed from the hole. There were not enough strain read-
ings to plot the strain pattern in this transformation area.

Gages R-5-H and R-3—H, which are the horizontal arms of the
respective rosettes, show similar discrepancies between the calcu-
lated and measured strain values. These discrepancies were predict-
ed as it was hypothesized that the shear acting at the center of the

hole would cause tension on R-5-H, cancelling a portion of the tension

caused by the bending moment. The measured strains of R-5-H show
a slight predominance of the bending moment effect as the measure-

. -6 . :
ment was negative (average measurement was -16 x 10 ~ in. /in.) and
the measured strains of R-3-H show the shear effect to be the largest
as the measurement was also negative (average measurement was

-6

-40 x 10 ~ in. /in. ). In these instances, as above, the hypothesis of
the cause of these strains is supported by the measured values.

Gages R-1-H and R-2-H were not on the solid beam. The
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measured strains on the perforated beam further confirm that the
shear acting at the point of inflection at the center of the hole is the
second contributing cause to the total strain. The first is the total
bending moment on the section. Gage R-1-H would have compression
strain caused by the bending moment and compression strain caused
by the shear. The measured strain was much larger than the strain
calculated from the bending moment on the section (calculated strain
was =105 x 10“6 in. /in. and the average measured strain was

2225 %107 in. /in.). Gage R-2-H would have both the strain caused
by bending moment and the strain caused by shear as tension. The
measured strain in this instance also was much greater than the
strain calculated from the bending moment (calculated strain was
=109 x 10“6 in. /in. and the average measured strain was

-209 x 10°° in. /in. ).

Gages G-7 and G-6 show comparable values for the calculated
and measured strains on the solid beam. On the other hand, these
gages measured very nearly zero on the perforated beam. This was
attributed to their proximity to the vertical edge of the hole. The
strain conditions of these points are similar to the conditions in the
web material adjacent to the vertical edge at the free end of a beam.

Gages R-4-H and R-7-H are at the neutral axis of the beam and
therefore the calcuilated strain for both beams was zero. The

measured strains in all instances were zero or very small.
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Gages G-9 and G-25 were placed only on the perforated beam.
They are located 4. 75 in. from the edge of the 9~in. hole. In all
instances, the measured strain values differ from the strain values
calculated for a solid beam such that the differences could be ex=-
plained by the Vierendeel theory (11, p. 145, 146).

Gages G-10 and G-13 were also placed only on the perforated
beam. The measured strains on both these gages also could be ex-
plained as being caused by the bending moment and the shear applied
at the center of the hole length. The gages are also in the transfor-
mation area and therefore no strain was calculated.

Gages G-11 and G-13 were placed only on the perforated beam.
Both gages indicate measured strain values which could be explained
by the application of the shear force as described above.

The remainder of the gages listed in Table 4 conform well to
the hypothesis described previously for gages in similar locations
relative to the holes. Because most of these gages were located in
the area of the beam where the effective section was somewhere be-
tween the tee section above and below the holes and the solid web of‘

the beam no strains were calculated.

Beam With Holes - Second Set of Tests

Inspection of the strains of the first set of tests indicated that

two loading conditions could be used to calculate the strains in an
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Table 4. Beam With Holes - Load at Centerline.

Calculated Run No., 1 Run No. 2 Run No. 3

Gage Strain Strain Strain Strain
No. (xlO_éin/in) (x10-6in/in) (xlO-éin/in) (xlO-éin/in)
G-1 -215 -180 -181 -183
G-2 -183 -155 -162 -163
G-3 -126 ~142 -145 -139
G-4 126 133 138 139
G-5 183 149 156 158
G-23 215 158 168 167
R-1-H -105 -230 =216 -230
R-2-H 109 203 217 208
G-8 -236 -295 -300 -302
R-5-H -138 - 15 - 16 - 17
G-7 - 69 - 16 - 17 - 17
R-4-H 0 - 13 - 19 - 13
G-6 69 - 3 - 2 - 4
R-3-H 138 - 45 - 35 - 40
G-24 236 269 285 288
G-9 -336 -284 -284 -284
G-10 -196 -262 -260 =267
G-11 - 98 -137 -140 -139
G-12 0 3 0 3
G-13 98 137 150 146
G-14 196 245 252 257
G-25 336 265 272 275
G-17 -371 -218 -224 -224
R-8-H -216 ~458 - 50 -459
G-16 -108 - 40 - 41 - 43
R-7-H 0 - 20 - 10 - 22
G-15 108 23 28 27
R-6-H 216 439 443 447
G-26 371 192 200 200
G-18 -431 -361 -359 ~364
G-19 -366 -340 -341 -341
G-20 -252 -290 -288 -289
G-21 252 245 254 255
G-22 366 339 340 338
G-27 431 367 368 373
R-10-H -269 - 8 - 3 - 9

R-9-H 269 -103 - 90 ‘ -102
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I-beam with holes cut in the web (11, p. 145, 146). The following

are descriptions of the two calculations:

(1)

(2)

First, the strain at any point caused by the bending moment
at the center of the hole can be calculated from the

formula,

_ My
T EI

3
where € -horizontal strain at that point caused by the
bending moment;
M -the bending moment at that center of the hole;
y -distance of point from the neutral axis of the
beam:;
E -Young's Modulus for the material;
I -the moment of inertia of the section about the
neutral axis.
Second, the strain at the point caused by the shear across
the span of the hole. The following hypotheses are made:
(a) Because the cross-sections above and below the holes
are identical, one-half of the shear at the section will be
carried by each of the top and bottom tee-beams, respec-
tively. (b) Because the tee-sections are uniform along the
span of the holes, the point of inflection will be at the

center of the span of the hole in each instance. (c) Each
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section of the tee beams above and below the holes is con-
sidered a cantilever beam whose length is one-half the
span of the hole with a force equal to one-half the shear on
the section acting at the free end. The proper direction of
the shear force in each instance is assigned to each of the
four cantilever beams. This theory was presented by
Roark (11, p. 145, 146).
To check this thoery, strain gages G-28 to G-39, inclusive
and rosettes R-11 to R-14, inclusive, were placed on the perforated
beam in the locations shown in Figures 2, 3 and 4. The load was
applied at midspan.
The following is a sample calculation of the predicted total

horizontal strain at G-29 for a load of 20 kips at the centerline. The

M :
1Y
strain attributed to the bending moment on the section e, T
EIZ
where £ =.the strain;
Ml =the bending moment at the centerline of the hole;
y =the distance from the neutral axis of the I-beam to
G-29;
I2 =the moment of inertia of the I-beam through the
hole;

E =Young's Modulus for the steel = Z9x103 ksi.

:, = 225 kip 1n.3 kfc - 4, 25 in. - 127.0 x 10-6 .m.
29.00 x 10 —193 x 259. 46 in.

in,
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e, is the compression and therefore is negative.

1
-6 . )

e. = .127.0x 10 in. /in.
1

sz
The strain attributed to the shear on the section €5 ZEI

3
where €5 - the strain;
M2 - the bending moment in the tee section above the hole

caused by the shear, whose value is the product of
one-half the shear at this section of the beam multi-
plied by the distance from the centerline of the gage
to midspan of the hole;

y - the distance from the neutral axis of the tee section

above the hole to G-29;

13 - the moment of inertia of the tee section above the
hole;
3 .
E - Young's Modulus for the steel = 29x10~ ski.
:, - 5.0 k1ps3xk1'. 5 in. x 2.46 ;n. - 228 x 10—6 ?n.
29 x 10 —lp—z—xz.m in. 1.

in.
Therefore calculated horizontal strain at G-29 equals the algebraic

+
sum of 81 82

= -127 - 228 = -355.0 x 10'6 =
in.

The strains measured for G-29 were as follows
-6 . )
Run #1, -33 x 10 ~ in. /in.

Run #2, -333 x 10’6 in, /in.
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Tables 101 to 120, inclusive (Appendix A), list the strain read-
ings of the gages on the perforated beam with the load at the center-
line. Table 5 shows a comparison of the strains calculated using the
procedure described for G-29 and the measured strains taken from
the tables for the two test runs,

The following is a discussion of the calculated and measured
strains for each of the gages listed in Table 5. The calculated and
measured strains of gages G-29, G-30, G-33, G-34 and the horizon-
tal arm of rosettes R-11-H, R-12-H and R-13-H and R-14-H, check
within the tolerance achieved with the solid beam. This agreement
was hypothesized to result from gages being located such that the tee
beams above and below the holes acted as true cantilever beams.

The remainder of the gages were affected by their close proxi-
mity to the solid portion of the web. In each case the strain caused
by the shear was reduced indicating that a greater section than that of
the tee was resisting the secondary moment due to shear at these
points.

To verify this supposition, gages G-40 to G-53, inclusive, and
rosettes R-15 to R-18, inclusive, were placed around the center hole
as shown in Figure 5, Tables 121 to 132, inclusive (Appendix A),
list the strains on these gages for three test runs. Table 106 shows
a comparison of calculated and measured strains.

From the results of the previous tests, it was predicted that



Table 5. Beam With Holes - Load at Centerline.

Calculated Run No. 1 Run No, 2
Gage Strain Strain Strain
No. (x10-6in/in) (x10-6in/in) (x10_6in/in)
G-28 -261 -170 -170
G-29 -355 ~333 -333
G-30 +355 +353 +354
G-31 +261 +150 +1 49
G-32 -106 -185 -185
G-33 + 84 + 38 + 35
G-34 - 84 - 90 - 81
G-35 +106 +155 +153
G-36 -548 -443 -436
G-37 +548 +400 +400
G-38 -186 =273 -278
G-39 +186 +243 +238
R-11-H -794 -748 -748
R-12-H +784 +793 +803
R-13-H +241 +163 +156

R-14-H -241 227 -232
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gages R-15-H and R-18-H would show large discrepancies between
calculated and measured values as these gages are in the transfor-
mation area and therefore something greater than the assumed tee
section would be resisting the secondary moment due to shear., This
proved to be true for both cases.

Previous tests indicated that the above theory should give
reasonably accurate results for gages G-51 and G-48. Table 6 shows
this to be the case as the difference between thecalculated and meas-
ured values are within the range of differences on the solid beam.

Gages G-52, G-40, G-41, G-42, G-43 and G-49 are all 3-1/2
in, from the end of the cantilever beam and therefore the section
acting in each instance should be the cross-section of the tee, as is
assumed in the calculations. Table 6 shows agreement between
calculated and measured strains within the expected limits in all
instances.

Gages G-53, G-44, G-45, G-46, G-47 and G-50 are all located
along the centerline of the hole and are therefore assumed to be on the
line of inflection. The strains are assumed to be caused only by the
bending moment resulting from the applied loads. Table 6 lists
the calculated and measured strains for two test runs. Gages

G-53 and G-50 show a slightly greater discrepancy between the

calculated and measured strains than gages in similar locations



Table 6. Beam With Holes - Load 4 Ft. From Right End.

Calculated Run No. 1 Run No. 2 Run No. 3

Gage Strain Strain Strain Strain
No. (x10—6in/in) (xlo’éin/in) (x10-6inﬁn) (xlo’éin/in)
G-51 -295 -263 -260 -260
R-15-H -562 -431 -431 -429
R-16-H -791 -702 -708 -702
R-17-H +791 +752 +747 +752
R-18-H +562 +439 +435 +442
G-48 +295 +248 +251 +253
G-52 -398 -341 -342 -339
G-40 -473 -480 -486 -476
G-41 -538 -562 -572 -559
G-42 +538 +527 +523 +533
G-43 +473 +448 +441 +446
G-49 +398 +342 +344 +341
G-53 -500 -439 -436 -432
G-44 -383 -358 -367 -358
G-45 -283 -316 -328 -316
G-46 +283 +286 +286 +290
G-47 +383 +364 +364 +366

G-50 +500 +434 +436 +438
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on the solid beam. This was attributed to the possibility that the
actual point of inflection was slightly off the centerline. The holes
and the one inch radius corners were burned and there were slight
imperfections in the surface of the cut. These could cause the in-
flection point to vary slightly from the assumed centerline of the span
of the hole. Gages G-44 and G-47 show agreement between calculated
and measured values within the discrepancies obtained on the solid
beam. The horizontal arms of rosettes R-16-H and R-17-H also show
discrepancies between the calculated and measured strains no greater
than some of the gages on the solid beam with strains of similar mag-
nitude. This indicates that the aforedescribed theory can be used to
predict strains in the area at the edge of the hole where the effect
of the shear is a maximum.

Tables 133 to 143, inclusive (Appendix A), list the strains for
the final test run on the perforated beam. The load was applied four
feet from the right support and was increased until the beam failed.
The beam failed by lateral buckling of the compression flange as can
be seen in Figure 12. The failure did not occur until much of the
beam was in the state of yield as is shown by the strain readings.

The gage readings and the calculated strains, using the afore-
described theory, showed no greater discrepancies than similar
readings on the solid beam and in other tests on the perforated one

while all the strains were within the limits permitted in design. The



Beam with holes showing buckling of the top flange at

failure load.

Figure 12,
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applied load and the strains maintained close to a straight line rela-
tionship up to a load of 26, 500 Ibs. When the load reached 26, 500
lbs., the increase in strain became larger in proportion to the in-
crease in load. The measured strain of R-16-H at this load was
1095, x 10-6 in/in. The compar able calculated strain was 1007. x
10_6 in/in. The measured strain of R-16-H at an applied load of
26,000 1bs. was 919, x 10" in. /in.

The yield point for the A-36 steel used in the beam is at a
strain of 1241. x 10.6 in. /in. Therefore it was rationalized that at
a load of 26, 500 lbs., a portion of the web in the immediate .vicinity
of the corners of the hole closest to R-16-H reached this yield value.
The calculated strain at the edge of the hole below R-16-H and at
three-quarters of an inch from the vertical face of the hole (see
Figure 5), was 1143. x 10“6 in. /in,

The increase in strain per increment increase in load became
larger as the yield strain was reached and exceeded. After the
material at R-16-H had yielded to approximately 2000. x 10-6 in. /in.,
the proportion of strain per load increment decreased. This was
attributed to an increase in the strength of the steel due to strain
hardening.

When the section through R-16-H began to yield, the following

effects 'were hypothesized: (1) The line of inflection moved away
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from the centerline of the hole toward R-16-H. (2) This movement of
the line of inflection decreased the stiffness of the upper tee sec-
tion and thus increased the proportion of the shear carried by the
lower tee section.

These hypotheses were supported by the strain readings of
R-17-H. Before R-16-H began to yield, the strain of R-16-H and
R-17-H were, except for proportional discrepancies as were found on
other gages, the same. After R-16-H began to yield, the strain of
R-17-H did not increase as quickly as the strain of R-16-H, but in-
creased faster than before R-16-H reached the yield strain. The
comparative values of strain for gages R-16-H and R-17-H at a load
of 40, 000 lbs. were 5080. x 10“6 in. /in. and 1675. x 10-6 in. /in.,
respectively.

When the material at the bottom of the tee section through
R-16-H began to yield, it was rationalized that the neutral axis of
the tee section would tend to move up which would increase the pro-
portional strain increase of R-15-H. This proved to be true as the rate
of strain per unit of load increased after yielding beganat the section.

R-11-H and R-12-H were in similar locations around the 9-in.
hole as were R-16-H and R-17-H around the 12-in. hole. (See Fig-
ures 4 and 5.) R-11-H began to yield at a load of 35, 000 lbs. The
calculated strain at a point at the edge of the hole three-quarters of

an inch from the vertical edge of the hole, was 1058. x 10‘-6 in. /in.
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The strain at the same relative point below R-16-H when it began to
yield was 1143. x 10-6 in. /in. The calculated and measured strains
at R-11-H with a load of 33, 000 lbs. were 884. x 10_6 in. /in. and
976. x 10.6 in. /in., respectively. The calculated and measured
strains with a load of 35, 000 lbs. were 937. x 10.6 in. /in., and
1490. x 10.6 in. /in., respectively.

The discrepancies between the calculated and measured strains
for R-11-H and R-16-H are similar; i. e. at a load of 33, 000 lbs.
the difference between the calculated and measured strains for
R-11-His 92. x 10"6 in. /in. and at a load of 26, 500 lbs. the dif-
ference between the calculated and measured strains for R-16-H is
88. x 10’.6 in. /in. It was rationalized that changes in the line of in-
flection, due to dimension variations in the material and/or imper-
fections around the edge. of the hole, would produce an error inde-
pendent of the width of the hole; i. e., proportional only to the distance
the actual inflection line was from the centerline of the hole.

As was hypothesized with R-16-H when the section at R-16-H
began to yield, there should have been an increase in the strain at
R-13-H per increment of load. An inspection of the strains in Tables
139 and 141 (Appendix A), shows this to be the case. Also, an in-
crease in the strain load increment ratio was predicted for R-12-H
and R-14-H. Tables 141 and 142 (Appendix A) show this prediction

supported by the strain readings.
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Vertical Deflections of Beams at Midspan

Figure 10 shows the telescope used to measure the deflection of
the beams at midspan. The steel rule mounted on the centerline of
the beam was graduated in hundredths of an inch; therefore the deflec-
tion readings were limited to this accuracy.

Tables 7, 8 and 9 list the calculated deflection for the solid
beam, the measured deflection for the solid beam, and the measured
deflection for the perforated beam. All three deflection values show
close agreement in most instances. Where there is a discrepancy the
deflection of the perforated beam is the greater. This was expected
because of the increased strains recorded on the perforated beam.
The effect of the holes in the web on the deflection was not verified
by calculating the deflection using the hypothesized theory because the
significant figures of the measured deflection were not sufficient to

show the increased deflection caused by the holes.



Table 7. Deflection of Beam at Midspan - Load at 35'" from Each of the Supports.

Deflections Solid Beam Beam with Holes
Load Calculated Run No. 1 Run No. 2 Run No. 1 Run No. 2
(lbs.) (in. ) (in.) {in.) (in.) (in.)
0 0.0000 0. 00 0. 00 0. 00 0.00
1, 000 0. 0054 0.01 0. 01 0. 01 0.01
4, 000 0.214 0.02 0.02 0.02 0.02
8, 000 0.0428 0.04 0. 04 0. 04 0.04
12,000 0.0642 0.06 0.06 0.06 0.06
16, 000 0.0856 0.08 0.08 0.08 0.08
20, 000 0.1070 0.10 0.11 0.10 0.10
24, 000 0.1284 0.12 0.12 0.12 0.12
28, 000 0.1498 0.15 0.15 0.15 0.15
32,000 0.1712 0.17 0.17 0.17 0.17
36, 000 0.1926 0.19 0.19 0.19 0.19
40, 000 0. 2140 0. 21 0.21 0.21 0.22

1744




Table 8. Deflection of Beam at Midspan - Load Applied at Centerline of Beam.

Deflections Solid Beam Beam With Holes
Load Calculated Run No. 1 Run No. 2 Run No. 1 Run No. 2

(lbs. ) (in. ) (in.) (in. ) (in. ) (in.)
0 0. 0000 0.00 0. 00 0. 00 0.00

2, 000 0. 0160 0.01 0. 01 0.02 0.02
4,000 0.320 0.03 0.02 0. 04 0. 04
6, 000 0. 0480 0.05 0. 04 0.06 0.06
8, 000 0.0640 0.06 0.06 0.07 0. 08
10, 000 0. 0800 0.08 0.08 0. 09 0. 09
12, 000 0.0960 0.10 0.10 0.11 0.11
14, 000 0.1120 0.12 0.12 0.13 0.13
16, 000 0.1280 0.13 014 0.15 0.15
18,000 0.1440 0.15 0.16 0.17 0.17

i 4



Table 9. Deflection of Beam at Midspan - Load at 38" from Each of the Supports.

Deflections Solid Beam Beam With Holes
Load Calculated Run No. 1 Run No. 2 Run No. 1 Run No. 2
(lbs.) {in. ) (in. ) (in.) (in. ) {in. )
1,000 0. 0000 0. 00 0. 00 0. 00 0.00
4, 000 0.0172 0.02 0.02 0.02 0.02
8, 000 0.0402 0. 04 0. 04 0. 04 0. 04
12,000 0.0632 0.07 0.07 0.07 0.07
16,000 0. 0862 0. 09 0. 09 0. 09 0.09
20, 000 0.1092 0.11 0.11 0.12 0.11
24, 000 0.1322 0.14 0.14 0.14 0.14
28, 000 0.1552 0.16 0.16 0.16 0.16
32,000 0.1782 0.18 0.18 0.19 0.19
36, 000 0. 2012 0.21 0. 21 0.21 0.21
37,000 0. 2069 0.21 0. 21 0, 22 0.22
1, 000 0. 0000 0. 00 0. 00 0. 00 0.00

9%




47

CONCLUSIONS

The results of the experiments support the following theory for
predicting the strains in an I-beam with holes cut in the web.

The calculated strains above and below the holes can be obtained
by adding algebraically the strain caused by each of the following two
loadings (11, p. 145, 146).

- My

(1) The strain calculated from the formula ¢ = EL ° where

£ is the required strain;

M is the bending moment at the point of inflection which
for these tests is at the center of the span of the rec-
tangular holes;

y is the distance from the neutral axis to the point in
question;

E is Young's Modulus for the beam material;

I is the moment of inertia of the beam cross-section
through the above point about the neutral axis.

(2) The strain resulting from one-half the shear at the section
acting at the center of the span of the hole. This results in

a cantilever beam whose length is one-half the width of the

hole and which has a force equal to one-half the shear at

that section acting on the end of the cantilever. The proper

direction of the shear force must be assigned to each
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cantilever. The formula used to calculate the strain is the
same as (1) but in this instance,

€ is the required strain;

M is the bending moment caused by the appropriate
proportion of the shear force acting at the point of
inflection above or below the hole which for these
tests is the product of one-half the shear and the
horizontal distance the section in question is from
the center of the hole;

y is the distance of the point in question from the
neutral axis of the tee section;

E is Young's Modulus of the material in the beam;

I is the moment of inertia of the tee section.

The investigation showed that the strain in the immediate vicinity
of the vertical sides of holes is negligible and therefore no reinforcing
is required in this area. The area of increased strain is the sections
above and below the holes and adjacent to the fixed ends of the canti-
lever beams described above. Therefore if reinforcing is required
around a hole, it should be attached along the edge of the cantilever
sections adjacent to the hole and should extend onto the solid web of
the beam where the cantilever effect has increased the strain.

Figure 13 shows a suggested location of the above reinforcing.

The bars extend a distance equal to one-half the width of the hole
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Figure 13. Location and length of suggested reinforcing around a hole in the web of an I-beam.
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beyond the edges of the hole. Square bars were used in this example.
The size of the reinforcing should be chosen so that the hole does not
reduce the carrying capacity of the beam., Verification of the rein-
forcing required around rectangular holes in I-beams is outside the
scope of this investigation. However, two investigations were under -
taken to assess the most effective location of reinforcing around rec-
tangular holes in steel I-beams (see 9 and 12).

It was expected that the corners of the holes would act as strain
risers but the one inch radius fillets must have compensated for this
effect. None of the gages located in the closest proximity of the corn-
ers reflected the expected increase. Bower (9) and Redwood (15)
na ed the strain increase in the proximity of the corners but the radii
of the fillets at the corners of the holes in the webs of their test beams
were one quarter inch and three sixteenths of an inch respectively.

The following are suggested investigations that could be con-
ducted to learn more about strains in the proximity of the corners of
holes. I-beam shapes made of lucite could be tested to study the
strain patterns using photoelasticity. Then steel I-beams could be
instrumented and tested to confirm the strain patterns and establish
more precise magnitudes.

A suggested procedure for predicting stresses caused by unsym-
metrical holes in I-beams is described under 'Recommendations' in

Appendix A,
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APPENDIX A

RECOMMENDATIONS

A suggested procedure for predicting stresses caused by unsym-
metrical holes in I-beams is as follows. The theory assumes that
there is a point of inflection in the span of the hole and at this point
the shear acts on the cantilever beams of remaining material spanning
the hole. This theory is reasonably supported by all the tests run in
this investigation. If the horizontal centerline of the hole is coincident
with the centerline of the I-beam and if the remaining portions above
and below the hole are uniform and identical, as is the case in this
investigation, the inflection point should be at the center of the hole
and each of the top and bottom tee beams should carry one-half the

shear at the section.

For the condition that the top and bottom sections are not uni-
form over the length of the hole and that the top and bottom sections
are not identical, a suggested approach to the solution is as follows:

(1) Because it is known that at the point of inflection the angle
change, representing the rotation of the vertical cross-

section of the beam, will be equal when the change is calcu-
lated from either fixed end, this equality can be used to find
the point of inflection. It is assumed in this analysis, as is
assumed in the prior investigation, that the ends of the

cantilever beams are fixed at the solid web section. The

angle change considered is that caused by the moment due to
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the shear acting across the span of the hole., The value of

the shear force acting on the cantilever beams cancels out

when equating the two angle changes and therefore its value
does not have to be known at this point, See the example at
the end of this section.

(2) To find the proportion of the total shear at the section car-
ried by each of the remaining portions of the beam above
and below the hole, re spectively, consider the total deflec-
tion of the remaining portions of the beam above and below
the hole to be equal. When calculating the deflections, let
the shear force acting on the sections above and below the
hole equal P and V, respectively. Equate the two deflec-
tions and calculate the value of P in terms of V, Next, the
values of P and V, the shear force carried by the sections
above and below the hole, respectively, can be found.

(3) Apply the values of the shear found in (2) at the inflection
points found in (1) and thus find the additional flexure stress
caused by the hole,

(4) Algebraically add the stress found in (3) to the stress
caused by the bending moment resulting form the external
loads.

The following example illustrates an application of the above

procedure. Figure 14 shows the dimensions of the hole in a 15-in.
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I-beam identical to the two beams used in the tests. Let the total
shear on the section across the span of the hole equal 10 kips. Let
the portion of the shear carried by the tee section above the hole equal
P kips and the portion carried by the tee section below the hole equal
V kips. Use this relationship as the first equation, P +V =10,

Figure 15 shows the load, shear, bending moment and angle
change diagrams for the tee section above the hole with only the
shear force acting at the inflection point considered as the load. The
inflection point is assumed to be located x in. from the left end of the
hole as shown in the diagram. Solve for the value of x by equating the
total angle change of the cantilever beam to the left of x and the canti-
lever to the right of x. As shown in the diagram, the shear force, P,
acts down on the cantilever beam to the left of x and up on the canti-
lever to the right of x. The angle change is equal to the area of the
angle change diagram between the two points. (See Figure 15.)

Angle change to the left of x = angle change to the right of x.

1 Px)(x)_ 1 P(b-x)(6-x) + P(6-x)(6) +_1_ P(6)(6)
2* E1. " 27 EI El 2 ¥ EI
1 1 2 2
where Il is 2. 79 in.
4

I2 is 8.46 in.
E is the Modulus of Elasticity (29, 000 ksi)
P is the shear carried by the tee section above

the hole.
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Substitute these values and solve for x.

x = 4,48 in.

Figure 16 shows the load, shear, bending moment and the angle
change diagrams for the tee section below the hole with only the shear
force acting at the point of inflection considered as the load. The in-
flection point is assumed to be located x in. from the left end of the
hole as shown in the diagram. As with the tee section above the hole,
solve for the value of x by equating the angle changes to the left and to

the right of the inflection point. (See Figure 16.)

L(Vx)(x) _ L (VNB-x)(8-x) , V(8-x)(4) , L (V)(4)4
2 EI1 2 EI1 EI2 2 EI2
where Il is 2. 79 in.
I2 is 8.46 in. 4

E is the Modulus of Elasticity (29, 000 ksi)
V  is shear carried by the tee section below the hole.

Substitute these values and solve for x.
x = 4,85 in.

Obtain a second equation containing the shear values, P and V,
by equating the total deflection of the tee beams above and below the
hole with only the respective shear force as the load. Let the deflec-

tion of the left cantilever beam of the top tee beam (see Figure 15)



59

shear :I:
(kips) >

>
=
~N
=
berding :
moment > /
(kip in. ) >
%)
—_ A
; Sz
© >
>

angle sal,
change >

Figure 16, The shear, bending moment and angle change diagrams
for the tee beam below the hole.



equal e
o = (L) (4.48P) (4. 48) (é) (4. 48)
1 2 2. 9E 3
- 10, 75P
| E

Let the deflection of the right cantilever beam of the top tee

beam equal €,

_ Ly (es2p).s2) 2 (1.52) , (1.52P)(6)(4.52)
€27 %2 2.79E '3 8. 46E

L, (6P(6)5. 52)
(3 8. 46E

11.03P
2 E

The total deflection of the top tee beam

= +
€1 T %2
_10.75P  11.03P
- E E
_ 21.78P
E

Let the deflection of the left cantilever beam of the bottom tee beam

(see Figure 16) equal €.

60
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1. (4.85V)(4.85) ,2

ey = &) 2. 79E (3) (4.85)
13,63V

°3 T E

Let the deflection of the right cantilever beam of the bottom tee equal

4
4 (3.15V)(3.15) 2 (3.15)
ey = () 2. 95 (3)
N (3.15V)(4.00)(5.15) (L) (4.00V)(4. 00)5.82)
8. 46E 2 8. 46E
_16.91V
e4 = E in

The total deflection of the bottom tee beam

13,63V 16.91V

I
-
s

Equate the total deflections to obtain second equation containing P

and V.
2178P 30. 54V
(2) E - E
or P=1.41V

Substitute this value for P in equation (1) and solve for V.
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(1) P +V = 10o0rl.41V + V =10

V = 4,15K and P = 5, 85K

Apply the respective value of shear at the point of inflection
and calculate the stress caused by the shear at any point above or
below the hole as described in (3). Finally, algebraically add the
stress found above to the stress caused by the bending moment
resulting from the external loads, as described in (4) and thus
establish the total stress at the point.

A suggested method for calculating the strain, when the normal
loads and the strain increase because of the proximity of a corner are
necessary considerations, is to superimpose the strains resulting
from the following:

(a) the bending moment caused by external loads as described in
this dissertation;

(b) the appropriate shear force applied at the line of inflection as
described in this dissertation;

(c) the normal effects of the loads and reactions which requires
further research;

(d) the strain increase resulting from the proximity of the corner

which requires further research.



Table 1, Solid Beam -lL.oad at Centerline,

Load Gage No. Gage No. Gage No, Gage No, Gage No. Gage No.
(Ibs.) G-19 G-20 G-21 G-22 G-26 G-27
1,000 11,495 11,227 10,952 9, 840 10,187 10,377
2,000 11,475 11, 207 10,957 9, 847 10,190 10,383
4, 000 11,432 11,178 10,977 9,882 10, 228 10, 427
6, 000 11,395 11,150 10,995 9,913 10, 260 10, 464
8,000 11,357 11,127 11,018 9,953 10,305 10, 508
10, 000 11,320 11,100 11,037 9,983 10,333 10, 540
12,000 11,278 11,072 11,058 10,018 10,373 10, 588
14,000 11, 245 11, 045 11,082 10,052 10, 407 10, 627
16, 000 11, 203 11,017 11,103 10,088 10, 445 10,668
18, 000 11,168 10,994 11,123 10,123 10,477 10, 708
19, 500 11,138 10,972 11,140 10,152 10,510 10, 744
1,000 11, 485 11,214 10,940 9,824 10,168 10,360

-6
Total Strain x 10 in, /in.

-347 -242 200 328 342 384

€9



Table 2, Solid Beam - Load at Centerline.

Load Gage No, Gage No. Gage No. Gage No, Gage No. Gage No.
(Ibs.) G-6 G-1 G-17 G-16 G-15 G-18
1, 000 0 0 11,358 10,114 10,034 10,852
2,000 0 -7 11,337 10,100 10,030 10, 825
4,000 7 -11 11,295 10,085 10,037 10,778
6, 000 13 -21 11, 255 10,073 10, 045 10, 736
8,000 18 -27 11,217 10,062 10, 055 10, 695
10, 000 23 -34 11,180 10,050 10,062 10, 650
12,000 32 -40 11,140 10,035 10,072 10, 606
14, 000 38 -48 11,106 10,025 10,082 10, 565
16,000 43 -55 11,063 10,012 10,088 10, 523
18,000 50 -60 11,030 10,002 10,100 10, 480
19, 500 57 -70 11,000 9,995 10,107 10, 447
1,000 0 0 11,348 10,100 10,017 10, 838

Total Strain x 10_6 in. /in.

57 -70 -348 -105 90 -391

¥9



Table 3. Solid Beam - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gaze No,
(lbs.) G-2 G-3 G-4 G-5 G-23 G-24
1, 000 0 0 0 0 0 0
2,000 - 8 -1 2 3 7 10
4, 000 - 24 -18 13 22 26 30
6, 000 - 42 =27 23 38 45 53
8, 000 - 60 -40 34 53 64 73
10, 000 - 18 -50 45 70 82 98
12,000 - 93 -60 60 90 107 120
14, 000 -110 -72 68 100 123 142
16, 000 -130 -84 78 120 142 164
18,000 -146 -97 90 137 162 188
19, 500 -160 -103 98 150 177 203
1, 000 0 0 0 0 0 0

Total Strain x 10~° in, /in,

-160 -103 98 150 177 203

59



Table 4. Solid Beam - Load at Centerline,

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gaye No.
(Ibs.) R-7-H R-6-H R-6-45 R-6-V G-1 G-8
1,000 0 0 0 0 0 0
2,000 -7 0 0 -11 - 8 - 10
4, 000 -1 27 20 -18 - 28 - 30
6, 000 -10 40 32 -27 - 47 - 55
8,000 -2 67 55 -30 - 70 - 380
10, 000 - 8 82 68 -27 - 88 -100
12,000 -10 102 88 -43 -108 -122
14, 000 -10 120 102 -53 -130 -147
16,000 -10 143 128 -55 -152 -171
18,000 -17 160 140 -65 -170 -193
19, 500 -12 177 152 -70 -183 -210
1,000 0 0 0 0 0 0

Total Strain x 10-6 in, /in.

-12 177 152 -70 -183 -210

99



Table 5. Solid Beam - Load at Centerline.
Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-3-45 R-3-V R-8-H R-8-45 R-8-V R-7-V R-7-45
1,000 0 0 0 0 0 0 0
2,000 -3 -3 - 15 - 11 0 -8 0
4,000 0 0 - 32 - 32 0 -10 10
6,000 -10 -10 - 58 - 58 0 -13 17
8, 000 -15 -11 - 77 - 68 12 -12 30
10, 000 -22 -11 -100 - 90 18 -12 40
12,000 -23 -16 -122 -110 22 -12 52
14, 000 -18 -27 -147 -127 30 -18 60
16, 000 -10 -28 -160 -143 35 -18 74
18, 000 -20 -32 -190 -177 33 -23 80
19, 500 -23 -32 -203 -185 38 -26 90
1,000 23 0 0 0 0 0 0
. -6 . .
Total Strain x 10  in. /in.
-46 -32 -203 -185 38 -26 90

L9



Table 6.

Solid Beam - Load at Centerline,.

Load Gage No. Gage No. Gage No. Gage No, Gage No. Gage No. Gage No.
(lbs. ) R-5-V R-5-45 R-5-H R-4-v R-4-45 R-4-H R-3-H
1,000 0 0 0 0 0 0 0
2,000 0 3 - 3 2 - 2 -8 0
4,000 3 13 - 15 4 - 17 -8 20
6, 000 12 20 - 28 4 - 24 - 7 30
8,000 12 22 - 43 0 - 37 - 8 40
10, 000 13 30 - 60 -3 - 57 -10 52
12,000 14 37 - 72 -3 - 70 -10 67
14,000 18 40 - 82 -3 - 80 -10 97
16,000 20 50 -102 -10 - 98 -10 120
18,000 20 50 -117 -13 -114 -18 129
19, 500 23 60 -124 -13 -120 -12 142
1,000 0 0 0 0 6 0 20
. -6, .
Total Strain x 10 in. /in.
23 60 -124 -13 -126 -12 122

89



Table 7. Solid Beam - Load at Centerline,

Load Gage No. Gage No. Gage No, Gage No., Gage No. Gage No,
(Ibs.) G-4 G-5 G-23 G-24 G-6 G-17
1,000 0 0 0 0 0 0
2,000 10 12 14 14 6 0
4,000 20 30 32 36 10 - 8
6, 000 30 42 53 58 18 -14
8,000 43 63 77 83 30 -18
10,000 52 76 90 105 30 -30
12,000 62 92 110 127 37 -37
14,000 72 109 130 148 42 -42
16,000 83 128 152 170 50 -50
18,000 97 144 173 196 57 -57
19, 500 104 160 190 213 60 -60
1,000 8 8 8 8 3 3

Total Strain x 10-6 in. /in.

96 152 182 205 57 -63

69



Table 8. Solid Beam - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Cage No.
(lbs.) G-26 G-27 G-1 G-8 G-2 G-3
1,000 10,140 10,327 0 0 0 0
2,000 10,165 10,353 - 4 - 8 - 4 - 3
4,000 10, 205 10,403 - 27 - 30 - 23 - 14
6, 000 10, 245 10, 445 - 46 - 54 - 40 - 27
8,000 10, 283 10,493 - 60 - 170 - 54 - 34
10,000 10,330 10, 540 - 83 -100 - 73 - 48
12,000 10,360 10, 577 -104 -122 - 90 - 60
14, 000 10,408 10, 628 -130 -147 -110 - 70
16,000 10, 447 10,672 -145 -170 -125 - 80
18, 000 10,490 10,717 -166 -190 -142 - 92
19, 500 10,515 10, 748 -183 -210 -158 -100
1,000 10,182 10,368 4 4 4 4
. -6, .
Total Strain x 10 in. /in,
333 380 -187 -214 -162 -104

0L



Table 9, Solid Beam - Load at Centerline.

Load Gage No. Gage No., Gage No. Gage No. Gage No. Gage No.
(lbs.) G-15 G-18 G-19 G-20 G-21 G-22
1,000 9,992 10,815 11, 460 11,185 10,912 9,974
2,000 10,000 10, 793 11, 440 11,177 10,925 9,817
4, 000 10,015 10, 760 11,415 11,157 10,953 9,858
6,000 10, 025 10,715 11,375 11,128 10,977 9,895
8,000 10,042 10, 682 11,347 11,113 11, 007 9,936
10, 000 10,055 10, 642 11,308 11,087 11,030 9,971
12,000 10, 063 10, 600 11, 270 11,064 11, 050 10,007
14,000 10,077 10, 560 11,238 11,038 11,078 10, 053
16,000 10, 093 10, 524 11, 205 11,018 11,105 10,093
18,000 10,105 10,485 11,170 10,995 11,130 10,128
19, 500 10,110 10, 448 11,142 10,975 11,145 10,157
1,000 10,028 10, 848 11, 495 11, 224 10,948 9,835

Total Strain x 10-6in./hh

82 -400 -353 -249 197 322

1L



Table 10,

Solid Beam - Load at Centerline,

Load Gage No, Gage No. Gage No. Gage No., Gage No. Gage No.
(1bs.) R-7-H R-6-H R-6-45 R-6-V G-17 G-16
1,000 0 0 0 0 11,326 10,075
2,000 0 10 8 - 4 11,305 10,067
4,000 0 37 27 -6 11, 277 10,064
6,000 5 60 44 -10 11, 237 10,057
8, 000 0 73 57 -24 11, 208 10,050
10, 000 -3 90 70 -37 11,172 10, 040
12,000 -8 107 86 -43 11,136 10,028
14,000 -3 130 113 -50 11,100 10,023
16,000 -8 147 122 -60 11, 068 10,015
18,000 -3 170 142 -60 11,033 10, 005
19, 500 0 190 160 -68 11,003 9,998
1,000 0 0 0 0 11,357 10,110

. -6. .
Total Strain x 10 ~ in. /in,

0 190 160 -68 -354 -112

2L



Table 11,

Solid Beam - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No, Gage No.

(lbs.) R-3-45 R-3-V R-8-H R-8-45 R-8-V R-7-V R-7-45
1,000 0 0 0 0 0 0 0
2,000 7 7 - 3 - 10 0 0 3
4, 000 0 3 - 23 - 24 10 0 20
6,000 12 12 - 40 - 40 20 0 30
8,000 - 17 -7 - 74 - 72 12 -10 34
10,000 - 8 -8 - 95 - 90 20 -10 43
12,000 -20 -17 -120 -110 22 -12 53
14, 000 -23 -15 -142 -130 30 -13 70
16, 000 -22 -22 -162 -150 33 -20 7
18,000 -23 -20 -180 -160 47 -18 90
19, 500 -27 -27 -200 -180 48 -18 100
1,000 20 0 0 0 0 0 0

. -6 . .
Total Strain x 10  in. /in.

-47 -27 -200 -180 48 -18 100

€L



Table 12, Solid Beam - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-5-V R-5-45 R-5-H R-4-V R-4-45 R-4-H R-3-H
1, 000 0 0 0 0 0 0 0
2,000 0 13 10 12 0 6 10
4, 000 12 23 - 10 13 - 4 8 25
6, 000 17 30 - 20 12 - 10 15 52
8, 000 17 30 - 43 0 - 38 0 52
10,000 17 36 - 52 3 - 48 4 68
12,000 17 40 - 67 - 3 - 70 -3 73
14,000 17 42 - 90 - 3 - 83 -3 90
16,000 26 55 - 97 - 3 - 90 0 110
18, 000 23 60 -108 - 4 -103 0 130
19, 500 23 68 -120 - 10 -115 0 142
1,000 0 0 0 0 0 0 20

Total Strain x 1070 in, /in,

23 68 -120 -10 -115 0 122

vL



Table 13, Solid Beam - Load at 38 in, From Supports.

Load Gage No, Gage No. Gage No. Gage No. Gage No, Gage No.
(Ibs.) G-19 G-20 G-21 G-22 G-26 G-27
1,000 11,495 11,218 10,943 9,825 10,167 10,355
4,000 11,452 11,192 10,970 9,868 10, 226 10,412
8, 000 11,395 11,150 11,003 9,923 10, 288 10,475
12,000 11,333 11,108 11,037 9,983 10,362 10, 545
16, 000 11, 277 11,065 11,075 10,035 10,427 10,615
20, 000 11, 220 11,026 11,108 10,097 10, 500 10, 685
24,000 11,162 10,987 11,143 10,148 10, 562 10, 748
28, 000 11,103 10,943 11,177 10, 207 10, 634 10,817
32,000 11, 046 10,904 11,213 10, 260 10, 695 10, 880
36,000 10,988 10,865 11, 248 10,320 10, 766 10,950
37,000 10,975 10,855 11,256 10,335 10,778 10,963
1,000 11,497 11,226 10,948 9,833 10,178 10,350

Total Strain x 10™° in. /in,

-522 -371 308 502 600 -613

Sl



Table 14, Solid Beam - Load at 38 in, From Supports,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-6 G-17 G-17 G-16 G-15 G-18
1,000 0 0 11,355 10,107 10,022 10, 848
4,000 10 -10 11,312 10, 09C 10,035 10,803
8,000 23 -23 11, 250 10,065 10,53 16,738
12,000 32 -39 11,184 10, 047 10,072 10,673
16,000 45 -54 11,124 10,028 10, 094 10, 605
20, 000 58 -70 11,065 10,012 10,113 10, 543
24,000 72 -83 11,002 9,992 10,130 10,476
28,000 83 -100 10,937 9,974 10,150 10, 408
32,000 100 -112 10,878 9,953 10,168 10,345
36,000 107 -130 10,816 9,936 10,187 10, 285
37,000 110 -134 10,805 9,933 10,193 10, 268
1,000 6 6 11,362 10,112 10,028 10, 855

Total Strain x 10_6in./hL

104 -140 -557 -179 165 -587

9L



Table 15,

Solid Beam - Load at 38 in., From Supports.

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-2 G-3 G-4 G-5 G-23 G-24
1, 000 0 0 0 0 0 0
4, 000 - 23 - 16 17 28 30 34
8,000 - 57 - 38 40 60 72 80
12,000 - 93 - 60 60 93 112 128
16,000 -130 - 83 82 130 153 177
20, 000 -160 -105 105 162 195 222
24, 000 -198 -128 128 198 237 270
28,000 -230 -150 152 233 280 320
32,000 -266 -170 175 270 320 308
36,000 -303 -197 194 300 360 410
37,000 -312 -203 200 310 370 420
1,000 5 6 7 7 7 6
. -6, .
Total Strain x 10 ~ in. /in.
-317 -209 193 303 363 414

LL



Table 16. Solid Beam - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-7-H R-6-H R-6-45 R-6-V G-1 G-8
1,000 0 0 0 0 0 0
4,000 -5 22 10 - 15 - 24 - 30
8,000 -10 57 22 - 32 - 62 - 72
12,000 -8 90 36 - 48 -107 -120
16,000 -12 125 53 - 62 -145 -165
20, 000 -13 160 60 - 82 -183 -208
24, 000 -10 197 80 - 94 -224 -257
28,000 -15 232 90 -112 -260 -300
32,000 -7 275 118 -118 -303 -344
36,000 -10 307 128 -140 -333 -392
37,000 -15 310 128 -147 -357 -404
1,000 0 0 0 0 5 5

-6
Total Strain x 10 in. /in.

-15 310 128 -147 -362 -409

8L



Table 17,

Solid Beam - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-3-45 R-3-V R-8-H R-8-45 R-8-V R-7-V R-7-45
1,000 0 0 0 0 0 0 0
4, 000 - 8 - 8 - 38 - 23 -28 - 23 -12
8, 000 - 16 -10 - 80 - 42 -42 - 42 -25
12,000 - 30 -20 -120 - 57 -52 - 60 -30
16,000 - 41 -27 -163 - 86 -68 - 78 -38
20, 000 - 56 -37 -203 -103 -75 - 97 -48
24, 000 - 68 -43 -243 -117 -78 -108 -50
28, 000 - 88 -58 -290 -138 -80 -122 -57
32,000 - 96 -60 -323 -150 -80 -130 -53
36,000 -108 -65 -368 -170 -82 -148 -63
37,000 -113 -70 -381 -182 -88 -155 -70
1,000 0 0 0 0 0 0 0

, -6 . .
Total Strain x 10 ~ in. /in.

-113 -70 -381 -182 -88 -155 -70

6L



Table 18,

Solid Beam - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No, Gage No. Gage No. Gage No.
(l1bs. ) R-5-V R-5-45 R-5-H R-4-V R-4-45 R-4-H R-3-H
1,000 0 0 0 0 0 0 0
4,000 -20 3 - 20 -10 - 23 -8 12
8, 000 -23 12 - 50 -20 - 50 -8 40
12,000 -30 20 - 80 -30 - 83 -10 60
16,000 -33 30 -107 -37 -112 -17 84
20, 000 -30 40 -134 -44 -143 -20 108
24,000 -30 48 -163 -63 -172 -20 132
28, 000 -40 52 -200 -68 -210 -33 152
32,000 -37 62 -230 -70 -238 -33 180
36,000 -38 78 -257 -74 -267 -33 202
37,000 -40 80 -262 -78 -280 -37 208
1,000 0 0 0 0 0 0 0
. -6 . .
Total Strain x 10 ~ in. /in.
-40 80 -262 -78 -280 -37 208

08



Table 19, Solid Beam - Load at 38 in., From Supports.

Load Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.
(Ibs.) G-19 G-20 G-21 G-22 G-26 G-27
1,000 11, 525 11, 250 10,970 9,850 10, 200 10,385
4,000 11, 485 11, 224 10,995 9,985 10, 255 10,438
8,000 11,430 11,183 11,035 9,953 10,323 10, 507
12,000 11,370 11,143 11,067 10,010 10,395 10, 575
16,000 11,315 11,100 11,105 10,065 10, 460 10, 643
20,000 11, 255 11, 063 11,140 10,124 10, 532 10,710
24,000 11, 200 11,018 11,175 10,180 10, 593 10,775
28,000 11,135 10,975 11,210 10, 238 10, 665 10, 845
32,000 11,082 10,935 11,245 10, 295 10,732 10,915
36,000 11,020 10, 895 11, 276 10,350 10,800 10,980
37,000 11,013 10, 888 11,292 10, 367 10,814 11, 000
1,000 11, 535 11, 258 10,982 9,867 10,218 10, 400

Total Strain x 10~ in. /in.

-522 -370 310 500 596 600

18



Table 20. Solid Beam - Load at 38 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-6 G-7 G-17 G-16 G-15 G-18
1,000 0 0 11,385 10,135 10, 055 10,877
4,000 10 - 10 11,348 10,124 10,068 10,835
8,000 23 - 25 11, 285 10,100 10,087 10,773
12,000 33 - 38 11, 225 10,083 10,107 10, 705
16,000 48 - 55 11,162 10, 063 10,125 10, 643
20, 000 58 - 70 11,100 10, 045 10,145 10,578
24,000 70 - 86 11,036 10,023 10,163 10,513
28, 000 80 -100 10,973 10,005 10,182 10, 448
32,000 98 -117 10,914 9,987 10, 203 10,382
36,000 107 -132 10, 850 9,967 10, 220 10,316
37,000 110 -138 10,838 9,966 10, 228 10,305
1,000 5 5 11,400 10,148 10,067 10,890

Total Strain x 10-6in./hn

105 -143 -562 -182 le6l -585

Z8



Table 21, Solid Beam - Load at 38 in. From Supports,

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No,
(Ibs.) G-2 G-3 G-4 G-5 G-23 G-24
1,000 0 0 0 0 0 0
4,000 - 23 - 17 18 27 30 33
8,000 - b7 - 38 40 58 70 €9
12,000 - 90 - 60 60 92 115 139
16, 000 -127 - 85 82 128 153 1,7
20, 000 -162 -108 105 160 196 223
24, 000 -200 -130 127 196 236 270
28,000 -232 -156 -50 230 278 320
32,000 -268 -178 170 267 320 364
36, 000 -303 -200 193 300 360 412
37,000 -313 -207 198 308 370 422
1,000 5 5 5 5 5 5

Total Strain x 107° in, /in.

-318 -212 193 303 365 417

€8



Table 22,

Solid Beam - Load at 38 in., From Supports,

Load Gage No, Gage No. Gage No. Gage No, Gage No. Gage No.
(lbs.) R-7-H R-6-H R-6-45 R-6-V G-1 G-8
1,000 0 0 0 0 0 0
4, 000 0 30 17 - 1 - 26° - 26
8, 000 0 65 32 - 20 - 61 -7
12,000 0 100 49 - 20 -105 -118
16, 000 5 143 65 - 43 -145 -152
20, 000 0 177 80 - 60 -184 -210
24,000 0 210 90 - 78 -228 -256
28, 000 0 250 110 - 90 -270 -300
32,000 6 290 130 -100 -310 -348
36, 000 3 324 142 -120 -348 -394
37,000 0 335 147 -124 -357 -404
1,000 8 10 3 5 2 5

. -6 . .
Total Strain x 10 in, /in.

-8 325 144 -129 -359 -499

78



Table 23,

Solid Beam - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-3-45 R-3-V R-8-H R-8-45 R-8-V R-7-V R-7-45
1,000 0 0 0 0 0 0 0
4, 000 5 5 - 22 - 10 -23 - 20 0
8,000 0 0 - 63 - 40 -40 - - 38 -10
12,000 -10 -3 -103 - 54 -50 - 50 -17
16,000 -20 - 8 -135 - 70 -52 - 63 -20
20, 000 -37 -20 -187 - 80 -57 - 80 -28
24,000 -48 -28 -227 -120 -68 -100 -37
28,000 -60 -30 -267 -130 -67 -110 -38
32,000 -70 -40 -308 -140 -68 -120 -40
36, 000 -80 -40 -348 -160 -70 -133 -43
37,000 -90 -47 -363 -162 -70 -140 -50
1,000 15 12 12 12 12 8 8

. -6 . .
Total Strain x 10 ~ in. /in,

-105 -59 -375 -174 -82 -148 -58

68



Table 24,

Solid Beam - Load at 38 in. From Supports,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-5-V R-5-45 R-5-H R-4-V R-4-45 R-4-H R-3-H
1, 000 0 0 0 0 0 0 0
4,000 -20 7 - 18 -10 - 23 0 22
8,000 -20 20 - 45 -15 - 50 0 50
12,000 -20 30 - 73 -23 - 80 -3 72
16,000 -20 40 -100 -30 -103 0 103
20, 000 -23 50 -127 -317 -138 -10 125
24, 000 -20 55 -160 -43 -167 -10 150
28,000 -23 67 -190 -53 -192 -10 180
32,000 -23 17 -220 -60 -228 -18 200
36, 000 -20 90 -243 -63 -253 -18 230
37,000 -23 93 -250 -67 -266 -18 232
1,000 9 10 10 10 10 10 15
. -6, .
Total Strain x 10 in. /in.
-32 83 -260 =77 -276 -28 217

98



Table 25, Solid Beam - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-4 G-5 G-23 G-24 G-6 G-7
1,000 0 0 0 0 0 0
4,000 15 23 30 30 6 - 15
8,000 34 56 68 77 17 - 30
12,000 57 90 108 124 30 - 47
16,000 77 122 148 170 40 - 60
20, 000 100 153 190 217 55 - 80
24,000 121 190 230 264 68 - 90
28,000 144 225 272 313 80 -107
32,000 168 262 316 360 90 -122
36,000 190 2917 354 407 106 -140
40, 000 210 330 397 454 120 -153
1,000 0 0 0 0 0 0

Total Strain x 10° in. /in.

210 330 397 454 120 -153

L8



Table 26,

Solid Beam - Lioad at 35 in. From Supports,

Lioad Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-26 G-27 G-1 G-8 G-2 G-3
1,000 10, 235 10,422 0 0 0 0
4,000 10, 287 10,467 - 28 - 32 - 25 - 17
8,000 10,343 10,520 - 70 - 77 - 60 - 40
12,000 10, 407 10, 583 -108 -123 -100 - 67
16,000 10, 465 10, 646 -150 -170 -130 - 90
20, 000 10, 535 10,710 -187 -210 -165 -113
24,000 10, 585 10,763 -228 -256 -200 -135
28,000 10, 652 10,827 -268 -300 -235 -160
32,000 10, 707 10,887 -310 -348 -273 -183
36,000 10, 775 10,952 -347 -393 -308 -205
40, 000 10,833 11,010 -392 -440 -343 -230
1,000 10, 240 10,420 0 0 0 - 3

. -6, .
Total Strain x 10  in. /in,

593 590 -392 -440 -343 =227

88



Table 27, Solid Beam - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-15 G-18 G-19 G-20 G-21 G-22
1,000 10, 085 10,915 11,562 11, 285 11,008 9, 885
4, 000 10, 097 10,867 11,522 11, 258 11,030 9,922
8,000 10,110 10, 805 11,465 11,217 11,060 9,975
12,000 10,126 10,740 11, 405 11,175 11, 090 10,023
16, 000 10,142 10,683 11,357 11,137 11,120 10,068
20, 000 10,160 10,622 11,302 11,102 11,152 10,125
24, 000 10,173 10, 558 11, 245 11,062 11,183 10,173
28, 000 10,192 10,500 11,193 11,025 11, 215 10, 226
32,000 10, 208 10,438 11,137 10,987 11, 245 10, 275
36, 000 10, 226 10,384 11,092 10,953 11, 278 10,333
40, 000 10, 243 10,326 11, 040 10,918 11,313 10,385
1,000 10, 089 10,915 11,562 11, 285 11,008 9, 890

Total Strain x 10_6in./hL

154 -589 -522 -367 305 495

68



Table 28, Solid Beam - Load at 35 in, From Supports.

Load Gage No, Gage No. Gage No. Gage No. Gage No, Gage No,
(lbs.) R-7-H R-6-H R-6-45 R-6-V G-17 G-16
1,000 0 0 0 0 11,428 10,170
4, 000 0 27 0 - 10 11,380 10,155
8, 000 -10 49 3 - 33 11,318 10,132
12,000 -10 80 18 - 30 11, 256 10,110
16, 000 -15 113 30 - 58 11,195 10,093
20, 000 -20 143 36 - 72 11,137 10,073
24,000 -23 173 47 - 88 11,075 10, 050
28, 000 -23 210 60 - 93 11,016 10,033
32,000 -20 247 80 -104 10,958 10,010
36, 000 -20 280 90 -114 10,902 9,988
40, 000 -17 320 108 -120 10, 845 9,978
1,000 12 8 8 8 11,424 10,172

Total Strain x 10-6in./hL

-29 312 100 -128 -579 -194

06



Table 29.

Solid Beam - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-3-45 R-3-V R-8-H R-8-45 R-8-V R-7-V R-7-45
1,000 0 0 0 0 0 0 0
4,000 0 0 - 25 0 0 0 0
8, 000 - 10 - 8 - 67 - 28 -18 -30 -23
12,000 - 26 -23 -110 - 48 -20 -40 -27
16, 000 - 37 -30 -146 - 60 -13 -43 -30
20,000 - 48 -34 -184 - 83 -18 -53 -38
24,000 - 63 -48 -227 -105 -12 -60 -43
28,000 - 76 -53 -260 -123 - 8 -63 -43
32,000 - 90 -60 -300 -133 0 -70 -45
36,000 -100 -68 -335 -145 0 -72 -43
40, 000 -107 -70 -376 -164 10 -76 -40
1,000 0 0 0 8 8 8 8

. -6. .
Total Strain x 10~ in. /in.

-107 -70 -376 -172 2 -84 -48

16



Table 30,

Solid Beam - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(1bs.) R-5-V R-5-45 R-5-H R-4-V R-4-45 R-4-H R-3-H
1,000 0 0 0 0 0 0 0
4,000 0 7 - 15 -3 - 12 0 23
8,000 -22 12 - 47 -21 - 47 -6 42
12,000 -27 12 - 83 -34 - 83 -10 63
16,000 -25 25 -110 -43 -112 -13 90
20, 000 -30 33 -140 -53 -142 -16 116
24,000 -35 40 -173 -63 -178 -23 133
28, 000 -38 55 -200 -70 -206 -25 160
32,000 -42 62 -233 -82 -240 -28 187
36,000 -38 74 -260 -88 -268 -30 210
40, 000 -35 90 -288 -93 -297 -27 240
1,000 0 0 0 0 0 0 0
, -6, .
Total Strain x 10  in. /in.
-35 90 -288 -93 -297 -27 240

26



Table 31, Solid Beam - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-19 G-20 G-21 G-22 G-26 G-27
1,000 6,572 6,300 6,020 4,900 5,245 5,425
4,000 6, 529 6,270 6,038 4,932 5, 289 5,466
8, 000 6,478 6, 237 6,070 4,983 5,352 5,522
12,000 6,420 6,196 6,100 5,032 5,411 5,590
16,000 6,370 6,160 6,130 5,082 5,470 5, 650
20, 000 6,310 6,115 6,153 5,123 5,523 5,708
24,000 6, 265 6,084 6,191 5,182 5,598 5,770
28, 000 6, 210 6, 049 6,218 5,320 5,658 5,830
32,000 6,160 6,013 6, 250 5,278 5,715 5,890
36,000 6,109 5,977 6, 278 5,327 5,770 5,948
40, 000 6,055 5,938 6,306 5,373 5, 828 6,000
1,000 6, 573 6,297 6,022 4,900 5,240 5,428

Total Strain x 10_6 in. /in.

-518 -359 284 473 588 572

€6



Table 32, Solid Beam - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-6 G-7 G-17 G-16 G-15 G-18
1,000 0 0 6,432 5,180 5,096 5,932
4,000 10 - 10 6,390 5,165 5,108 5, 889
8, 000 11 - 35 6,329 5,143 5,121 5,832
12,000 29 - 48 6, 268 5,121 5,135 5,772
16,000 37 - 68 6, 208 5,100 5,150 5,710
20,000 45 - 87 6,147 5,078 5,160 5, 648
24,000 55 -105 6,091 5,062 5,180 5, 590
28, 000 60 -128 6,035 5, 041 5,195 5,532
32,000 70 -145 5,982 5,022 5,210 5,474
36,000 78 -164 5,927 5,002 5,222 5,418
40, 000 86 -185 5,868 4,985 5, 240 5,360
1,000 -22 - 25 6,432 5,183 5,100 5,938

Total Strain x 10-6 in, /in.

108 -160 -564 -198 140 -578

¥6



Table 33. Solid Beam - Load at 35 in, From Supports,

Load Gage No. Gage No., Gage No. Gage No. Gage No. Gage No.
(lbs.) G-2 G-3 G-4 G-5 G-23 G-24
1,000 0 0 0 0 0 0
4,000 - 23 - 16 17 27 30 37
8, 000 - 69 - 49 30 50 60 71
12,000 -100 - 70 55 88 108 123
16,000 -140 - 95 71 118 143 167
20, 000 -176 -121 90 148 180 210
24,000 -213 -150 110 180 220 253
28,000 -258 -180 125 206 250 294
32,000 -291 -202 146 240 290 340
36, 000 -330 -230 160 264 322 3178
40,000 -370 -260 177 292 360 420
1,000 - 27 - 27 - 27 - 22 - 22 - 23

Total Strain x 10-6in./nL

-343 -233 204 314 382 443

g6



Table 34, Solid Beam - Load at 35 in. From Supports.

L.oad Gage No. Gage No. Gage No., Gage No, Gage No. Gage No.
(lbs.) R-7-H R-6-H R-6-45 R-6-V G-1 G-8
1,000 0 0 0 0 0 0
4,000 2 27 10 - 4 - 28 - 30
8,000 -10 50 10 - 29 - 77 - 84
12,000 -10 90 30 - 35 -110 -125
16,000 -15 119 35 - 50 -155 -172
20, 000 -20 147 42 - 68 -200 -220
24,000 -23 177 52 - 80 -240 -270
28, 000 -31 200 60 -100 -288 -320
32,000 -32 235 70 -110 -326 -366
36, 000 -40 260 80 -128 -370 -413
40, 000 -44 291 90 -140 -414 -462
1,000 -25 - 22 -30 - 28 - 27 - 27

Total Strain x 10" in. /in.

-19 313 120 -112 -387 -435

96



Table 35.

Solid Beam - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-3-45 R-3-V R-8-H R-8-45 R-8-V R-7-V R-7-45
1,000 0 0 0 0 0 0 0
4,000 3 3 - 25 - 9 -3 - 10 - 2
8,000 - 14 -11 - 74 - 38 -20 - 32 -20
12,000 - 20 -15 -110 - 52 -18 - 38 -20
16, 000 - 37 -26 -150 - 68 -17 - 45 -30
20, 000 - 50 -35 -190 - 90 -18 - 53 -38
24,000 - 69 -48 -230 -108 -14 - 63 -41
28, 000 - 84 -60 -277 -130 -20 - 18 -52
32,000 -100 -63 -312 -149 -11 - 82 -52
36,000 -117 =77 -357 -170 -13 - 94 -60
40, 000 -130 -87 -397 -188 -13 -100 -68
1,000 - 20 -20 - 20 - 20 -20 - 30 -25

: -6, .
Total Strain x 10  in. /in.

-110 -67 =377 -168 7 -70 -43

L6



Table 36.

Solid Beam - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No, Gage No, Gage No. Gage No. Gage No.
(lbs.) R-5-V R-5-45 R-5-H R-4-V R-4-45 R-4-H R-3-H
1,000 0 0 0 0 0 0 0
4, 000 - 8 10 - 17 - 5 - 18 2 25
8,000 -22 10 - 52 - 27 - b7 -10 40
12,000 -28 20 - 80 - 32 - 86 -10 70
16,000 -30 28 -110 - 40 -115 -10 90
20, 000 -33 37 -140 - 52 -150 -20 112
24,000 -40 43 -177 - 65 -186 -25 135
28,000 -49 50 -213 - 80 -221 -35 155
32,000 -45 60 -240 - 90 -253 -38 180
36, 000 -54 70 =277 -102 -293 -48 197
40, 000 -60 75 -310 -120 -330 -52 220
1,000 -20 -20 - 20 - 20 - 20 -20 - 20
, -6 . :
Total Strain x 10 in. /in.
-40 95 -290 -100 -310 -32 240

86



Table 37,

Beam With Holes - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(1bs.) G-4 G-5 G-1i G-8 G-23 G-24 G-7 G-6
1,000 11,806 10, 464 8,980 9,254 8,938 9,907 9,017 9,838
4,000 11,820 10,483 8,956 9,208 8,966 9,950 9,010 9,842
8,000 11, 850 10,515 9,917 9,140 9,003 10,017 9,006 9,845
12,000 11,878 10, 557 8,875 9,078 9,043 10,083 9,007 9,845
16, 000 11,906 10, 593 8,838 9,015 9,077 10,145 9,007 9, 847
20, 000 11,932 10, 623 8, 800 8,950 9,115 10,212 9,003 9,850
24, 000 11,962 10, 663 8, 764 8,887 9,157 10,274 9, 000 9,853
28, 000 11,990 10, 696 8,723 8,822 9,194 10,344 8,997 9,860
32,000 12,015 10, 733 8, 685 8, 756 9,235 10, 406 8,994 9,863
36,000 12,046 10, 766 8, 647 8,692 9,273 10,475 8,992 9,865
40, 000 12,076 10, 802 8, 605 8,625 9,310 10, 542 8,987 9,865
1,000 11,818 10, 467 8,988 9, 264 8,948 9,920 9,027 9, 848

, -6 .
Total Strain x 10  in. /in.

258 335 -383 -639 362 622 -40 17

66



Table 38. Beam With Holes - Load at 35 in. From Supports.

Load Gage No., Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-11 G-12 G-13 G-14 G-15 G-2 G-3
1,000 9,337 10, 544 10, 527 10, 210 10, 287 10, 256 11, 206
4, 000 9,337 10, 552 10,552 10, 243 10, 295 10, 232 11,184
8, 000 9,330 10, 553 10, 550 10, 270 10,292 10, 202 11,153
12,000 9,322 10, 560 10, 566 10, 296 10, 293 10,166 11,120
16, 000 9,316 10, 562 10, 587 10,326 10, 295 10,133 11, 087
20, 000 9,307 10, 567 10, 595 10,355 10, 296 10,095 11,055
24,000 9,303 10, 575 10,606 10, 388 10, 302 10, 063 11,023
28, 000 9,293 10, 577 10, 624 10, 416 10,302 10,027 10,988
32,000 9, 286 10, 584 10, 640 10, 445 10,305 9,993 10,955
36, 000 9,275 10, 585 10, 653 10, 477 10,305 9,957 10,926
40, 000 9, 268 10, 590 10,665 10, 500 10,305 9,922 10,893
1,000 9,345 10, 550 10, 533 10, 222 10, 294 10, 265 10, 217

Total Strain x 10_6 in. /in.

=17 40 132 278 11 -343 676

001



Table 39, Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-19 G-20 G-l6 G-9 G-17 G-18 G-10
1,000 11,002 10, 827 9,930 10,976 9, 686 10,365 9,397
4,000 10,965 10,788 9,928 10,938 9,652 10,335 9,385
8,000 10,907 10, 746 9,924 10, 880 9, 585 10, 275 9,355
12,000 10,848 10,697 9,918 10, 825 9,523 10, 218 9,325
16, 000 10,794 10, 653 9,917 10, 768 9,463 10,160 9,297
20, 000 10,735 10, 605 9,912 10,714 9,398 10,103 9, 265
24,000 10, 683 10, 566 9,910 10, 660 9,338 10, 046 9, 238
28, 000 10,626 10, 517 9,906 10, 603 9,276 9,990 9, 207
32,000 10, 573 10,474 9,903 10, 548 9,216 9,933 9,178
36, 000 10,517 10, 430 9,898 10,4393 9,155 9,874 9,150
40,000 10,462 10, 385 9,895 10,437 9,093 9,816 9,118
1,000 11,013 10, 827 9,940 10,987 9,700 10,384 9, 405

Total Strain x 1070 in. /in.

-551 -442 -45 -550 -607 -568 -287

101



Table 40. Beam With Holes - Load at 35 in, From Supports.

Load Gage No, Gage No., Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-9-45 R-9-V G-21 G-22 G-27 G-26 G-25
1,000 0 0 11,422 11, 734 10,626 11, 643 10, 213
4, 000 18 0 11, 446 11,776 10,675 11,693 10, 256
8,000 45 0 11, 485 11,828 10, 734 11,756 10,317
12,000 62 -8 11, 523 11,883 10,792 11,816 10,375
16,000 77 -22 11,558 11,935 10, 848 11,875 10, 438
20, 000 90 -37 11,597 11,990 10,907 11,934 10, 497
24,000 105 -47 11, 640 12,046 10,967 12,002 10, 562
28, 000 132 -37 11, 683 12,100 11,030 12,066 10,624
32,000 151 -50 11,723 12,154 11, 087 12,127 10, 685
36,000 160 -70 11,762 12, 205 11,146 12,188 10, 745
40, 000 172 -84 11,803 12, 260 11, 205 12,250 10, 805
1,000 0 0 11, 425 11, 745 10,635 11, 650 10, 220

. -6. .
Total Strain x 10  in, /in.

172 -84 378 515 570 600 585

201



Table 41,

Beam With Holes - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-8-V R -8-45 R-8-H R-7-V R-7-45 R-7-H R-9-H
1,000 0 0 0 0 0 0 0
4,000 30 0 - 30 10 -3 -3 18
8,000 61 0 - 60 28 0 0 53
12,000 80 - 15 - 97 30 -6 -3 82
16, 000 102 - 26 -137 34 -13 -10 108
20, 000 120 - 4T -180 30 -25 -15 133
24, 000 132 - 60 -214 33 -30 -15 162
28, 000 164 - 69 -240 50 -24 -3 208
32,000 180 - 78 -273 58 -27 -3 240
36,000 190 -100 -320 50 -42 -15 262
40, 000 200 -123 -363 49 -53 -23 288
1,000 0 0 4 - 4 0 0 0
. -6, .
Total Strain x 10 in. /in.
200 -123 -367 53 -53 -23 288

€01



Table 42, Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No,
(lIbs.) R-4-H R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H
1,000 0 0 0 0 0 0 0
4, 000 - 4 - 10 3 19 23 - 10 - 25
8,000 0 - 12 20 53 50 - 14 - 63
12,000 -3 - 26 30 80 67 - 30 -100
16,000 -3 - 37 41 108 - 83 - 43 -135
20, 000 -10 - 48 51 138 98 - 57 -172
24,000 -14 - o6l 6l 164 110 - 71 -205
28, 000 -18 - 178 72 195 125 - 80 -226
32,000 - 8 - 78 92 238 158 - 84 -264
36,000 -18 -100 100 257 159 -110 -300
40, 000 -19 -108 110 285 174 -125 -347
1,000 0 0 0 0 4 10 7

Total Strain x 10_6 in. /in.

-19 -108 110 285 170 -135 -354

701



Table 43.

Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No Gage No. Gage No. Gage No, Gage No. Gage No.

(lbs. ) R-3-45 R-3-H R-5-V R-5-45 R-5-H R-4-V R-4-45
1,000 0 0 0 0 0 0 0
4, 000 - 22 - 3 40 29 -3 14 - 4
8,000 - 50 -8 90 77 -0 30 - 10
12,000 - 84 -18 127 108 -3 33 - 27
16,000 -117 -23 170 133 -10 40 - 38
20, 000 -150 -30 206 176 -13 43 - 58
24, 000 -186 -42 240 190 -23 40 -
28, 000 -220 -51 275 237 -28 41 - 96
32,000 -255 -57 312 260 -26 56 -100
36,000 -293 -70 344 300 =37 50 -125
40, 000 -327 =71 380 318 -40 54 -143
1,000 5 5 5 10 10 0 0

. -6.
Total Strain x 10 ~ in. /in.

-332 -82 375 308 -50 54 -143

q01



Table 44, Beam With Holes - Load at 35 in. From Supports,

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-1-H R-1-45 R-1-Vv R-2-H R-2-45 R-2-V R-3-Vv
1,000 0 0 0 0 0 0 0
4, 000 - 33 - 18 13 35 38 8 - 22
8,000 - 178 - 47 30 90 917 30 - 40
12,000 -128 - 88 30 138 147 40 - 68
16,000 -187 -136 26 185 197 53 - 97
20, 000 -230 -177 30 238 250 62 -113
24,000 -297 -230 20 280 297 70 -160
28, 000 -347 -274 18 330 350 80 -188
32,000 -401 -323 18 384 401 90 -217
36,000 -458 -374 11 424 450 98 -250
40, 000 -513 -423 11 477 500 107 -280
1,000 5 5 5 5 5 5 5

Total Strain x 10—6 in. /in.

-518 -428 6 472 495 102 -285

901



Table 45,

Beam With Holes - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-4 G-5 G-1 G-8 G-23 G-24 G-7 G-6
1,000 11, 804 10, 456 8,977 9, 252 8,936 9,897 9,015 9,836
4,000 11,816 10, 483 8,952 9, 205 8,965 9,946 9,007 9,835
8,000 11,844 10,516 8,914 9,140 9,003 10,015 9,005 9,838
12,000 11,873 10, 557 8,875 9,075 9, 054 10, 080 9,007 9, 840
16,000 11,903 10, 693 8,834 9,013 9, 080 10,143 9,003 9, 844
20, 000 11,928 10,622 8, 800 8,947 9,120 10,212 9,000 9, 845
24, 000 11,957 10, 663 8, 758 8,883 9,157 10, 274 8,997 9, 855
28, 000 11,985 10, 690 8,720 8,815 9,195 10,343 8,994 9,856
32,000 12,007 10,728 8, 680 8,752 9,233 10, 405 8,993 2,853
36,000 12,043 10, 766 8, 640 8,685 9,272 10, 473 8,988 9,855
40, 000 12,070 10,802 8,602 8,622 9,313 10, 538 8,984 9,857
1,000 11,813 10, 464 8,987 9,262 8,944 9,907 9,024 9,850

. 6.
Total Strain x 10 ~ in. /in.

257 338 -385 -640 369 631 -40 7

LO1



Table 46. Beam With Holes - Load at 35 in., From Supports.

Load Gage No. Gage No. Gage No, Gage No. Gage No. Gage No. Gage No.,
(lbs.) G-20 G-16 G-9 G-17 G-18 G-2 G-3
1,000 10,832 9,933 10,978 9,690 10,368 10, 257 11, 206
4,000 10, 788 9,922 10,930 9, 638 10,323 10, 230 11,178
8,000 10, 746 9,917 10,874 9,575 10, 266 10,196 11,150
12,000 10, 700 9,908 10,814 9,512 10, 202 10,165 11,117
16,000 10, 655 9,905 10, 755 9,447 10,145 10,130 11,084
20, 000 10,612 9,904 10, 705 9,387 10,090 10, 095 1:,054
24, 000 10, 567 9,900 10, 647 9,327 10,032 10, 060 11,020
28, 000 10, 530 9,903 10,598 9,270 9,980 10,023 19,096
32,000 10,477 9,890 10,536 9, 205 9,918 9,987 11,955
36,000 10,432 9,983 10,478 9,137 9,858 9,954 10,922
40, 000 10,390 9,984 10, 427 9,082 9,803 9,918 10,890
1,000 10,828 9,937 10,982 9,694 10,375 10, 265 11, 215

Total Strain x 10-6in./hh

-438 -53 -555 -612 -572 -347 -325

801



Table 47, Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No, Gage No. Gage No. Gage No,
(lbs.) G-15 G-21 G-22 G-27 G-26 G-25 G-19
1,000 10, 285 11,424 11,736 10, 628 11, 648 10,212 11,007
4,000 10, 282 11, 435 11,766 10,665 11, 688 10, 252 10,958
8,000 10, 285 11, 477 11,823 10, 726 11, 752 10,314 10,904
12,000 10, 286 11, 522 11,880 10, 785 11,813 10,370 10,847
16,000 10, 293 11, 560 11,934 10, 848 11,875 10,432 10, 788
20, 000 10, 286 11,595 11,987 10,907 11,938 10, 496 1v, 733
24,000 10,290 11,637 12,040 10,964 12,000 10, 555 10,678
28, 000 10, 297 11,680 12,095 11,026 12,0064 10,620 10, 625
32,000 10, 295 11, 713 12,145 11,090 12,122 10,673 11,566
36, 000 10, 294 11, 755 12, 200 11,134 12,180 10,733 10, 506
40, 000 10, 298 11, 798 12, 255 11, 203 12, 247 10,800 10, 457
1,000 10, 288 11,418 11,736 10,632 11, 648 10,215 11, 005

-6
Total Strain x 10 in, /in.

10 380 519 571 599 585 -548

601



Table 48,

Beam With Holes - Load at 35 in, From Supports,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-9-45 R-9-V G-10 G-11 G-12 G-13 G-14
1,000 0 0 9,402 9,338 10, 547 10, 530 10, 214
4,000 10 - 6 9,377 9,327 10, 542 10, 528 10, 228
8,000 28 - 12 9,350 9,325 10, 548 10, 545 10, 262
12,000 40 - 26 9,318 9,315 10, 555 10, 556 10,293
16,000 45 - 47 9, 288 9,308 10, 556 10, 577 10,323
20, 000 61 - 58 9,263 9,303 10, 562 10, 585 10,342
24,000 72 - 175 9,233 9,296 10, 568 10, 605 10,380
28, 000 90 - 80 9, 205 9, 287 10, 577 10,622 10,416
32,000 98 -100 9,168 9,277 10, 574 10, 628 10, 436
36,000 120 -103 9,138 9, 262 10,574 10, 640 10,467
40, 000 131 -117 9,114 9,262 10, 585 10,662 10, 500
1,000 - 35 - 35 9,403 9,344 10, 544 10, 525 10, 220

. -6. .
Total Strain x 10  in, /in.

166 - 82 -289 -82 41 137 280

011



Table 49.

Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No, Gage No.
(Ibs.) R-8-V R-8-45 R-8-H R-7-V R-7-45 R-7-H R-9-H
1,000 0 0 0 0 0 0 0
4,000 24 - 4 - 37 8 -8 - 8 10
8, 000 57 - 10 - 78 17 -13 -17 37
12,000 75 - 28 -120 18 -27 -26 63
16,000 81 - 52 -167 12 -40 -33 80
20, 000 97 - 71 -210 12 -50 -40 108
24, 000 109 - 90 -250 9 -60 -47 133
28,000 137 -100 -280 18 -67 -45 165
32,000 132 -126 -333 10 -81 -60 186
36,000 160 -133 -360 22 -80 -53 223
40, 000 170 -158 -402 19 -88 -57 253
1,000 - 35 - 35 - 35 -35 -35 -35 -35
. -6. .
Total Strain x 10~ in, /in,
205 -123 -367 54 -53 -22 288

ITI



Table 50,

Beam With Holes - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(1bs. ) R-4-H R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H
1,000 0 0 0 0 0 0 0
4,000 0 - 4 8 18 26 - 17 - 38
8,000 -3 - 17 18 45 50 - 12 - 77
12,000 -14 - 38 22 68 60 - 33 -110
16,000 -22 - 51 29 92 70 - 56 -162
20,000 -30 - 72 30 113 80 - 73 -202
24,000 -38 - 92 36 137 90 - 92 -240
28, 000 -40 -103 48 165 106 -104 -268
32,000 -51 -123 52 190 118 -124 -323
36,000 -54 -134 61 218 135 -126 -350
40, 000 -56 -145 73 248 140 -153 -383
1,000 -27 - 27 -27 - 27 - 27 - 27 - 40
. -6, .
Total Strain x 10  in./in.
-29 -123 100 275 167 -126 -343

AN



Table 51,

Beam With Holes - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.

(Ibs.) R-3-45 R-3-H R-5-V R-5-45 R-5-H R-4-V R-4-45
1,000 0 0 0 0 0 0 0
4,000 - 23 - 10 41 30 0 15 - 4
8, 000 - 60 - 18 85 60 -11 23 - 17
12,000 -100 - 30 126 86 -24 24 - 38
16,000 -140 - 42 154 130 -27 25 - 57
20, 000 -184 - 60 184 144 -53 20 - 83
24,000 -224 - 77 215 168 -56 16 -103
28, 000 -260 - 84 253 204 -59 20 -122
32,000 -300 - 917 288 218 -73 13 -145
36,000 -337 -109 312 243 -78 16 -162
40, 000 -368 -113 355 274 -83 20 -180
1,000 - 34 - 34 - 38 - 27 -27 -27 - a7

. -6 . .
Total Strain x 10  in./in.

-334 - 19 393 301 -56 47 -153

c1t



Table 52,

Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-1-H R-1-45 R-1-V R-2-H R-2-45 R-2-V R-3-V
1,000 0 0 0 0 0 0 0
4,000 - 40 - 14 20 38 40 12 - 18
8, 000 -100 - 62 20 82 86 21 - 50
12,000 -160 -110 19 130 136 28 - 83
16,000 -210 -150 18 170 181 30 -118
20, 000 -270 -205 4 211 224 36 -158
24,000 -336 -262 -5 252 268 39 -192
28, 000 -385 -309 -8 300 318 47 -226
32,000 -446 -360 -12 340 363 55 -255
36,000 -510 -417 -22 390 414 58 -293
40, 000 -555 -454 -16 447 472 74 -317
1,000 - 40 - 40 -40 - 34 - 34 -34 - 34
. -6, .
Total Strain x 10 in. /in,
-515 -414 24 481 506 108 -283

v11



Table 53,

Beam With Holes - Load 35 in. From Supports,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-8-45 R-8-H R-7-V R-7-45 R-7-H R-9-H R-9-45 R-9-V
1,000 0 0 0 0 0 0 0 0
4,000 0 - 25 16 0 0 17 20 0
8,000 - 10 - 72 23 -10 -10 40 30 -12
12,000 - 23 -112 25 -18 -17 70 50 -23
16, 000 - 32 -145 30 -23 -20 100 65 -33
20,000 - 36 -177 43 -20 -10 137 90 -37
24,000 - 60 -220 40 -33 -20 160 100 -50
28,000 - 78 -260 40 -42 -25 186 114 -64
32,000 - 90 -297 47 -46 -27 217 130 -75
36,000 -108 -338 48 -56 -30 244 145 -84
40, 000 -124 -380 50 -60 -30 275 160 -93
1,000 - 23 - 20 -20 -20 -20 - 20 - 20 -20
. -6. .
Total Strain x 10 in, /in.
-101 -360 70 -40 -10 295 180 -73

ST11



Table 54, Beam With Holes - Load 35 in, From Supports,

Load Gage No, Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H R-8-V
1,000 0 0 0 0 0 0 0
4,000 - 8 3 18 26 - 8 - 23 34
8,000 - 20 17 47 49 - 13 - 60 57
12,000 - 32 22 73 67 - 30 -113 80
16,000 - 45 31 102 83 - 44 -140 105
20, 000 - 62 43 128 103 - 57 -174 132
24,000 - 73 58 160 115 - 72 -218 140
28, 000 - 88 61 185 127 - 89 -257 153
32,000 -101 73 214 143 -100 -290 178
36,000 -118 80 240 153 -120 -322 193
40, 000 -128 90 267 168 -133 -365 210
1,000 - 24 -23 - 23 - 18 - 18 - 23 - 23

Total Strain x 10-6 in. /in,

-104 113 290 186 -115 -342 233

911



Table 55,

Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(1bs.) R-3-H R-5-V R-5-45 R-5-H R-4-V R-4-45 R-4-H
1, 000 0 0 0 0 0 0 0
4, 000 - 3 43 22 - 8 12 - 8 - 4
8,000 - 12 86 55 -18 20 - 22 -10
12, 000 - 24 123 87 -23 22 - 38 -15
16, 000 - 32 168 120 -28 30 - 51 -17
20, 000 - 43 197 148 -37 30 - 72 -22
24,000 - 50 233 180 -38 32 - 88 -24
28, 000 - 60 273 207 -50 30 -108 -30
32,000 - 73 307 237 -55 33 -122 -31
36, 000 - 85 343 265 -62 36 -143 -37
40, 000 -100 383 300 -66 40 -160 -37
1,000 - 27 - 27 - 24 -24 -24 - 24 -24
. -6. .
Total Strain x 10~ in. /in.
-73 410 324 -42 64 -136 -13

L11



Table 56, Beam With Holes - Load at 35 in., From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No, Gage No.
(lbs.) R-1-45 R-1-V R-2-H R-2-45 R-2-V R-3-V R-3-45
1,000 0 0 0 0 0 0 0
4,000 - 10 22 42 44 17 - 17 - 23
8,000 - 55 23 86 90 20 - 56 - 60
12,000 - 98 23 132 138 27 - 89 -100
16,000 -144 23 180 190 38 -115 -137
20, 000 -190 20 227 237 42 -150 -173
24,000 -230 20 277 290 55 -176 -203
28, 000 -282 18 323 340 62 -211 -247
32,000 -333 12 370 388 67 -244 -285
36, 000 -383 12 417 437 76 -280 -324
40, 000 -440 8 467 490 84 -311 -365
1,000 - 36 -24 - 24 - 24 -24 - 27 - 27

Total Strain x 10~° in. /in.

-404 32 491 514 108 -284 -338

811



Table 57.

Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(1bs.) G-10 G-11 G-12 G-13 G-14 G-15 R-1-H
1,000 9,406 9,343 10, 546 10, 524 10, 217 10, 294 0
4,000 9,383 9,336 10, 552 10, 540 10, 237 10, 295 - 31
8,000 9,357 9,334 10, 556 10, 552 10, 270 10, 295 - 86
12,000 9,326 9,326 10, 564 10, 570 10,303 10, 296 -143
16, 000 9, 295 9,307 10, 557 10, 575 10,316 10, 285 -195
20, 000 9, 266 9,300 10, 570 10, 595 10,358 10, 297 -250
24, 000 9, 240 9,300 10,572 10,608 10, 386 10, 297 -302
28, 000 9,210 9,293 10,573 10,625 10,414 10,300 -357
32,000 9,182 9, 285 10, 583 10, 637 10, 445 10,300 -423
36,000 9,155 9,276 10, 586 10, 655 10,477 10,300 -480
40, 000 9,118 9,265 10, 585 10,670 10, 504 10,304 -540
1,000 9,402 9,346 10, 547 10, 530 10,222 10, 294 - 27
. -6, .
Total Strain x 10  in. /in.
-284 -81 38 140 282 10 -513

611



Table 58. Beam With Holes - Load at 35 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No, Gage No.
(lbs,) G-25 G-19 G-20 G-16 G-9 G-17 G-18
1,000 10, 210 11,017 10,835 9,933 10,976 9,702 10,373
4,000 10, 256 10,977 10, 800 9,927 10,935 9,657 10,332
8,000 10,318 10,920 10, 757 9,922 10,877 9,595 10, 272
12,000 10,378 10,862 10,713 9,917 10,820 9,532 10, 215
16,000 10, 435 10,802 10,658 9,905 10, 757 9, 458 10,146
20, 000 10, 500 10, 750 10,622 9,907 10,706 9,405 10, 096
24,000 10, 560 10,695 10, 577 9,905 10,652 9,342 10, 037
28, 000 10,623 10,635 10,532 9,897 10,595 9, 282 9,982
32,000 10, 684 10, 583 10, 485 9,895 10, 543 9,222 9,924
36,000 10, 745 10, 525 10, 545 9,887 10, 485 9,155 9,862
40, 000 10,805 10, 463 10,397 9,887 10,434 9,086 9,807
1,000 10,220 11,008 10,833 9,937 10,984 9,695 10,377

Total Strain x 10—6in./hh

585 -545 -436 -50 -550 -609 -570

021



Table 59. Beam With Holes - Load at 35 in, From Supports.

Load Gage No. Gage No. Gage No, Gage No. Gage No. Gage No. Gage No.
(Ibs. ) G-24 G-7 G-6 G-21 G-22 G-217 G-26
1,000 9,897 9,020 9,836 11,420 11, 733 10, 626 11, 646
4, 000 9,945 9,013 9,835 11, 445 11,773 10,673 11, 696
8,000 10,010 9,010 9,842 11,485 11,830 10, 736 11,758
12,000 10,073 9,002 9,838 11, 526 11,885 10,795 11,822
16,000 10,138 9,004 9,842 11, 560 11,937 10,848 11,878
20, 000 10, 207 9,000 9,850 11,607 11,995 10,913 11,945
24,000 10,270 8,997 9,853 11, 644 12, 047 10,968 12,007
28,000 10,335 8,995 9,856 11,685 12,100 11,030 12,065
32,000 10, 405 8,992 9,852 11,723 12,155 11, 087 12,130
36, 000 10,467 8,987 9,853 11,762 12,205 11,144 12,193
40, 000 10, 536 8,983 9,860 11,797 12, 255 11, 205 12, 248
1,000 9,907 9,025 9,848 11,424 11, 744 10, 633 11, 648

-6
Total Strain x 10 in. /in.

629 -42 12 373 511 572 600

121



Table 60. Beam With Holes - Load at 35 in, From Supports.

Load Gage No, Gage No, Gage No, Gage No, Gage No. Gage No, Gage No.
(lIbs.) G-2 G-3 G-4 G-5 G-1 G-8 G-23
1,000 10, 260 11, 203 11,797 10, 464 8,983 9,265 8,936
4,000 10, 232 11,178 11,823 10, 487 8,954 9,217 8,967
8,000 10,197 11,148 11,840 10, 523 8,916 9,150 9,007
12,000 10,166 11,116 11,872 10, 564 8,876 9,087 9, 045
16, 000 10,128 11,086 11,900 10, 595 8,837 9,022 9,085
20, 000 10, 095 11,054 11,930 10, 636 8,797 8,957 9,123
24,000 10, 060 11,022 11,955 10, 665 8,760 8,893 9,158
28, 000 10,027 10,988 11,985 10,698 8,720 8,826 9,197
32,000 9,987 10,955 12,012 10,735 8, 682 8,763 9, 235
36,000 9,955 10,924 12,037 10, 772 8, 643 8,695 9,275
40, 000 9,918 10,893 12,065 10, 800 8,602 8, 623 9,312
1,000 10, 263 11, 213 11,813 10,472 8,987 9, 264 8,948

Total Strain x 10-6 in. /in,

-345 -320 252 328 -385 -641 364

221



Table 61,

Beam With Holes - Load at 38 in. From Supports,

Load

Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-4 G-5 G-1 G-8 G-23 G-24 G-7 G-6
1,000 11,753 10,410 8,945 9,213 8,887 9,864 8,973 9,606
4,000 11,778 10,435 8,918 9,167 8,915 9,907 8,977 9,608
8,000 11,807 10, 485 8,885 9,105 8,963 9,983 8,983 9,622
12,000 11, 840 10, 520 8, 847 9,037 9, 000 10, 046 8,985 9,626
16,000 11,873 10, 554 8,817 8,977 9, 046 10,117 8,985 9,626
20, 000 11,905 10, 588 8,775 8,917 9,084 10,185 8,987 9,634
24,000 11,937 10, 626 8,745 8,853 9,125 10, 254 8,986 9,636
28, 000 11,968 10, 665 8, 700 8, 788 9,163 10,317 8,988 9,643
32,000 12,005 10,710 8, 667 8,725 9, 203 10,387 8,990 9, 645
36,000 12,025 10, 745 8, 627 8,663 9, 242 10, 450 8,987 9, 645
37,000 12,035 10, 748 8,620 8, 647 9, 250 10, 467 8,993 9, 645
1,000 11,784 10, 440 8,968 9,235 8,914 9,888 9,00 9,635
. -6, .
Total Strain x 10  in. /in.
251 308 -348 -588 336 579 -7 10

gel



Table 62, Beam With Holes - Load at 38 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-11 G-12 G-13 G-14 G-15 G-2 G-3
1,000 9, 284 10, 500 10,477 10,176 10, 246 10, 206 11,145
4, 000 9,278 10, 500 10,488 10,198 10, 247 10,187 11,119
8,000 9,273 10,510 10, 507 10, 230 10, 260 10,156 11,093
12,000 9,277 10, 522 10, 526 10, 272 10, 266 10,127 11,058
16,000 9,270 10, 526 10, 545 10,307 10,272 10,094 11,027
20, 000 9,267 10,533 10, 558 10,340 10,277 10, 057 10,993
24,000 9,267 10, 547 10, 578 10,375 10, 285 10, 025 10,965
28, 000 9,263 10, 545 10, 595 10, 405 10, 287 9,995 10,930
32,000 9, 263 10, 555 10,615 10, 445 10, 290 9,965 10,905
36,000 9, 257 10, 563 10,633 10,473 10,300 9,927 10, 866
37,000 9, 256 10, 565 10, 635 10, 483 10,303 9,922 10, 860
1,000 9,307 10,517 10,495 10,188 10, 264 10, 236 11,174

-6
Total Strain x 10  in. /in.

-51 48 140 295 39 -314 -314

P21



Table 63. Beam With Holes - Load at 38 in. From Supports.,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-19 G-20 G-16 G-9 G-17 G-18 G-10
1,000 10,952 10,773 9,883 10,917 9,610 10,325 9,344
4,000 10,914 10,730 9,886 10,875 9, 564 10, 278 9,323
8,000 10, 857 10, 685 9,896 10,817 9,497 10, 217 9, 298
12,000 10, 797 10, 640 9,898 10, 762 9,436 10,160 9,277
16,000 10, 740 10,595 9,907 10, 705 9,373 10,097 9, 255
20,000 10, 682 10, 545 9,907 10, 645 9,305 10,035 9,232
24,000 10, 624 10, 500 9,914 10, 588 9, 245 9,980 9,210
28, 000 10, 567 10,454 9,915 10, 530 9,184 9,918 9,185
32,000 10, 507 10, 405 9,922 10,473 9,122 9,857 9,166
36, 000 10, 450 10,358 9,923 10, 405 9,058 9,794 9,140
37,000 10, 435 10, 345 9,925 10,390 9, 044 9,780 9,135
1,000 10,985 10,795 9,907 10,940 9, 637 10,350 9,365

Total Strain x 10”° in. /in.

-550 -450 18 -550 -593 -570 -230

621



Table 64,

Beam With Holes - Load at 38 in. From Supports.,

Load

Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-9-45 R-9-V G-21 G-22 G-217 G-26 G-25

1,000 0 0 11,373 11,697 10, 583 11,600 10,175

4,000 16 - 9 11,405 11, 746 10,635 11,657 10, 227

8,000 30 - 23 11,455 11,807 10, 703 11,728 10, 297

12,000 43 - 37 11, 505 11,875 10,774 11,803 10,367
16, 000 57 - 50 11, 551 11,937 10, 845 11,875 10, 438
20, 000 73 - 63 11,598 11,998 10,908 11,945 10, 505
24,000 100 - 70 11, 647 12,065 10,977 12,017 10,574
28, 000 104 - 90 11,696 12,125 11,046 12,085 10, 645
32,000 120 -104 11, 745 12,185 11,115 12,158 10, 706
36,000 130 -121 11, 785 12, 245 11,175 12,224 10, 776
37,000 131 -123 11, 797 12, 258 11,194 12, 243 10, 795
1,000 - 18 - 18 11,395 11,725 10, 607 11,625 10, 200

. -6. .
Total Strain x 10  in. /in.
149 -105 402 533 587 618 595

9Z1



Table 65. Beam With Holes - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No,
(lbs.) R-3-V R-8-45 R-8-H R-7-V R-7-45 R-7-H R-9-H
1,000 0 0 0 0 0 0 0
4,000 -3 - 20 - 25 - 10 - 10 0 20
8,000 -10 - 45 - 60 - 25 - 25 0 50
12,000 -19 - 70 - 90 - 40 - 40 0 77
16,000 -19 - 87 -120 - 50 - 45 0 110
20, 000 -20 -107 -153 - 62 - 58 2 140
24,000 - 8 -116 -170 - 60 - 57 15 187
28, 000 -22 -148 -214 - 84 - 78 7 208
32,000 -21 -170 -248 - 95 - 90 7 240
36,000 -27 -193 -282 -112 -103 3 267
37,000 -25 -197 -291 -113 -104 4 275
1,000 -12 - 18 - 22 - 16 - 22 -22 - 22

Total Strain x 10~° in. /in,

-13 -179 -269 -917 -82 26 297

LzZ1



Table 66,

Beam With Holes - Load at 38 in, From Supports.

Load Gage No. Gage No, Gage No. Gage No. Gage No., Gage No. Gage No.

(Ibs.) R-4-H R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H
1,000 0 0 0 0 0 0 0
4,000 8 0 16 30 13 - 13 - 24
8,000 0 - 23 25 58 23 - 38 - 67
12,000 0 - 37 40 90 33 - 57 -110
16,000 -3 - 57 58 128 47 - 77 -145
20, 000 -10 - 1 65 158 55 -100 -180
24,000 -14 - 97 78 193 70 -100 -212
28, 000 -10 -107 100 230 85 -132 -265
32,000 -17 -127 110 260 90 -153 -303
36,000 -20 -145 120 293 100 -174 -340
37,000 -25 -152 122 300 100 -180 -352
1,000 -12 - 12 - 12 - 12 - 3 - 3 - 22

. -6 . .
Total Strain x 10 ~ in, /in.

-13 -140 134 312 103 =177 -330

821



Table 67. Beam With Holes - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No, Gage No. Gage No. Gage No. Gage No.,
(lbs, ) R-3-45 R-3-H R-5-V R-5-45 R-5-H R-4-V R-4-45
1,000 0 0 0 0 0 0 0
4,000 - 11 3 30 30 7 11 0
8,000 - 47 -10 56 50 -3 7 - 24
12,000 - 80 -20 83 78 -10 8 - 40
16,000 -115 -30 115 115 -12 5 - 60
20, 000 -150 -40 143 133 -21 0 - 80
24,000 -187 -52 174 160 -27 0 -100
28,000 -217 -56 210 195 -25 7 -113
32,000 -252 -70 240 220 -27 5 -132
36,000 -290 -80 260 248 -37 0 -153
37,000 -302 -86 269 252 -40 0 -160
1,000 - 11 -11 - 10 0 -13 -10 - 10

Total Strain x 10-6 in. /in.

-291 -75 279 252 -27 10 -150
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Table 68,

Beam With Holes - Load at 38 in. From Supports,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-1-H R-1-45 R-1-V R-2-H R-2-45 R-2-V R-3-V
1,000 0 0 0 0 0 0 0
4,000 - 24 - 20 10 48 48 21 - 7
8,000 - 83 - 13 0 90 90 30 - 37
12,000 -135 -123 -10 140 140 37 - 67
16,000 -188 -173 -20 186 186 43 -100
20, 000 -244 -227 -30 231 233 417 -130
24,000 -300 -280 -40 280 285 55 -163
28,000 -350 -323 -40 330 338 68 -185
32,000 -403 -377 -54 377 385 75 -214
36,000 -456 -435 -65 420 430 80 -250
37,000 -470 -445 -67 428 440 80 -257
1,000 - 11 - 1 -1 - 1 - 7 -11 - 11
. -6. .
Total Strain x 10 ~ in. /in.
-459 -438 -60 435 447 91 -246
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Table 69.

Beam With Holes - Load at 38 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No., Gage No. Gage No. Gage No. Gage No.
(lbs.) G-4 G-5 G-1 G-8 G-23 G-24 G-17 G-6
1,000 11, 794 10, 440 8,976 9, 240 8,916 9,895 9,008 9,638
4,000 11,816 10,476 8,953 9,195 8,945 9,945 9,010 9,643
8,000 11, 845 10,515 8,915 9,134 8,987 10,015 9,013 9, 653
12,000 11,878 10, 546 8,875 9,066 9,026 10,077 9,008 9, 646
16,000 11,912 10,590 8, 840 9,008 9,074 10,145 9,013 9,658
20,000 11,936 10,618 8,803 8,943 9,112 10,215 9,013 9, 655
24,000 11,964 10, 655 8, 763 8,875 9,156 10, 283 9,008 9, 666
28,000 11,993 10, 694 8,725 8,810 9,185 10,340 9,005 9, 663
32,000 12,025 10,725 8,685 8,748 9, 228 10, 410 9,003 9, 670
36, 000 12,054 10, 764 8,647 8, 684 9,265 10,474 9,006 9,668
37,000 12, 055 10,773 8,636 8,665 9,272 10, 485 9,005 9,667
1,000 11,805 10, 463 8,990 9, 255 8,934 9,910 9,023 9,653

. -6. .
Total Strain x 10 ~ in, /in.

250 310 -354 -590 338 575 -18 14
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Table 70. Beam With Holes - Load at 38 in. From Supports,

Load Gage No. Gage No, Gage No. Gage No., Gage No, Gage No, Gage No.
(Ibs.) G-11 G-12 G-13 G-14 G-15 G-2 G-3
1,000 9,320 10, 535 10, 506 10, 206 10,278 10, 245 11,183
4,000 9,315 10, 540 10, 520 10, 233 10, 285 10, 223 11,157
8,000 9,315 10, 547 10, 543 10, 265 10, 290 10,195 11,127
12,000 9,306 10, 550 10, 553 10, 296 10, 294 10,157 11,095
16,000 9,303 10, 555 10, 566 10,335 10, 297 10,124 11,064
20, 000 9,295 10, 565 10, 590 10,365 10,305 10,090 11,030
24,000 9,293 10, 567 10,605 10, 400 10,307 10, 050 11,964
28,000 9, 285 10, 572 10,617 10, 430 10,311 10,018 10,960
32,000 9, 285 10, 580 10,638 10, 463 10,318 9,985 10,928
36, 000 9,277 10, 584 10, 654 10, 494 10,323 9,953 10,895
37,000 9,277 10, 585 10, 658 10, 498 10,320 9,945 10,885
1,000 9,328 10, 543 10,515 10, 215 10, 287 10, 265 11,194

Total Strain x 10° in. /in.

-51 42 143 283 33 -320 -309
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Table 71, Beam With Holes - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.
(lbs.) G-19 G-20 G-l6 G-9 G-17 G-18 G-10
1,000 10,994 10,807 9,917 10,948 9,657 10,360 9,377
4,000 10,948 10, 773 9,923 10,906 9, 608 10,315 9,360
8,000 10, 888 10,724 9,925 10,850 9,945 10, 250 9,335
12,000 10,825 10, 674 9,924 10, 788 9,475 10,184 9,306
16, 000 10,767 10, 627 9,925 10, 732 9,413 10,126 9, 285
20,000 10,704 10, 582 9,930 10,673 9,345 10,058 9, 260
24,000 10, 646 10,532 9,930 10, 613 9,280 10, 000 9, 235
28, 000 10, 585 10,480 9,928 10, 547 9,213 9,937 9, 207
32,000 10, 525 10,435 9,932 10, 488 9,150 9,878 9,185
36, 000 10, 465 10,385 9,933 10,424 9,084 9,814 9,164
37,000 10, 450 10,368 9,934 10,405 9,058 9,798 9,157
1,000 11,003 10,816 9,933 10,964 9, 655 10,372 9,385

Total Strain x 107° in. /in,

-553 -448 1 -559 -597 -574 -228
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Table 72,

Beam With Holes - Load at 38 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-9-45 R-9-V G-21 G-22 G-27 G-26 G-25
1,000 0 0 11, 407 11,735 10, 616 11,635 10, 206
4,000 10 - 12 11, 443 11, 784 10, 665 11, 688 10, 263
8,000 33 - 20 11,488 11,845 10,735 11,758 10,333
12,000 47 - 35 11,533 11,907 10,795 11,825 10,395
16,000 56 - 55 11, 580 11,967 10, 864 11, 897 10,464
20, 000 80 - 60 11,630 12,033 10,935 11,970 10, 534
24,000 83 - 85 11,672 12,085 10,994 12,035 10, 594
28, 000 100 -100 11,715 12,145 11,060 12,105 10, 663
32,000 120 -108 11, 764 12, 205 11,127 12,175 10,728
36,000 137 -118 11,805 12,265 11,194 12, 240 10,795
37,000 136 -123 11,815 12,278 11, 207 12, 257 10,808
1,000 - 11 - 20 11,417 11, 748 10, 627 11, 645 10, 223

. -6, .
Total Strain x 10  in, /in.

147 -103 398 530 580 612 585
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Table 73. Beam With Holes - Load at 38 in, From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-8-V R -8-45 R-8-H R-7-V R-7-45 R-7-H R-9-H
1,000 0 0 0 0 0 0 0
4,000 -8 - 20 - 26 - 10 -10 0 20
8,000 0 - 30 - 48 - 18 -17 7 60
12,000 -3 - 55 - 84 - 30 -27 7 90
16,000 -13 - 83 -120 - 48 -43 0 114
20, 000 -3 - 92 -145 - 50 -42 10 157
24, 000 -17 -123 -185 - 72 -65 0 175
28,000 -11 -141 -214 - 80 -15 3 210
32,000 -7 -157 -244 - 88 -80 8 247
36,000 0 -170 -275 - 93 -84 10 280
37,000 0 -180 -288 -100 -90 10 288
1,000 -20 - 18 - 10 - 23 -18 -18 - 11

-6
Total Strain x 10  in. /in.

20 162 278 - 17 72 28 299
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Table 74.

Beam With Holes - Load at 38 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(Ibs. ) R-4-H R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H
1,000 0 0 0 0 0 0 0
4,000 -8 - 15 7 20 0 - 23 - 30
8, 000 0 - 27 28 60 23 - 37 - 60
12,000 0 - 40 44 917 36 - 53 -103
16,000 -20 - 73 44 119 37 - 83 -137
20, 000 -10 - 80 70 166 62 - 90 -176
24,000 -26 -110 71 188 63 -120 -231
28,000 -20 -120 90 228 80 -131 -270
32,000 -20 -132 110 267 100 -145 -300
36,000 -20 -150 125 300 115 -160 -323
37,000 -26 -160 123 300 111 -170 -353
1,000 -15 - 15 - 15 - 12 - 13 - 12 - 8

. -6. .
Total Strain x 10 in. /in.

-11 -145 138 312 124 -158 -345
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Table 75. Beam With Holes - Load at 38 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-3-45 R-3-H R-5-V R-5-45 R-5-H R-4-V R-4-45
1,000 0 0 0 0 0 0 0
4, 000 - 27 -10 20 20 -10 -4 - 18
8, 000 - 52 -10 58 58 -3 3 - 28
12,000 - 80 -17 91 80 -10 0 - 44
16,000 -125 -35 114 97 -27 -10 - 76
20, 000 -153 -37 154 144 -19 0 - 80
24,000 -203 -60 172 168 =317 -10 -112
28, 000 -230 -60 211 205 -30 0 -120
32,000 -263 -70 247 224 -33 3 -134
36,000 -295 -73 280 250 =37 7 -153
37,000 -305 -80 286 260 -40 0 -162
1,000 0 0 - 8 - 06 -10 -20 - 18

Total Strain x 10_6 in, /in.,

-305 -80 294 266 -30 20 -144
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Table 76.

Beam With Holes - Load at 38 in. From Supports.

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.
(Ibs.) R-1-H R-1-45 R-1-V R-2-H R-2-45 R-2-V R-3-V
1,000 0 0 0 0 0 0 0
4,000 - 38 - 38 -4 30 30 0 - 22
8,000 - 85 - 76 0 90 90 23 - 40
12,000 -117 -111 0 147 147 37 - 65
16,000 -186 -174 -19 180 180 31 -106
20, 000 -230 -218 -20 240 244 51 -130
24, 000 -311 -290 -45 267 273 40 ~-175
28, 000 -350 -328 -42 327 332 57 -196
32,000 -400 -374 -45 380 390 70 -222
36,000 -450 -420 -45 433 440 80 -250
37,000 -483 -447 -54 438 449 80 -260
1,000 3 0 0 0 0 0 0
. -6. .
Total Strain x 10~ in. /in.
-486 -447 -54 438 449 80 -260
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Table 77. Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage 1& Gage No. Gage No.

(lbs.) R-8-45  R-8-H R-7-V' R-7-45 R-7-H  R-9-H'  R-9-45  R-9-V
0 0 0 0 0 0 0 0 0
2,000 - 27 - 57 8 0 -10 - 21 - 22 - 10
4, 000 Y -110 13 5 -18 - 38 - 43 - 22
6, 000 - 84 -157 23 14 -18 - 44 - 60 - 32
8, 000 -128 -220 18 10 -27 - 60 - 83 - 52
10, 000 163 -273 17 12 -37 - 18 -109 - 70
12, 000 -203 -331 17 17 -40 - 90 -133 - 88
14, 000 -235 -381 20 20 -43 -102 -151 - 98
16, 000 -276 -437 20 22 -49 -120 -174 -113
18, 000 -312 -487 20 30 -50 -130 -197 -127
0 - 28 - 28 -28 -28 -28 - 28 - 28 - 28

Total Strain x 10-6in./hL

-284 -459 48 58 -22 -102 -169 - 99

6¢1



Table 78. Beam With Holes - Load at Centerline.

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No,
(lbs.) R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H R-8-V
0 0 0 0 0 0 0 0
2,000 3 38 42 30 15 0 20
4,000 0 68 83 57 30 - 8 24
6,000 0 108 134 94 58 -10 34
8,000 0 143 180 110 64 -20 30
10,000 - 4 178 230 130 79 -28 30
12,000 -10 210 271 146 90 -35 30
14,000 -16 250 323 172 108 -27 37
16,000 -16 287 370 193 123 -37 38
18,000 -15 322 420 215 138 -37 40
0 -31 - 27 - 27 - 31 - 28 -28 -28

Total Strain x 10-6 in. /in.

16 349 447 246 166 -9 68
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Table 79. Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs., ) R-3-H R-5-V R-5-45 R-5-H R-4-V R-4-45 R-4-H
0 0 0 0 0 0 0 0
2,000 - 4 19 12 -3 9 - 4 - 4
4,000 -21 30 20 -18 0 -22 -18
6,000 -20 50 30 -13 0 -28 -20
8,000 -28 60 55 -22 3 -38 -26
10, 000 -40 68 53 -33 -3 -58 -36
12,000 -48 83 60 -38 -3 -70 -38
14, 000 -56 98 84 -38 - 4 -178 -43
16,000 -63 108 86 -47 -3 -88 -44
18, 000 -71 121 112 -48 0 -93 -44
0 -31 - 31 - 31 -31 -31 -31 -31

Total Strain x 10-6 in. /in.

-40 152 143 -17 31 -62 -13
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Table 80, Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-1-45 R-1-V R-2-H R-2-45 R-2-V R-3-V R-3-45
0 0 0 0 0 0 0 0
2,000 - 18 7 217 22 12 - 8 - 8
4, 000 - 38 - 2 38 41 13 - 25 - 27
6, 000 - 58 0 66 67 28 - 37 - 38
8,000 - 88 -9 80 84 26 - 53 - 57
10,000 -111 -10 100 108 30 - 70 - 78
12,000 -150 -23 118 128 30 - 88 -100
14,000 -173 -26 136 148 30 -103 -114
16,000 -207 -37 153 170 32 -123 -138
18,000 -230 -40 177 192 36 -138 -156
0 - 31 -31 - 31 - 31 -31 - 31 - 31

Total Strain x 10-6 in. /in.

-199 -9 208 223 67 -107 -125
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Table 81, Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-10 G-11 G-12 G-13 G-14 G-15 R-1-H
0 9,398 9,325 10, 523 10,493 10,163 10, 278 0
2,000 9,370 9,310 10, 525 10,513 10,191 10, 284 - 22
4, 000 9,343 9,300 10, 525 10, 528 10, 220 10, 287 - 57
6, 000 9,316 9, 287 10, 527 10, 542 10, 254 10, 288 - 83
8,000 . 9, 284 9, 270 10, 524 10, 560 10, 283 10, 294 -108
10, 000 9, 255 9, 255 10, 524 10,578 10,306 10, 294 -136
12,000 9,228 9, 236 10, 527 10, 595 10, 340 10,300 -177
14,000 9,197 9,222 10, 524 10,0614 10,367 10,305 -204
16,000 9,167 9, 208 10,528 10,630 10,393 10,307 -234
18,000 9,138 9,193 10, 528 10, 643 10, 424 10,312 -261
0 9,405 9,332 10,525 10,497 10,167 10, 285 - 31

Total Strain x 10—6 in. /in.

-267 -139 3 146 257 27 -230
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Table 82, Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-25 G-19 G-20 G-16 G-9 G-17 G-18
0 10,137 11, 045 10, 848 9,930 11,050 9,725 10, 404
2,000 10,173 11,010 10,817 9,927 11,023 9,703 10,367
4, 000 10, 204 10,973 10, 787 9,923 10,990 9,683 10,328
6,000 10, 238 10,935 10, 755 9,918 10,960 9, 655 10, 288
8,000 10, 270 10, 898 10, 725 9,915 10,930 9,628 10, 250
10,000 10,300 10, 858 10, 692 9,912 10,897 9,605 10, 208
12,000 10,330 10,824 10, 658 9,905 10, 865 9,582 10,170
14,000 10,362 10, 785 10, 628 2,995 10,835 9, 557 10,130
16,000 10,390 10, 747 10, 596 9,898 10, 804 9, 530 10,088
18,000 10, 422 10,712 10, 565 9,895 10,774 9, 508 10, 050
0 10,147 11,053 10,854 9,938 11,058 9,732 10, 414

Total Strain x 10~° in. /in.

275 -341 -289 -43 -284 -224 -364
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Table 83, Beam With Holes - Load at Centerline,

Load Gage No, Gage No. Gage No. Gage No, Gage No. Gage No. Gage No,
(Ibs. ) G-24 G-7 G-6 G-21 G-22 G-27 G-26
0 9,707 9,097 10, 027 11,367 11,697 10,562 11, 583
2,000 9,737 9,097 10,033 11,398 11,737 10, 612 11, 607
4,000 9,770 9,097 10,027 11,427 11,776 10, 650 11,630
6, 000 9,807 9,095 10,032 11, 457 11,820 10, 695 11,655
8, 000 9,845 9,095 10,032 11, 487 11,857 10, 737 11,680
10,000 9,873 9,088 10, 036 11, 517 11,896 10, 780 11, 700
12,000 9,900 9,090 10,033 11, 545 11,934 10,820 11,725
14, 000 9,935 9,092 10,033 11,573 11,970 10, 864 11,747
16,000 9,967 9,088 10,037 11, 600 12,007 10,905 11,770
18, 000 10,002 9,085 10,034 11,628 12,043 10,945 11,788
0 9,714 9,102 10,038 11,373 11,705 10,572 11,588

Total Strain x 10_6 in, /in,

288 -17 -4 255 338 373 200
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Table 84, Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(1bs.) G-2 G-3 G-4 G-5 G-1 G-8 G-23
0 10, 274 10,808 11,728 10, 530 9,147 9,386 8,937
2,000 10, 262 10,797 11,750 10, 547 9,128 9,353 8,963
4,000 10, 245 10, 783 11,767 10, 570 9,113 9,322 8,980
6, 000 10,228 10,770 11,788 10, 593 9,095 9,290 9,000
8,000 10,213 10, 756 11,805 10, 610 9,074 9, 257 9,022
10,000 10,194 10,738 11,820 10,622 9,052 9,223 9,038
12,000 10,173 10, 722 11,835 10, 644 9,032 9,187 9,056
14, 000 10,158 10, 706 11,850 10, 660 9,014- 9,156 9,077
16,000 10,140 10, 690 11,864 10, 676 8,992 9,122 9,092
18,000 10,120 10, 675 11,877 10, 694 8,972 9,090 9,112
0 10, 283 10,814 11, 738 10, 536 9,155 9,392 8,945

Total Strain x 10-6 in. /in,

-163 -139 139 158 -183 -302 167
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Table 85. Beam With Holes - Load at Centerline

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(1bs.) G-17 G-18 G-10 G-11 G-12 G-13 G-14 G-15
0 9,725 10, 403 9,397 9,326 10, 524 10, 491 10, 160 10, 283
2,000 9,704 10, 370 9,373 9,312 10, 525 10, 512 10,190 10, 285
4,000 9,678 10, 328 9,342 9,297 10, 525 10, 525 10, 223 10, 287
6,000 9,655 10, 288 9,312 9, 285 10, 527 10, 542 10, 250 10, 287
8,000 9,631 10, 250 9, 287 9, 267 10, 523 10, 560 10, 275 10, 294
10,000 9,607 10, 213 9, 257 9, 254 10, 523 10, 578 10, 308 10, 298
12,000 9,580 10,170 9,225 9, 240 10, 527 10, 588 10, 335 10, 300
14,000 9,557 10,130 9, 200 9,226 10, 527 10, 606 10, 360 10, 305
16,000 9,530 10, 093 9,168 9,212 10, 528 10, 628 10,390 10, 307
18,000 9,508 10, 052 9,144 9,193 10, 524 10, 642 10, 420 10,312
0 9,732 10, 411 9,404 9,333 10, 524 10, 492 10, 168 10, 284

-6
Total Strain x 10 ~ in. /in.

-224 -359 -260 ~-140 0 150 252 28
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Table 86, Beam With Holes - Load at Centerline.

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-27 G-26 G-25 G-19 G-20 G-16 G-9
0 10, 563 11, 583 10,138 11, 047 10, 846 9,933 11,052
2,000 10, 607 11,608 10,173 11,012 10,816 9,927 11,025
4,000 10, 648 11,630 10, 205 10,975 10, 787 9,924 10,992
6,000 10,692 11, 653 10,235 10,937 10, 754 9,921 10,960
8, 000 10, 737 11,673 10, 265 10,900 10,724 9,917 10,930
10,000 10,773 11, 700 10,295 10,863 10,693 9,912 10,900
12,000 10,818 11,722 10, 327 10,823 10, 660 9,907 10,867
14,000 10,860 11, 744 10,357 10, 786 10, 626 9,907 10,837
16,000 10,900 11, 767 10,390 10, 750 10, 595 9,900 10,805
18,000 10,940 11,787 10,418 10, 713 10, 564 9,897 10,774
0 10,572 10, 587 10,146 11, 054 10,852 9,938 11, 058

Total Strain x 107° in. /in.

368 200 272 -341 -288 -41 -284
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Table 87, Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No,
(lbs.) G-8 G-23 G-24 G-7 G-6 G-21 G-22
0 9,392 8,944 9,708 9,102 10,015 11,367 11, 696
2,000 9,353 8,958 9,742 9,097 10,010 11,397 11,737
4, 000 9,327 8,980 9,771 9,097 10,010 11,425 11,777
6, 000 9,293 8,998 9,800 9,097 10,012 11,453 11,816
8,000 9, 260 9,018 9,838 9,096 10,012 11,483 11,853
10,000 9,226 9,038 9,867 9,096 10,015 11,513 11,894
12,000 9,193 9,057 9,898 9,088 10,015 11, 540 11,928
14,000 9,160 9,075 9,934 9,094 10,017 11, 566 11,967
16, 000 9,128 9,095 9,967 9,093 10, 025 11,596 12,005
18, 000 9,095 9,116 10, 000 9,090 10,028 11,626 12,043
0 9,395 8,948 9,715 9,107 10,030 11,372 11,703

Total Strain x 10-6 in. /in.

-300 168 285 -17 -2 254 340
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Table 88, Beam With Holes - Load at Centerline,

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-9-45 R-9-V G-2 G-3 G-4 G-5 G-1 '
0 0 0 10, 280 10,815 11,728 10, 527 9,152
2,000 - 16 - 3 10, 260 10, 794 11, 747 10, 552 9,137
4, 000 - 37 - 17 10, 243 10, 784 11,767 10, 570 9,117
6,000 - 58 - 30 10,225 10,768 11,785 10,582 9,094
8,000 - 80 - 42 10,210 10, 753 11,798 10, 602 9,075
10, 000 -100 - 60 10,195 10,737 11,816 10, 620 9,057
12,000 -120 - 68 10,177 10, 722 11,830 10, 642 9,036
14,000 -142 - 83 10,157 10, 706 11, 847 10, 660 9,015
16,000 -185 -120 10,143 10, 692 11,862 10,678 8,996
18,000 -197 -126 10,125 10,675 11,878 10, 696 8,976

0 - 40 - 40 10, 287 10, 820 11, 740 10, 540 9,157

Total Strain x 10-6 in. /in,

-157 - 86 -162 -145 138 156 -181

091



Table 89, Beam With Holes - Lioad at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(Ibs.) R-8-V R-8-45 R-8-H R-7-V R-7-45 R-7-H R-9-H

0 0 0 0 0 0 0 0
2,000 18 - 22 - 56 13 0 -10 - 13
4,000 L7 - 53 -110 13 3 -17 - 32
6, 000 22 - 90 -165 20 10 -20 - 45
8,000 30 -122 -218 23 10 -24 - 60
10, 000 30 -160 -273 23 12 -30 - 72
12,000 42 -187 -317 32 23 -30 - 80
14,000 38 - =230 -376 30 30 -38 - 96
16,000 23 -288 -450 10 10 -60 -130
18,000 32 -316 -490 20 23 -50 -130

0 -40 - 40 - 40 -40 -40 -40 - 40

Total Strain x 1070 in. /in.

72 -276 -450 60 63 -10 -90
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Table 90, Beam With Holes - lL.oad at Centerline,

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-4-H R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H
0 0 0 0 0 0 0 0
2,000 0 6 40 42 42 28 - 2
4,000 -10 10 77 90 70 37 -17
6, 000 -16 6 112 136 98 52 -22
8,000 -20 0 144 180 120 68 -18
10, 000 -25 0 184 230 143 81 -26
12,000 -30 0 220 278 167 110 -23
14,000 -30 0 260 330 187 118 -32
16,000 -55 -217 275 357 190 110 -50
18,000 -51 -20 318 411 218 133 -43
0 -32 -32 - 32 - 32 - 32 - 32 -40

Total Strain x 10°° in. /in.

-19 12 350 443 250 165 -3
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Table 91. Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No,

(lbs.) R-3-45 R-3-H R-5-V R-5-45 R-5-H R-4-V R -4-45
0 0 0 0 0 0 0 0
2,000 - 5 -5 23 13 -7 9 0
4, 000 - 18 -10 40 27 -10 10 -10
6, 000 - 33 -17 60 38 -17 10 -20
8, 000 - 50 -23 72 48 -22 10 -30
10,000 - 67 -28 86 64 -24 10 -40
12,000 - 83 -38 100 72 -32 3 -56
14,000 -100 -43. 112 110 -33 8 -61
16,000 -145 -71 105 80 -52 -10 -93
18,000 -145 -67. 144 108 -48 -3 -95

Total Strain x 10—6 in. /in.

-113 -35 176 140 -16 29 -63
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Table 92, Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs,) R-1-H R-1-45 R-1-V R-2-H R-2-45 R-2-V R-3-V
0 0 0 0 0 0 0 0
2,000 - 23 - 10 10 28 28 14 - 5
4,000 - b3 - 40 3 43 47 22 - 17
6, 000 - 77 - 60 8 68 70 31 - 27
8,000 -107 - 83 3 90 96 36 - 42
10,000 -134 -110 0 110 120 42 - 54
12,000 -160 -130 -3 132 147 48 - 70
14,000 -184 -155 -8 153 170 52 - 86
16,000 -238 -210 38 150 166 30 -127
18,000 -248 -220 -32 185 200 43 -134
0 - 32 - 32 -32 - 32 - 32 -32 - 32

Total Strain x 10-6 in. /in.

-216 -188 0 217 232 75 102
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Table 93,

Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-4 G-5 G-1 G-8 G-23 G-24 G-7 G-6
0 11,717 10, 533 9,177 9,390 8,945 9,683 9,098 9,948
1,000 11,732 10, 542 9,156 9,377 8,957 9,700 9,095 9,954
2,000 11,745 10, 563 2,147 9,364 8,965 9,717 9,097 9,957
4,000 11,758 10,573 9,127 9,333 8,985 9, 747 9,095 9,957
6, 000 11,778 10, 587 9,110 9,300 9,003 9,780 9,095 9,957
8,000 11,787 10, 600 9,095 9, 265 9,024 9,813 9,100 9,964
10,000 11, 806 10, 622 9,070 9,230 9,035 9,845 - 9,107 9,966
12,000 11,820 10, 637 9,057 9,203 9,060 9,877 9,093 9,972
14,000 11,835 10, 655 9,035 9,167 9,075 9,915 9,090 9,980
16, 000 11, 850 10, 668 9,010 9,134 9,090 9,945 9,088 9,988
18,000 11,865 10, 684 8,978 9,098 9,106 9,986 9,092 10,002
0 11,732 10,535 9,158 9,393 8,948 9,717 9,108 10, 005
. -6 .
Total Strain x 10 ~ in, /in.
133 149 -180 -295 158 201 -16 -3
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Table 94. Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-11 G-12 G-13 G-14 G-15 G-2 G-3
0 9,307 10, 505 10,482 10,147 10, 283 10, 287 10, 760
1,000 9,304 10,513 10,493 10,166 10, 284 10, 287 10, 762
2,000 9,297 10, 510 10,498 10,180 10, 288 10, 283 10, 756
4,000 9,285 10, 515 10,517 10, 210 10, 293 10, 278 10, 742
6, 000 9,270 10, 517 10, 535 10, 238 10, 294 10, 280 10,730
8,000 9,255 10,518 10, 550 10, 268 10, 298 10,230 10,713
10, 000 9, 240 10, 518 10, 568 10, 297 10,305 10, 215 10, 696
12,000 9,225 10, 517 10, 580 10,323 10,307 10,195 10, 680
14,000 9,215 10, 520 10, 603 10,355 10,308 10,178 10, 667
16,000 9, 203 10, 525 10,620 10,382 10,310 10,150 10, 665
18,000 9,193 10, 528 10, 637 10, 410 10,310 10,130 10, 670
0 9,330 10, 525 10, 500 10,165 10, 287 10, 285 10,812

-6
Total Strain x 10 ~ in. /in.

-137 3 137 245 23 -155 -142
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Table 95, Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) G-19 G-20 G-l16 G-9 G-17 G-18 G-10
0 11,037 10,745 9,330 11,062 9,708 10, 438 9,385
1,000 11,023 10,735 9,930 11,050 9,697 10, 425 9,377
2,000 11,006 10,720 9,925 11,034 9, 685 10, 405 9,365
4,000 10,970 10,688 9,925 11,008 9,667 10,368 9,935
6, 000 10,932 10, 657 9,920 10,975 9,637 10,330 9,307
8,000 10,895 10, 625 9,914 10,945 9,617 10,292 9, 280
10, 000 10,858 10, 595 9,912 10,914 9,592 10, 250 9, 248
12,000 10,820 10,573 9,907 10,878 9,570 10, 207 9,222
14, 000 10, 784 10, 566 9,907 10,845 9,550 10,155 9,190
16,000 10, 748 10, 557 9,900 10,810 9,528 10,105 9,168
18,000 10,715 10, 563 9,900 10,774 9,512 10, 054 9,140
0 11,055 10,853 9,940 11,058 9,730 10,415 9,402

Total Strain x 10-6 in. /in.

-340 -290 -40 -284 -218 -361 -262
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Table 96, Bearmn With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs,) R-9-45 R-9-V G-21 G-22 G-27 G-26 G-25
0 0 0 11,333 11,687 10, 568 11, 600 10,120
1,000 - 10 0 11,353 11,707 10, 597 11,617 10,140
2,000 - 18 - 8 11,365 11,725 10,615 11,628 i0,155
4,000 - 30 - 10 11,395 11, 765 10, 660 11,650 10,187
6,000 - 52 - 25 11,425 11,804 10,702 11,674 10, 218
8,000 - 70 - 30 11, 455 11,842 10, 740 11,695 10, 250
10,000 - 90 - 46 11,483 11,878 10, 783 11,717 10, 280
12,000 -108 - 60 11,515 11,915 10,816 11, 738 10,315
14,000 -140 - 80 11, 548 11,952 10,850 11,753 10,353
16,000 -157 - 90 11,580 11,988 10,893 11,768 10,383
18,000 -200 -114 11,615 12,033 10,935 11,780 10,410
0 - 30 - 22 11,370 11,694 10, 568 11,588 10,145

Total Strain x 1070 in. /in,

-170 - 92 245 339 367 192 265
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Table 97. Beam With Holes - Load at Centerline.
Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-8-V R -8-45 R-8-H R-7-V R-7-45 R-7-H R-9-H
0 0 0 0 0 0 0 0
1,000 2 - 17 - 32 3 3 -3 -10
2,000 12 - 25 - 57 10 10 -3 -18
4, 000 20 - 55 -108 20 12 -10 -30
6, 000 27 - 85 -160 23 20 -10 -42
8, 000 40 -117 -210 34 28 -10 -50
10, 000 42 -157 -266 34 34 -12 -60
12,000 48 -208 -323 38 38 -22 -72
14,000 38 -262 -362 42 42 -27 -92
16,000 40 -300 -390 54 54 -27 -103
18,000 30 -343 -418 58 53 -40 -133
0 -47 - 60 40 3 -10 -20 -30
. -6, .
Total Strain x 10 in./in.
77 -283 -458 55 63 -20 -103
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Table 98,

Beam With Holes - Load at Centerline.

Load Gage No, Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-4-H R-6-V R-6-45 R-6-H R-10-V R-10-45 R-10-H
0 0 0 0 0 0 0 0
1,000 -7 -2 13 13 13 0 -11
2,000 - -10 0 38 42 42 17 -11
4,000 -10 7 77 90 72 37 -17
6, 000 -10 10 116 140 100 57 -20
8,000 -13 12 154 190 130 77 -15
10,000 -13 12 193 238 152 93 -20
12,000 -18 12 232 288 173 110 -18
14,000 -20 10 274 344 193 130 -13
16,000 -18 13 318 403 217 157 0
18,000 -33 0 348 447 214 173 12
0 -20 -20 0 8 -30 6 20
. -6, .
Total Strain x 10 ~ in. /in.
-13 -20 348 439 244 167 -8
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Table 99. Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-3-45 R-3-H R-5-V R-5-45 R-5-H R-4-V R -4-45
0 0 0 0 0 0 0 0
1,000 - 13 -11 8 0 -10 0 -1
2,000 - 17 -17 18 10 -10 3 -10
4,000 - 26 -20 33 22 -12 10 -13
6,000 - 38 -23 50 37 -13 12 -22
8,000 - 53 -30 70 44 -17 20 -26
10, 000 - 68 -33 83 66 -18 20 -33
12,000 - 83 -38 100 90 -16 20 -43
14,000 -100 -40 118 103 -22 20 -57
16, 000 -116 -48 132 108 -18 18 -58
18,000 -145 -72 128 120 -15 0 -83
0 - 18 -27 -27 -20 0 -28 -24

Total Strain x 10-6 in. /in.

-127 -45 155 140 -15 -28 -59
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Table 100, Beam With Holes - Load at Centerline,

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs. ) R-1-H R-1-45 R-1-V R-2-H R-2-45 R-2-V R-3-V
0 0 0 0 0 0 0 0
1,000 - 12 - 12 0 0 10 -3 -10
2,000 - 23 - 20 0 15 22 2 -10
4,000 - 50 - 37 3 42 50 18 -20
6, 000 - 82 - 60 0 60 73 28 -30
8,000 -110 - 87 0 80 97 32. -42
10, 000 -136 -110 0 105 120 37 -57
12,000 -160 -140 -8 128 143 42 -70
14,000 -188 -160 - 8 150 170 50 -80
16,000 -220 -188 -10 174 197 60 -96
18,000 -230 -220 -18 193 223 62 -118
0 0 - 28 -20 - 10 - 10 -18 - 18

Total Strain x 10~ in. /in.

-230 -192 2 203 233 80 -100
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Table 101,

Beam With Holes - l.oad at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No Gage No. Gage No. Gage No
(lbs.) R-1-V R-2-H R-2-45 R-2-V R-3-H R-3-45 R-3-V R-5-H
0 0 0 0 0 0 0 0 0

5,000 12 62 71 32 -11 - 20 - 20 0
10, 000 10 137 144 59 -12 - 53 - 44 3
15,000 7 202 217 76 -23 - 86 - 73 3
20, 000 4 264 284 93 -28 -121 -103 0

0 10 10 10 10 10 10 10 10
Total Strain x 10_6 in. /in.
-6 254 274 83 -38 -131 -113 -10
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Table 102,

Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No, Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-8-H R -8-45 R-8-V R-9-H R-9-45 R-1-H R-1-45
0 0 0 0 0 0 0 0
5,000 -129 86 16 -33 - 45 - 62 - 57
10,000 -252 -166 46 -49 - - 88 -132 -113
15,000 -360 -245 64 -71 -130 -195 -176
20,000 -504 -321 74 -94 -176 -257 -233
0 10 0 10 10 10 10 10
Total Strain x 10_6 in. /in,

-514 -321 64 -104 -186 -267 -243
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Table 103, Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-12-45 R-12-V R-5-45 R-5-V R-6-H R-6-45 R-6-V
0 0 0 0 0 0 0 0
5,000 190 -3 49 52 140 114 12
10,000 377 -5 - 98 98 274 212 21
15,000 562 -16 147 156 413 331 34
20, 000 753 -26 193 205 546 428 28
0 10 10 10 10 10 10 10

Total Strain x 10™° in. /in.

743 -36 183 195 536 418 18
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Table 104,

Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.
(lIbs.,) R-10-H R-10-45 R-10-V R-11-H R-11-45 R-11-V R-12-H
0 0 0 0 0 0 0 0
5, 000 0 44 69 -181 -157 17 206
10, 000 10 98 137 -368 -305 45 418
15,000 3 145 206 -554 -472 57 617
20, 000 16 192 273 -738 -639 74 813
0 3 0 2 10 10 10 10
Total Strain x 10~° in. /in.
13 192 271 -748 -649 64 803
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Table 105,

Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs,) R-13-H R-13-45 R-13-V R-14-H R-14-45 R-14-V R-9-V
0 0 0 0 0 0 0 0
5,000 42 92 22 - 61 - 96 -2 - 24
10,000 77 182 38 -121 -202 -13 - 43
15,000 125 282 52 -172 -304 -16 - 74
20,000 166 376 73 -232 -410 -23 -105
0 10 0 10 0 0 10 0

Total Strain x 10_6 in. /in,

156 376 63 -232 -410 -33 -105
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Table 106, Beam With Holes - Load at Centerline.

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.,
(Ibs.) G-31 G-39 G-21 G-22 R-7-H R-7-45 R-7-V
0 13, 205 9,535 10,800 11,190 0 0 0
5,000 13,167 9,605 10,875 11, 285 0 18 18
10,000 13,130 9,665 10,945 11,385 0 32 32
15,000 13,095 9,720 11,065 11,477 0 58 58
20, 000 13,056 9,780 11,085 11,572 4 78 62
0 13, 205 9, 542 10, 806 11,195 10 10 10

Total Strain x 10—6 in, /in,

149 238 279 377 6 68 52
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Table 107,

Beam With Holes - L.oad at Centerline,

Load Gage No, Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(1bs.) G-29 G-28 G-32 G-33 G-34 G-35 G-30
0 14,395 13, 207 13,675 13,390 12,685 11,370 12, 265
5,000 14, 483 13, 248 13,722 13,377 12,705 11,330 12,176
10,000 14, 565 13,293 13,767 13,372 12,727 11, 294 12,088
15,000 14, 645 13,330 13,815 13,365 12,748 11, 255 12,000
20, 000 14,717 13,375 13,860 13,355 12,766 11,217 11,912
0 14,384 13,205 13,675 13,390 12,685 11,370 12,266

Total Strain x 10~° in, /in.

-333 -170 -185 35 -81 153 354
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Table 108,

Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No, Gage No.
(1bs.) G-4 G-5 G-6 G-17 G-8 G-23 G-24
0 11, 255 11, 225 11,990 12, 600 13,515 12,730 11,773
5,000 11,218 11,185 12,000 12,615 13,600 12,688 11,695
10, 000 11,180 11,142 11,995 12,615 13,685 12,637 11,610
15,000 11,143 11,095 11,993 12,615 13,770 12,590 11,533
20, 000 11,105 11,045 11,980 12, 607 13,855 12,538 11, 444
0 11, 255 11,215 11,980 12,595 13,517 12,722 11,763

Total Strain x 10™° in, /in.

150 170 0 -12 -338 184 319
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Table 109,

Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. CGage No.
(1bs.) G-27 G-36 G-38 G-37 G-1 G-2 G-3
0 15,923 8, 565 6,767 9,712 12,670 11,415 10, 465
5,0‘00 16,026 8, 460 6,695 9,815 12,733 11,475 10,512
10, 000 16,129 8,345 6,630 9,917 12,780 11,522 10, 550
15,000 16, 232 8, 240 6, 565 10,015 12,825 11, 561 10, 585
20, 000 16,335 8,137 6,495 10,115 12,867 11,597 10, 622
0 15,923 8,573 6,773 9,715 12,667 11,415 10, 455
Total Strain x 10™° in, /in,

412 -436 -278 400 -200 -182 -167

L1



Table 110,

Beam With Holes - Load at Centerline.

Load

Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs,) G-17 G-18 G-15 G-19 G-20 G-16 G-26
0 9, 200 9,995 9,832 10, 525 10,393 9, 537 11,232
5,000 9,140 9,893 9,844 10, 430 10,305 9, 527 11, 285
10, 000 9,075 9,785 9,855 10,335 10, 223 9,520 11, 345
15,000 9,020 9,695 9,858 10, 244 10,146 9, 513 11, 405
20, 000 8,960 9,590 9,865 10,148 10,060 9, 505 11, 465
0 9, 205 9,995 9,827 10, 530 10,397 9, 544 11, 235

Total Strain x 10-6 in. /in,

-245 -405 38 -382 -337 -39 230
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Table 111, Beam With Holes - Load at Centerline.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No

(lbs.) R-1-V R-2-H R-2-45 R-2-V R-3-H R-3-45 R-3-V R-5-H
0 0 0 0 0 0 0 0 0
4,000 6 55 60 28 0 - 14 - 8 0
8, 000 5 107 114 46 -5 - 36 - 29 - 4
16,000 0 216 232 81 -15 - 87 - 68 6
20, 000 3 267 284 96 -21 -122 -105 - 4
0 10 10 10 10 10 10 10 10

Total Strain x 107° in. /in.

-7 257 274 86 -31 -132 -115 -14
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Table 112,

Beam With Holes - Load at Centerline,

Load Gage No Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-8-H R-8-45 R-8-V R-9-H R-9-45 R-1-H R-1-45
0 0 0 0 0 0 0 0
4,000 -104 - 56 30 -10 - 10 - 40 - 28
8,000 -207 -124 49 -27 - 50 - 95 - 80
16,000 -407 -264 77 -60 -131 -205 -178
20, 000 ~-514 -335 70 -81 -165 -261 -227
0 - 13 - 24 7 19 19 10 10
Total Strain x 10_6 in. /in.

-501 -316 63 -100 -184 -271 -237
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Table 113,

Beam With Holes - Load at Centerline,

IL.oad

Gage No. Gage No. Gage No. Gage No. Gage No. Gage No, Gage No,

(lbs.) R-12-45 R-12-V R-5-45 R-5-V R-6-H R-6-45 R-6-V
0 0 0 0 0 0 0 0
4,000 146 2 29 41 116 83 16
8, 000 308 7 67 82 221 164 21
16, 000 603 -19 148 163 441 334 31
20, 000 746 -30 177 197 547 412 26
0 4 4 4 4 4 4 4

Total Strain x 10-6 in. /in.

742 -34 173 193 543 408 22
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Table 114, Beam With Holes - Load at Centerline.

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(Ibs.) R-10-H R-10-45 R-10-V R-11-H R-11-45 R-11-V R-12-H
0 0 0 0 0 0 0 0
4,000 0 43 70 -153 -118 14 151
8,000 22 102 138 -305 -255 35 319
16,000 20 167 222 -608 -520 51 641
20,000 27 207 280 -760 -650 60 797
0 12 12 12 - 12 - 1 4 4

Total Strain x 10-6 in. /in.

15 195 268 -748 -643 56 793
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Table 115,

Beam With Holes - Load at Centerline,.

Lioad Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.
(Ibs.) R-13-H R-13-45 R-13-V R-14-H R-14-45 R-14-V R-9-V
0 0 0 0 0 0 0 0
4,000 0 82 26 --39 - 67 0 -16
8, 000 67 162 42 - 82 -145 0 -13
16,000 127 312 64 -170 -310 -13 -73
20, 000 175 394 81 -215 -394 -30 -97
0 12 12 12 12 12 1 12
Total Strain x 10-6 in. /in.
163 382 69 -227 -406 -31 -109
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Table 116, Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs, ) G-31 G-39 G-21 G-22 R-7-H R-7-45 R-7-V
0 13, 445 9,533 10,803 11,183 0 0 0
4,000 13,415 9,576 10,853 11,262 0 23 0
8,000 13,385 9,625 10,905 11,335 0 41 41
16,000 13,325 9,723 11,033 11, 487 0 70 60
20, 000 12, 295 9,775 11,082 11, 565 0 87 74
0 13, 445 9,532 10,795 11,184 6 12 12

Total Strain x 10-6 in. /in.

150 243 287 381 -6 75 62
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Table 117,

Beam With Holes - Load at Centerline,

Load Gage No, Gage No. Gage No. Gage No, Gage No. Gage No. Gage No.
(lbs.) G-29 G-28 G-32 G-33 G-34 G-35 G-30
0 14,416 13, 207 13,675 13,638 12,954 11,373 12,505
4, 000 14, 475 13, 241 13,712 13,625 12,975 11,342 12,435
8,000 14, 545 13,275 13,749 13,615 12,977 11,311 12,363
16,000 14,675 13,343 13,823 13,605 13,025 11, 249 12, 225
20, 000 14,748 13,377 13,860 13,607 13, 045 11,218 12,152
0 14, 415 13, 207 13,6757 13, 645 12,955 11,373 12,505

Total Strain x 10-6 in. /in.

-333 -170 -185 38 -90 155 353
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Table 118,

Beam With Holes - Load at Centerline,

Load Gage No.. Gage No, Gage No, Gage No, Gage No, Gage No. Gage No.

(1bs,) G-4 G-5 G-6 G-7 G-8 G-23 G-24
0 10, 564 11, 235 12,057 12,610 12,916 12,738 11,780
4,000 10, 534 11,195 12,056 12,615 12,984 12,703 11, 715
8,000 10, 504 11,160 12,057 12,615 13,052 12,662 11, 645
16,000 10, 444 11,095 12,057 12,625 13,188 12, 587 11,518
20,000 10,414 11,065 12,072 12, 640 13, 256 12,564 11, 468
0 10, 565 11, 243 12,062 12, 625 12,916 12,750 11,793

Total Strain x 10~° in, /in.

151 178 -10 -15 -340 186 -333
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Table 119,

Beam With Holes - Load at Centerline,

Load Gage No, Gage No. Gage No, Gage No. Gage No. Gage No, Gage No.
(lbs.) G-27 G-36 G-38 G-37 G-1 G-2 G-3
0 15,672 8,685 6, 745 9,693 12,695 11, 440 10,476
4,000 15,754 8,595 6, 690 9, 766 12,726 11,475 1¢, 505
8,000 15,837 8, 506 6, 635 9,842 12,765 11, 505 10, 540
16,000 16,002 8,334 6, 525 10, 005 12,845 11, 580 10, 607
20, 000 16,084 8, 246 6,477 10, 085 12,890 11,625 10, 643
0 15,672 8, 689 6, 750 9,695 12,695 11, 445 10, 484
Total Strain x 10~° in. /in.

412 -443 -273 400 -195 -180 -159
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Table 120,

Beam With Holes - Load at Centerline,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-17 G-18 G-15 G-19 G-20 G-16 G-26
0 9,185 9,992 9,812 10,512 10,336 9,522 11, 228
4,000 9,135 9,913 9,814 10, 438 10, 268 9,515 11, 275
8,000 9,085 9,832 9,822 10,364 10, 200 9,505 11,322
16,000 8,985 9, 666 9,838 10, 206 10,070 9,495 11,416
20,000 8,935 9, 584 9,843 10,125 10,008 9,495 11,465
0 9,190 9,992 9,815 10, 515 10,348 9,530 11, 228

Total Strain x 10" in. /in.

-255 -408 28 -390 -340 -35 237

281



Table 121, Beam With Holes - Load at 4 Ft., From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lIbs.) G-48 G-49 G-50 G-51 G-52 G-53
0 0 0 0 0 0 0
5,000 60 82 106 - 64 - 85 -106
10,000 123 165 209 -127 -163 -210
15,000 177 240 309 -188 -244 -308
20,000 239 326 417 -248 -324 -411
21, 000 253 341 438 -260 -339 -432
0 0 0 0 0 0 0

Total Strain x 10_6 in, /in.

253 341 438 -260 -339 -432
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Table 122, Beam With Holes - Load at 4 Ft. From Right Support,

Load Gage No., Gage No. Gage No, Gage No. Gage No., Gage No,
(lbs.) G-42 G-43 G-44 G-45 G-46 G-47
0 0 0 0 0 0 0
5,000 132 105 - 88 - 71 74 89
10, 000 259 216 -173 -155 143 17.9
15,000 379 320 -258 -230 206 258
20, 000 506 421 -342 -302 275 347
21, 000 533 446 -358 -316 290 366
0 0 0 0 0 0 0

Total Strain x 10-6 in, /in,

533 446 -358 -316 290 366
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Table 123, Beam With Holes - Load at 4 Ft, From Right Support.

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-17-45 R-17-H R-18-V R-18-45 R-18-H G-40 G-41
0 0 0 0 0 0 0 0
5,000 166 182 3 88 105 -116 -133
10,000 327 362 4 176 211 -231 -265
15,000 483 535 4 261 312 -342 -399
20, 000 644 715 3 346 419 -454 -535
21, 000 675 752 3 365 442 -476 -559
0 2 0 0 0 0 0 0

Total Strain x 10-6 in. /in.

673 752 3 365 442 -476 -559
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Table 124, Beam With Holes - Load at 4 Ft. From Right Support,

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs.) R-15-V R-15-45 R-15-H R-16-V R-16-45 R-16-H R-17-V
0 0 0 0 0 0 0 0

5,000 7 -21 -104 10 - 30 -171 0
10,000 13 -36 -205 16 - 56 -338 -2
15,000 22 -50 -305 25 - 19 -502 - 8
20,000 25 -62 -406 31 -100 -666 -15
21,000 26 -69 -427 31 -105 -700 -17

0 2 0 2 0 2 2 2

Total Strain x 10”° in. /in,

24 -69 -429 31 -107 -702 -19
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Table 125,

Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-48 G-49 G-50 G-51 G-52 G-53
0 0 0 0 0 0 0
5,000 59 83 105 - 61 - 78 -100
10, 000 124 169 209 -121 -157 -203
15,000 183 250 314 -182 -237 -303
20, 000 239 328 416 -231 -318 -410
21, 000 252 347 439 -238 -336 -430
0 1 3 3 22 6 6

Total Strain x 10_6 in. /in.

251 344 436 -260 -342 -436
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Table 126. Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No.
(lbs.) G-42 G-43 G-44 G-45 G-46 G-47
0 0 0 0 0 0 0
5,000 125 110 - 89 - 83 63 79
10, 000 249 211 -174 -158 133 170
15,000 376 319 -259 -234 202 256
20, 000 507 425 -335 -290 274 344
21, 000 537 451 -351 -301 289 364
0 14 10 16 27 9 10

Total Strain x 10-6 in. /in,

523 441 -367 -328 280 354
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Table 127, Beam With Holes - Load at 4 Ft. From Right Support,

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.
(lbs.) R-17-45 R-17-H R-18-V R-18-45 R-18-H G-40 G-41
0 0 0 0 0 0 0 0
5,000 166 181 8 91 107 -118 -143
10, 000 331 360 16 188 219 -229 -2717
15,000 501 544 23 281 327 -343 -411
20, 000 668 734 29 372 4317 -467 -522
21, 000 706 717 30 393 463 -494 -541
0 33 30 33 33 28 - 8 31

Total Strain x 10-6 in, /in.

673 747 -3 360 435 -486 -572
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Table 128, Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No. Gage No. G‘age No. Gage No., Gage No. Gage No.

(Ibs.) R-15-V R-15-45 R-15-H R-16-V R-16-45 R-16-H R-17-V
0 0 0 0 0 0 0 0
5,000 11 -16 -103 16 -23 -171 4
10, 000 22 -23 -197 31 -41 -332 13
15,000 29 -34 -295 39 -59 -496 7
20,000 38 -71 -419 37 -42 -624 5
21, 000 44 -71 -458 38 -47 -640 3
0 26 -3 - 27 9 55 68 23

Total Strain x 10-6 in. /in,

18 -68 431 29 -102 -708 -20
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Table 129, Beam With Holes - Load at 4 Ft. From Right Support,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-48 G-49 G-50 G-51 G-52 G-53
0 0 0 0 0 0 0
5,000 52 75 101 - 68 - 87 -108
10,000 117 160 207 -130 -165 -210
15,000 178 239 308 -190 -246 -312
20, 000 237 322 413 -252 -326 -413
21,000 248 342 434 -263 -341 -455
0 0 0 0 0 0 0

Total Strain x 10-6 in. /in.

248 342 434 -263 -341 -435

161



Table 130,

Beam With Holes - Load at 4

Ft. From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-42 G-43 G-44 G-45 G-46 G-47
0 0 0 0 0 0 0
5,000 130 112 - 90 - 80 68 87
10, 000 253 216 -176 -156 - 137 175
15,000 3178 316 -261 -230 203 261
20, 000 502 426 -346 -303 273 344
21, 000 527 448 -358 -316 286 364
0 0 0 0 0 0 0
Total Strain x 10-6 in. /in.

527 448 -358 -316 286 364
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Table 131, Beam With Holes - Load at 4 Ft, From Right Support.

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No,
(lbs,) R-17-45 R-17-H R-18-V R-18-45 R-18-H G-40 G-41
0 0 0 0 0 0 0 0
5,000 165 182 4 85 104 -116 -138
10, 000 326 359 3 175 210 -230 -271
15,000 488 537 3 257 311 -344 -405
20, 000 645 716 2 347 419 -456 -536
21, 000 675 752 1 364 439 -480 -562
0 0 0 0 0 0 0 0

Total Strain x 10-6 in. /in.

675 752 1 364 439 -480 -562
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Table 132, Beam With Holes - Load at 4 Ft, From Right Support,

Load Gage No. Gage No, Gage No. Gage No, Gage No. Gage No., Gage No.

(lbs.) R-15-V R-15-45 R-15-H R-16-V R-16-45 R-16-H R-17-V
0 0 0 0 0 0 0 0
5,000 7 -22 -105 11 - 31 -173 - 2
10,000 14 -38 -210 13 - 57 -340 -1
15,000 18 -54 -310 24 - 78 -506 -11
20, 000 20 -67 -410 28 -100 -668 -16
21,000 23 -67 -431 30 -103 -702 -18
0 0 0 0 0 0 0 0

Total Strain x 10-6 in. /in.

23 -67 -431 30 -103 -702 -18
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Table 133, Beam With Holes - Load at 4 Ft. From Right Supports,

Load Gage No, Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. GCage No.

(lbs.) G-38 G-39 G-40 G-41 G-42 G-43 G-44 G-45
0 745355 10, 095 7,300 8, 285 8, 265 7,700 8, 265 8, 285

10, 000 7, 265 10,175 7,055 8,005 8,535 7,925 8, 085 8,127
20, 000 7,175 10, 260 6,817 7,727 8, 787 8,135 7,908 7,975
24,000 7,146 10, 295 6,725 7,615 8,890 8,225 7, 845 7,915
25,000 7,135 10,303 6,697 7, 585 8,915 8, 245 7,825 7,900
25, 500 7,130 10,307 6,685 7,573 8,933 8, 255 7,817 7,888
26, 000 7,126 10,310 6,673 7,560 8,945 8, 265 7,810 7,885
26, 500 7,125 10,315 6,673 7, 557 8,960 8,277 7,805 7,890
27,000 7,118 10,317 6, 656 7, 556 8,975 8,295 7,800 7,895
29, 000 7,105 10,335 6, 585 7, 555 9,060 8,347 7, 177 7,907
31,000 7,085 10,350 6, 507 7,547 9,134 8,400 7,755 7,920
33,000 7,077 10, 365 6, 445 7, 550 9,215 8,455 7, 7145 7,937
35,000 7,073 10,380 6,355 7, 555 9,290 8,515 7,725 7,955
38,000 7,054 10, 395 6,277 7,555 9,410 8,605 7,675 7,990
40, 000 7,040 10, 415 6, 237 7, 545 9,482 8,665 7, 645 8,015

Note: Increased strain per increment of load began at 26, 500 lb. load. Failure load was 42,000 lbs, -
beam failed by lateral buckling of the top flange,
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Table 134, Beam With Holes - Load at 4 Ft, From Right Support,

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) G-31 G-32 G-33 G-34 G-35 G-36 G-37
0 8,707 8,395 8, 527 9, 235 10, 555 9,105 10, 260
10,000 8, 760 8,335 8, 543 9,214 10,615 8,967 10,394
20,000 8,804 8,275 8,555 9,185 10, 665 8,823 10, 525
24,000 8,828 8, 255 8, 557 9,177 10, 693 8, 765 10, 583
25, 000 8,835 8, 245 8, 557 9,173 10,693 8, 748 10, 595
25, 500 8,836 8, 245 8, 563 9,175 10, 697 8, 7137 10, 600
26,000 8,840 8, 243 8, 563 9,174 10, 695 8,735 10,602
26, 500 8, 845 8, 237 8, 565 9,167 10,700 8,725 10,615
27,000 8, 846 8, 237 8,563 9,167 10, 704 8, 723 10, 620
29, 000 8,855 8, 225 8, 565 9,167 10,715 8,695 10, 645
31,000 8,865 8,213 8, 565 9,160 10,718 8, 660 10,670
33,000 8,875 8, 200 8,573 9,157 10,738 8, 545 10, 693
35,000 8,885 8,185 8,575 9,155 10,754 8,420 10, 725
38,000 8,903 8,167 8,577 9,148 10, 765 8,067 10, 764
40, 000 8,915 8,155 8, 585 9,150 10,773 7,945 10, 800

Note: Increased strain per increment of load began at 26, 500 1b, load. Failure load was 42, 000 lbs.
- beam failed by lateral buckling of the top flange.
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Table 135, Beam With Holes - Load at 4 Ft, From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No,
(lbs.) G-52 G-53 G-26 G-27 G-28 G-29 G-30
0 13, 203 13,963 11,345 10, 245 8,702 7, 745 9,715
10,000 13,375 14,183 11, 207 10,168 8, 645 7,635 9,835
20, 000 13, 545 14,395 11,075 10,095 8, 593 . 7,525 9,955
24,000 13,613 14, 485 11,023 10, 066 8,575 7,483 10,003
25, 000 13, 627 14, 507 11,006 10, 060 8, 570 7,470 10,013
25,500 13,635 14,515 11,002 10, 045 8,565 7,467 10,015
26,000 13, 645 14,525 10,995 10, 050 8, 555 7,462 10,023
26, 500 13, 657 14, 542 10,990 10,050 8, 560 7,452 10,027
27,000 13,670 14,555 10,987 10, 047 8, 555 7,450 10,035
29,000 13,725 14,613 10,955 10,027 8, 545 7,425 10,060
31,000 13,878 14,675 10,930 10,015 8, 535 7,405 10,080
33,000 13,845 14,745 10,905 10,005 8, 525 7,383 10,105
35,000 13,895 14,815 10,878 9,997 8,510 7,357 10,133
38,000 14,037 14,957 10,838 9,985 8,495 7,325 10,165
40, 000 14,118 15,073 10,815 9,982 8, 484 7,305 10,185

Note: Increased strain per increment of load began at 26, 500 1b. load.
42,000 lbs., - beam failed by lateral buckling of the top flange.

Failure load was
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Table 136,

Beam With Holes - Load at 4 Ft. From Right Support,

Load Gage No. Gage No. Gage No. Gage No. Gage No, Gage No. Gage No.
(Ibs.) G-16 G-17 G-18 G-19 G-20 G-21 G-22
0 11,925 12,315 11,580 10,960 11, 065 10, 675 10,323
10, 000 11,938 12,395 11,715 11,085 11,170 10,574 10,193
20,000 11,948 12,475 11, 845 11,210 11, 275 10,475 10, 068
24,000 11,955 12,505 11,897 11, 263 11,317 10,435 10,018
25,000 11,955 12,510 11,913 11,275 11,328 10, 425 10,013
25, 500 11,955 12,515 11,920 11, 280 11,335 10,425 10, 005
26, 000 11,955 12,520 11,926 11, 286 11,338 10,415 9,998
26, 500 11,955 12,525 11,933 11, 294 11, 345 10,415 9,994
27,000 11,955 12,525 11,944 11,298 11,350 10, 407 9,994
29,000 11,955 12, 540 11,967 11,325 11,367 10,390 9,965
31,000 11,965 12,558 12,003 11,352 11,395 10, 365 9,945
33,000 11,965 12,575 12,037 11,374 11,378 10,352 9,923
35,000 11,965 12,597 12,077 11,393 11,357 10,326 9, 896
38,000 11,960 12,605 12,137 11,423 11,323 10, 295 9, 863
40, 000 11,957 12,595 12,175 11, 445 11,305 10, 270 9, 843

Note: Increased strain per increment of load began at 26, 500 1b, load.

lbs. - beam failed by lateral buckling of the top flange.

Failure load was 42, 000
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Table 137,

Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.,
(lbs.) G-3 G-4 G-48 G-49 G-50 G-51 G-15
0 10,345 9,825 13,173 13, 255 13,784 14,695 11, 657
10, 000 10,403 9,715 13,045 13,085 13,565 14,825 11, 647
20, 000 10, 457 9,723 12,925 12,920 13,355 14,950 11,635
24, 000 10,477 9,705 12,875 12,855 13, 267 15,005 11,633
25,000 10, 485 9,696 12,863 12,838 13, 245 15,015 11,627
25, 500 10,490 9,695 12,855 12,830 13,235 15,020 11,630
26, 000 10,493 9,695 12,853 12,825 13,225 15,026 11,628
26, 500 10,495 9,695 12,847 12,816 13,218 15,025 11, 628
27,000 10,495 9,687 12,845 12,810 13,205 15,025 11,626
29,000 10, 505 9,680 12,835 12, 784 13,165 15,025 11,625
31, 000 10, 523 9,675 12,823 12,755 13,125 15,025 11,625
33,000 10,535 9,665 12,807 12,730 13,065 15,035 11,625
35,000 10, 545 9,648 12,797 12,695 13,005 15,058 1,623
38,000 10, 557 9,628 12,775 12, 642 12,925 15,065 11, 627
40, 000 10, 567 9,613 12,767 12,594 12,875 15,080 11,633

Note: Increased strain per increment of load began at 26, 500 lb,. load.

lbs. - beam failed by lateral buckling of the top flange.,

Failure load was 42, 000
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Table 138. Beam With Holes - Load at 4 F't. From Right Support.

Lioad Gage No. Gage No. Gage No. Gage No., Gage No. Gage No. Gage No.
(lbs.) R-9-45 R-9-H R-10-V R-10-45 R-10-H G-46 G-47
0 0 0 0 0 0 14,410 13, 533
10,000 - 44 - 16 80 68 16 14, 265 13,350
20, 000 - 82 - 24 147 147 35 14,126 13,177
24,000 -105 - 26 175 175 41 14,068 13,105
25, 000 -107 - 30 186 178 57 14, 055 13,087
25,500 -108 - 26 183 183 51 14, 050 13,080
26, 000 -108 - 24 196 184 53 14, 040 13,073
26, 500 -108 - 24 193 193 58 14,035 13,065
27,000 -105 - 18 198 198 62 14,025 13,055
29, 000 -114 - 17 215 215 74 13,985 13,010
31, 000 -121 - 17 224 234 80 13,948 12,973
33,000 -131 - 21 226 257 96 13,900 12,925
35,000 -150 - 34 230 2717 122 13,855 12,870
38,000 -180 - 78 242 307 155 13,785 12,787
40, 000 -200 -110 242 340 180 13, 748 12,735

Note: Increased strain per increment of load began at 26, 500 lb. load. Failure load was 42,000
lbs. - beam failed by lateral buckling of the top flange.
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Table 139, Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No, Gage No. Gage No. Gage No. Gage No. Gage No.
(Ibs. ) R-11-45 R-11-H R-18-V R-18-45 R-18-H R-8-H R-9-V
0 0 0 0 0 0 0 0
10,000 - 214 - 241 18 184 227 -168 - 50
20,000 - 427 - 478 23 36l 434 -329 - 92
24,000 - 513 - 571 22 432 520 -396 -107
25,000 - 541 - 596 32 454 544 -406 -114
25, 500 - 552 - o6l2 30 460 556 -419 -116
26, 000 - 562 - 618 38 470 567 -426 -115
26, 500 - 565 - 628 34 485 581 -430 -116
27,000 - 577 - 641 42 493 593 -431 -115
29,000 - 620 - 687 49 546 645 -462 -129
31, 000 - 674 - 734 54 591 698 -500 -138
33,000 - 762 - 976 50 637 746 -518 -155
35, 000 -1, 088 -1,490 42 681 808 -521 -173
38,000 -1, 669 -2,200 5 705 912 -657 -195
40, 000 -1,717 -2, 240 -26 831 1,007 -822 -200

Note: Increased strain per increment of load began at 26, 500 lb, load. Failure load was 42,000
lbs. - beam failed by lateral buckling of the top flange.
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Table 140, Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs. ) R-6-V R-6-45 R-6-H R-16A-V R-16A-45 R-16A-H R-11-V
0 0 0 0 0 0 0 0
10,000 4 129 170 31 - 302 - 376 28
20,000 12 268 350 70 - 548 - 742 45
24,000 20 326 425 90 - 677 - 892 52
25,000 17 343 440 98 - 700 - 935 56
25,500 21 343 446 103 - 717 - 96l 59
26, 000 21 354 459 119 - 743 - 995 63
26, 500 30 362 474 189 - 852 -1,142 65
27,000 26 369 485 255 - 951 -1, 293 68
29, 000 33 398 520 553 -1,376 -1,970 : 76
31,000 36 432 556 763 -1,873 -2,700 65
33,000 34 462 594 1,004 -2,420 -3,395 105
35,000 41 489 625 1,157 -2,975 -3,930 228
38,000 70 556 688 1,354 -3, 455 -4, 570 491
40, 000 102 618 728 1,501 -3, 840 -5,110 514

Note: Increased strain per increment of load began at 26, 500 1b, load. Failure load was 42, 000
lbs, - beam failed by lateral buckling of the top flange.
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Table 141. Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.
(lbs.) R-13-45 R-13-H R-14-V R-14-45 R-14-H R-8-V R-5-H
0 0 0 0 0 0 0 0
10,000 133 67 -15 -115 - 56 32 - 4
20, 000 271 138 -30 -236 -108 47 4
24,000 324 166 -30 -2717 -127 55 3
25,000 342 171 -28 -292 -138 55 7
25, 500 344 179 -31 -297 -134 6l 7
26, 000 356 186 -25 -301 -133 70 6
26, 500 369 192 -23 -303 -134 70 10
27,000 381 200 -24 -304 -138 73 10
29,000 411 218 -22 -323 -140 80 15
31,000 445 235 -28 -345 -146 74 23
33,000 485 272 -28 =377 -159 78 11
35,000 524 316 -33 -414 -189 66 19
38,000 576 380 -30 -459 -233 71 29
40,000 615 435 -22 -474 -272 96 25

Note: Increased strain per increment of load began at 26, 500 1b load. Failure load was 42, 000
lbs, - beam failed by lateral buckling of the top flange.
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Table 142, Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-17-45 R-17-H R-8-45 R-12-V R-12-45 R-12-H R-13-V
0 0 0 0 0 0 0 0
10, 000 330 367 -111 -17 241 268 25
20, 000 650 728 -230 -15 482 527 42
24, 000 780 874 -282 -17 582 638 51
25, 000 814 908 -289 -18 604 664 54
25, 500 835 924 -295 -17 618 679 60
26,000 847 947 -298 -16 630 694 61
26, 500 876 972 -301 -15 650 712 70
27, 000 901 999 -300 -18 663 718 72
29, 000 992 1,107 -325 -8 711 775 78
31, 000 1,060 1, 211 -355 -15 757 824 77
33,000 1,142 1,328 -285 -24 818 884 81
35, 000 1,214 1,437 -405 -24 880 953 74
38,000 1, 290 1, 600 -344 -40 947 1,029 66
40, 000 1,482 1, 675 -328 -45 1,002 1,105 60

Note: Increased strain per increment of load began at 26, 500 1b. load. Failure load was 42, 000
lbs. - beam failed by lateral buckling of the top flange.
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Table 143. Beam With Holes - Load at 4 Ft. From Right Support.

Load Gage No. Gage No. Gage No. Gage No. Gage No. Gage No. Gage No.

(lbs.) R-15-V R-15-45 R-15-H R-16-V R-16-45 R-16-H R-17-V
0 0 0 0 0 0 0 0
10,000 16 - 34 - 207 29 - 45 - 345 0
20, 000 20 - 57 - 413 44 - 171 - 687 - 2
24,000 28 - 65 - 493 45 - 93 - 830 - 3
25,000 25 - 64 - 513 46 - 94 - 8064 - 5
25, 500 31 - 68 - 521 50 - 98 - 884 -1
26,000 27 -1 - 530 60 - 98 - 919 - 5
26, 500 52 -124 - 656 111 -140 -1,095 0
27,000 62 -172 - 792 154 -183 -1, 294 7
29,000 46 -379 -1, 255 356 -335 -2,110 - 6
31,000 45 -444 -1,525 510 -428 -2,687 - 15
33,000 27 -515 -1,815 707 -506 -3,320 - 40
35,000 17 -560 -1,990 850 -540 -3,850 - 62
38,000 45 -674 -2, 585 1,044 -577 -4, 555 -105
40, 000 45 -722 -2,990 1,172 -610 -5,080 -121

Note: Increased strain per increment of load began at 26, 500 1b, load. Failure load was 42, 000
lbs., - beam failed by lateral buckling of the top flange.
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