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Studies in Photoelastic Stress Distributions, Modulusli of
Flexural Elasticity and Displacement on Simple Beam
Models Constructed of Epoxy Resin with Some
Different Heights and Supported Conditions

Sakutaro Nakamura*®

Abstract

By using epoxy resin the present writer has made 15 beam models shown in Fig. 1 that are
constructed with three kinds of different supported constructions and five kinds of different heights.
Then, he has supported simply each the above-mentioned beam models and increased gradually
a concentrated line load on the centre of span and by means of Photo-Elasticity Apparatus, Reading
Microscope and Strain Meter he has measured and analyzed experimentally the stress distributions
of some cross sections ryz, 0z, 0y and the verticl and horizontal displacements and the maximum

tensile and compressive stress intensties, and has made a comparative study of those.

I. Introduction

Some studies are already published by Mr. Coker, Filon, Fukuhara, Frocht,
Wilson, Stokes, Boussinesq, Lamb and the other research workers on the general
stress phenomenon of the simple deep beam.

Already the present writer has clarified the delicate change of stress distribu-
tion phenomena at the various extent of ratio of the height of cross section (A) to
the span (1)—7%/l, and by receiving a hint from those investigated results he has
recently had a strong desire to investigate the influence of some different heights
and constructions of supported points.

Then, he has studied also the changeable phenomena of stress distributions and
displacements of simple beam models at the various extent of the equantity of load.

The stress phenomenon of extremely deep beams of immense height for the
span caused public discussions too at the field of architectural constructions, and
Mr. Karl Girkmann and Kurt Beyer discussed in their aleady published books that
the solution of deep beam in the case of h/[>0.50 was not satisfied by the Com-
mon Beam Theory and was satisfied only by the Theory of Scheibe.

The above-mentioned consideration has been proved by the investigative results
of the present writer and he has defined the boundary values, A//=0.50 within
the limits of possibility applying the Common Beam Theory.

Then in the case of A/{=0.50, we must consider carefully whether to select
either of the Beam Theory or the Scheibe Theory, because the stress distributions
and displacements change delicately on the ground of the supporting and loading
conditions.
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70 Sakutaro Nakamura

In each case of the solution with the Beam Theory or the Scheibe Theory
as the main constituents, we must add respectixely the secondary stress influence
of plate or the primary stress influence of beam.

The defect of Beam Theory or Scheibe Theory is due to the want of the
secondary strict stress distributions or the primary exact horizontal and vertical
displacements.

It seems still more so that the analytical solution of simple deep beam by
applying the Scheibe Theory in the consideration of general supporting and loading
conditions is very ideal and hard and the calculating realization of those is very
difficult.

Recently Mr. E. Moénch, J. P. Lee and TI. M. AaexceeB have published in
foreign periodicals concerning the deep beam, but those reports are only partial
News Record and do not refer to fundamental problem that the present writer
regards as important.

Moreover, there are no dissertations on those fundamental problems of deep
beam within his knowlege.

The experimental analyses made by Mr. Coker, Filon, Frocht and Fukuhara
were teated on the stress distribution as the main constituents and not treated on
the accurate measurements of displacements.

The results of their experiments do not enable us to discuss the exact stress
phenomena and displacements.

From the above-metioned viewpoint, the present writer has made by using epoxy
resin 15 beam models shown in Fig. 1 that are constructed with three kinds of
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Fig. 1. Dimension Details Connected with the Supported Construc-
tions, the Loading Point and Cross Sections of Some Simple
Beam Models Constructed of Epoxy Resin.
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different supported constructions and five kinds of different heights.

Then, he has supported simply each the avobe-mentioned beam models and
increased gradually a concentrated line load on the centre of span and by means
of Photo-Elasticity Apparatus (Riken Standard Type), Reading Microscope (Shimazu
A Type) and Strain Meter he has measured and got the stress distributions of some
cross sections t,,, 0, o, and the virtical and horizontal displacements and the
maximum tensile and compressive stress intensities.

Still more from these results, he has got the curves of 6.,/0nom—I/h, Load-
Deflection Curves and Stress-Strain Curves at the centre of span, and the curves
of FE,—I/h and he clarified the relation of the stress and displacement phenomena.

He calculated the values of expansion and contraction at the central axis by
using the horizontal displacements of supported point on the central axis and con-
sidered also the deformations of beam models.

Then, he has compared the results of experimental analysis with the theoretical
calculating values and clarified the difference between those, and observed also the
breaking phenomenon of models by increasing a concentrated line load.

II. The Experiment of Models and Its Analytical Theory

1. On models

The present writer has used the epoxy resin plates of thickness 6 mm by the
good office of Riken Meter Company as the materials of beam models.

In making the models, he has taken especial care of the prevention of measuring
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72 Sakutaro Nakamura

errors and processing distortions and given the manual finishing touches by using
some files to put down maximnm allowable errors less than 2%.

Then, he has experimented quickly as soon as the models are finished before
the initial stresses of time effect occur in the models.

The shapes and dimensions of models are shown in Fig. 2, 3, 4.

Moreover, he has made an experiment on the photoelastic property of models
A, A, A; and got the values of the fringe stress S=1.0738 kg/mm and the pho-
toelastic sensitivity a=0.9636 mm/kg on the section I—I of each models by using
the formulae S=0d/n=12 M/(h*N), a=1/S (d: thickness of model, n: degree of
stress patterns, IN: total of #).

2. Method of experiments

On the loading support of Photo-Elasticity Apparatus he has laid in the state
of simple supported beam one by one 15 beam models that consist of the A-type
beam models A, A, A, A,, A; the B-type beam models B,, B,, B;, B,, B; and
the C-type beam models C,, C,, C,, C,, C..

Next, he has put a concentrated line load on the upper surface of the centre
of span as showing in Fig. 1 and taken the photoelastic photographs of stripe-
patterns by using a source of mercurial light.

Then, he has decreased suitably a concentrated line load and plotted the
inclined lines at intervals of 10 degrees on a tracing paper stretched upon a screen
by using a source of white light.

He has pasted the gages of KP-18, Resistance 120.1:+0.3% and Gage Facter
1.94-+1.0% on the upper and lower surface of each model at the centre of span
as Fig. 1 and measured its fibre strains by using a strain meter.

He has used two Reading Microscopes and measured at the same time the
horizontal and vertical displacements on the central axis of each model at the
central and supported points of span.

3. Experimental analyses

The stress pattern and isoclinics are shown in Fig. 5~Fig. 19.
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{a) Isoclinics in the Case of P=0.5kg

(c) Stress Patterns in the Case of P=75kg

Fig. 5. Isoclinics and Stress Patterns of the Beam Model
A; Bearing a Concentrated Line Lood.
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(b) Stress Patterns in the Case of P=10.0kg {¢c) Stress Patterns in the Case of P=125kg

Fig. 6. Isoclinics and Stress Patterns of the Beam Model
A, Bearing a Concentrated Line Load.
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Fig. 7. Isoclinics and Stress Patterns of the Beam Model

Ajs Bearing a concentrated Line Load.
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Fig. 8. Isoclinics and Stress Patterns of the Beam Model
A, Bearing a Concentrated Line Load.
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Model As (h=4.0cm, [=9.0 cm)
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(e)

(b)
Fig. 9. Isoclinics and Stress Patterns of the Beam Model
As Bearing a Concentrated Line Load"
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Fig. 10.
B, Bearing a Concentrated Line Load

Model B; (h=1.5cm, /=9.0 cm)

P=/5ks
bma b]Ia I}ala.u.b aLb aﬂgb ayb
=T [
EES == NSt E\l
%o - - L H ,. 22
AR G RS L O " T 7

Stress Patterns in the Case of P=125kg

()
Isoclinics and Stress Patterns of the Beam Model
B, Bearing a Concentrated Line Load.

Stress Patterns in the Case of P=10.0kg
Fig. 11.
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Fig. 12. Isoclinics and Stress Patterns of the Beam Model
B3 Bearing a Concentrated Line Load.
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Fig. 13. Isoclinics and Stress Patterns of the Beam Model
By Bearing a Concentrated Line Load.
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Fig. 14. Isoclinics and Stress Patterns of the Beam Model
Bs Bearing a Concentrated Line Load.
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Model C; (h=1.0cm, [=9.0cm)

(b) Stress Patterns in the Case of P=5.0kg {c) Stress Patterns in the Case of P=75kg

Fig. 15. Isoclinics and Stress Patterns of the Beam Model
C; Bearing a Concentrated Line Load.
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Fig. 16. Isoclinics and Stress Patterns of the Beam Model
C; Bearing a Concentrated Line Load.
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{a) Isoclinics in the Case of P=15kg

(b) Stress Patterns in the Case of P=25.0kg {c) Stress Patterns in the Case of P=325kg

Fig. 17. Isoclinics and Stress Patterns of the Beam Model
C3 Bearing a Concentrated Line Load.
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Model Cy (h=3.0 cm, /=9.0cm)

(b) Stress Patterns in the Case of P=40.0kg {c) Stress Patterns in the Case of P=70.0kg

Fig. 18. Isoclinics and Stress Patterns of the Beam Model
C4 Bearing a Concentrated Line Load.
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Fig. 19. Isoclinics and Stress Patterns of the Beam Model
Cs Bearing a Concentrated Line Load.

(1) Stress analytical formulae of the Shear Difference Method
He got the stress distributions of t,,, ¢., ¢, on the base of the above-mentioned
isoclinics and stress patterns by using the next formulae based on the principle of
stress analysis.
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1 .
= 7 (01—0'2) sin 26

Tya

0y = (00— 2 47y
6, = 0,—(0,—0,) cos 20

However, o,—a,: Principal stress difference=(S/d), (kg/mm?
S: Fringe stress (kg/mm)
n: Degree of stress patterns 1)
d: Thickness of model (mm)
Yo: o, of upper fringe when y=0 (kg/mm?
0: Angle between load line and principal stress axis
(degree)
A7y Difference of z,, in the cross section at interval

of 4, (kg/mm?)

(2) Theoretical calculating formulae
The theoretical formulae published by Mr. M. M. Frocht on the rectangular

simple beam with equall cross sections are shown as follows :

=g VR 2 Y=o T T+
2P 3 L ey
Tyz = d léhx (hy y2)+; <T2+y2)zj

However, /: Span length (mm)

h: Height of beam (mm)

d: Thickness of model (mm)

x: Horizontal distance of any point measured from the
centre of span (mm)
Vertical distance of any point measured from the

upper surface

@

The above-mentioned formulae have been made by combining the initial beam
theory and the radial stress theory, assuming that the rectangular beam is one part
of semiinfinite plate.

These calculating results are obtained by the summation of the common stress
of simple beam and the radial additional secondary stress radiated from the top of

the centre of span.
From the calculating results, the writer has clarified that the difference between

results calculated by the common beam theory and the above-mentioned theory is

very little.
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III. On the Results of Experimental Analysis

1. Photoelastic stress distributions
The shearing stress distributions ,, and the axial stress distributions ¢, at the
cross sections I-I, II-II, TII-III and IV-IV of each model are shown in Fig. 20~
Fig. 25.
(1) Distributions of shearing stress intensities r,,
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(2) Distributions of axial stress intensities o,

. Model _Ci
P=75k P=50% P =758

sige_—tp 0 Tenh 5P o o 0 Tenih) —oclp g ~fp 0 Tend)

Mod
Ml A s poggy Moid B

By i =50 0 Tentn ~its_=tgo g0 0 Ten(d sy

Comp(=) 0 Mo tig /50 Comp.(= 0 o too o

TComp O 0 s tiw viw Torg () e v e
p=/pory Moded Az pojron odel Bz P=/2sh p-moly Model Cz pjpsn
g0 Ténih 49 =l 2 Tensn ~ip_ ke _to 0 Tenth g igp e wgp 0 Ten &b

{ g 1
e X\
Compi— 0 t50 +es Comp(=) 0 v the 163 A5 tio o oo tis0 0 & e tho = 0 o twe o vaw
Comp. Comp. (=)
ppiyy  Al0CE. 8 |_As P=325% P=250% HO9EL odel By P =325k

p=250 Model Cs  p=32sh
-0

“#g -ty =g 0 Tenir) e g ke g0 Tenn)

-4 - <0 0 Teni 20 5 r2p 40 Tenld 152 _~soo_—go_ 0 _Tenit) -2 v —lwo ~fp p  Ten.(t)

1 1 2
Comp(=> 0 t50 tho Hw Comp.(=) 0 t6o oo 1150 t2eo Compi= 0 159 to0 kv Corp (- 0 tiw T Comp (= 0 v the tiv Comp. (=) R
Model A« i Model Bsg - ;
P=dpy —————  p=pff P=dooy ————  P=7uo® pgpoy Model_Ca o y)n
~#p ko —gv 0 Ten(h - 0 0 Ten(H T ) My i oge 0 Tenth 00 gy _—jpe_-p0_ 0 Tentd)

I I
Tomp—) 0 w55 ties Th0 Tomoc—) 0 +50 ko +is5 1200 Comr ) 0 70t e Comp. (=) 0t thw v tw
pugy Mdd As  p_ Py Model Cs  P=rzén
“uo -0 —$0 0 Ten(y) 4 -0 0 Ten b -0 o Tents) o e 0 Tenh) g i g 4o O Ten ()

@ 1]1 = 1 1 1
of- «\\ ey oJ; \ 3 "
Compi) 0 %50 oo Tiéo Comp. (=)0 150 oo tise 420 TComeca 0¥ the Ty Comp (= o (7 TE) Wt the Comp (=) D f#5w i 0 tuo
g fr—s cxperimental values { = experimental values o - { ———— exerimental values
Awnotation { ,,,,,,,,, biolsiting e o Amnotabion 1| . fheoretical  values L) [— theoretical  values

Pig. 23. Axial Stress Intensities Fig. 24. Axial Stress Intensities Fig. 25. Axial Stress Intensities
gz of A-Type Models. (kg/cm?) oz of B-Type Models. (kg/cm?) oz of C-Type Models. (kg/cm?)

(3) Gmax/gnom_’l/h 1.10

Curves ~ _|n

JR ) e

.
o
(@}
Q

1™

] (.80 ,
L / 4\’\_!\1‘3%1”(11,'" fer{sion

i / by Wilson-Stokes theor
R 070 - : ’
1 Theoretital valups =
0,601 [ ) ] .
! Experinental values: { s
(Compression)
050 I
0'450 3 4 5 6 7 8 9 011

nnotation, 6 @ Calculating values by using the commen
A P Gumple b theory d

Fig. 26. 0max/0nom—I/h Curves.

b7

(80)



81

Studies in Photoelastic Stress Distributions, Modulusli of Flexural Elasticity and Displacement on Simple
Beam Models Constructed of Epoxy Resin with Some Different Ieights and Supported Conditions.

2. Deflections at the centre of span and fibre strains on the upper and lower

surfaces

(1) Deflections
The present writer has exactly measured the vertical displacements on the

intersections of the vertical centre and support lines of span and the horizontal

central axis line by using two reading microscopes, and from the differences of their

vertical displacements he has decided the minute deflections at the centre of span.
Then, he has obtained the Load-Deflection Curves shown in Fig. 27.
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Fig. 27. Load-Deflection Curves. (Deflections at the Centre of Span)

350
G,
//AV
i I
300 i f/cl //
A4 7 C4~L /'A L~
250 2 / a
N4/

—
wn
=]

G N //,//< B, BL

Stress s— ("4m2)
N

=

>
RF
SN

; 3

IO R | H4PL | Viodel [ Ao |(hivhs)] s —T——

fs WAROK,, ©1 | Model | B-type (Br~B)| s ===

ok Az | Model | C- type [(G~Cs)| : oo
A5 / \ Bi

T

/.
7@\ RN R

0 1000 2000 3000 4000 5000 6,000 7000
—— Stnin € (Coefficient j07)

(Measured at the Centre of Span)

Fig. 28. Stress-Strain Curves.

(81)



82 Sakutaro Nakamura

(2) Edge fibre strains
He has measured the strains of gages at the middle part shown in Fig. 1 by
using a strain meter and showed the relations of those experimental strain values
in Fig. 28.
3. Modulusli of flexural elasticity

He has obtained each of the modulusli of flexural elasticity, flexural tensile
elasticity, and flexural compressive elasticity by using the Load-Deflection Curve
and Stress-Strain Curve, and expressed the relation of E, and [/h by E,—I/h
Curve shown in Fig. 29.
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Fig. 29. Ey—I/h Curves. (Measured at the Centre of Span)

4. Horizontal displacement of supporting points and horizontal strains by the
expansion and contraction of the central axis.

He has exactly measured the horizontal displacement of the supporting and
central points of span on the central axis line by using 2 Reading Microscopes
and strictly decided the horizontal displacement 4/ at the supporting points by
using the difference of the above-mentioned horizontal displacements.

Still more, he has calculated the expansion and contraction values of the
central axis line between both supports by using the values of vertical displacements
J,, assuming that the deflection curves of beams would become parabolas.
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Table 1. Values of the Expansion and Contraction
of the Span on the Central Axis.
Horizontal : Expansion and
. Vertical P :
displacements of} .. Lengths of span| contraction
Models Loads supporting dligﬁ‘;iinegit()f on central axis | values of span
points P on central axis
P (kg) A1 (cm) dy {cm) ! {cm) '~ (cm)
5.0 +0.015 +0.035 9.030 +0.030
At 30.0 +0.003 +0.280 9.024 +0.024
10.0 —0.006 +0.009 8.988 —0.012
Sa 55.0 —0.045 +0.149 8914 ~0.086
25.7 -—0.026 +0.032 8.948 —0.052
As 70.0 0,081 10,008 8.840 0,160
40.0 +0.024 +0.178 9.056 +0.056
Ay 70.0 —0.001 +0.181 9.006 +0.006
100.0 —0.022 +-0.232 8.968 —0.032
70.0 —0.026 +0.015 8.948 —0.520
g 100.0 —0.023 40.004 8.954 —0.046
5 50 —0.012 +0.038 8.976 —0.024
L 30.0 —0.029 +0.194 8.950 —0.050
B 10.0 -0.015 +0.032 8.970 —0.030
2 55.0 -0.023 +0.153 9.048 +0.048
B 25.0 +0.006 +0.032 9.012 +0.012
3 70.0 —0.026 +0.085 8.950 -—0.050
407 —0.038 0,012 8924 —0.076
By 70.0 —0.052 +0.015 8.896 —0.104
100.0 -0.077 +0.039 8.846 —0.154
B 70.0 —0.054 +0.007 8.892 —0.108
° 100.0 —0.078 +0.003 8.844 —0.156
& 5.0 —0.026 +0.045 8.948 . —0.042
! 275 —0.045 +0.278 8.928 —0.072
¢ 10.0 —0.014 +0.025 8.972 —0.028
2 55.0 —0.042 10,061 8.916 —0.084
c 25.0 -0.016 +0.013 8.968 —0.032
3 70.0 —0.060 +0.039 8.888 —0.120
40.0 —0.037 +0.003 8.926 —0.074
Cy 70.0 —0.057 +0.010 8.886 —0.114
100.0 —0.106 +-0.023 8.788 —0.212
o 70.0 —0.049 +0.015 8.902 --0.098
? 100.0 —0.083 +0.022 8.834 —0.164
Annotation, Mark of d, (+): Vertical displacement of load direction
Mark of 47 (+): Horizontal expansion, Mark of 4/(—): Horizontal contraction
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Table 2. Average Values of the Expansion and Contraction
of the Span on the Central Axis of Each Model.
+ Average values of ex-
Ex‘ent of loads Average lengths of pansion and contraction
Models \ span on central axis :
of span on central axisy,
P (kg) ! (cm) I'—1 (cm)
A kind 5.0~100.0 8.971 —0.029
B ” 5.0~100.0 8.937 —0.063
cC » 5.0~100.0 8.948 —0.052

See Table 1 and Table 2.

5. Breaking loads and the maximum stress intensities of some cross sections

The results of breaking test on each model are shown as follows.
See Table 3.

Table 3. Breaking Loads and Maximum Stress Intesities
in the Central Cross Section.
i q Maximum befding Maximum shearing
Breaking loads | stress intensities |stress intensities in| " .
Model in breaking loads| breaking loads Bxeaking phenomenons
Pr (kg) omax (kg/cm?) tmax (kg/cm?)

Ay 45.0 +1,012.5 1125 Central bending moment

A, 140.0 +1,400.0 234.0 ”

Az 320.0 +1,800.0 401.0 »

Ay 650.0 +1,624.0 542.0 ”

As 780.0 +1,096.0 488.0 »

B, 45.0 +1,012.5 2250 Central bending moment
/Central bending moment

B, 160.0 +1,600.0 534.0 |End shearing Toree

B; 160.0 = 900.0 401.0 End séhearing force

By 200.0 = 500.0 333.0 »

Bs 240.0 + 3374 300.0 ”

Cy 60.0 +1,350.0 251.0 Central bending moment
/Central bending moment

Cs 180.0 +1,800.0 4100 \End shearing force

Cs 120.0 + 6750 187.5 Central bending moment

Cy 520.0 +1,300.0 500.0 End shearing force

Cs 720.0 +1,013.0 500.0 »”

1.
1)

IV. Consideration

Distributions of the photoelastic stress intensities

Distributions of the shearing stress intensities t,,

In the shearing stress distributions at the cross sections near supporting points
of any model of A, B, and C kinds, the maximum experimental stress intensities
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are larger than those of the theoretical calculation and those phenomena become
so more remarkable as the load and height of beams increase.

Then, the present writer has found that these stress phenomena agree totally
with the results investigated by some research workers, and he has also found that in
the case of Type-1 and Type—2 models with small height for span the maximum
shearing stress intensities of C, and C, models are smaller than those of A,, A,,
B, and B, models and these distributions of stress intensities are close to the the-
oretical calculating curves.

It seems that these phenomena are caused by the different construcfions of
supports.

(2) Distributions of the axial stress intensities a,

The present writer has clarified that the experimental axial stress distributions
at the cross sections near a loading point become fairly larger than those of the
theoretical calculation, and that these phenomena are more remarkable as the load
and height of beams increase.

" These tendencies have also concured totally with the results investigated by
some research workers and he has proved also that the stress distribution curves
of A and B kind models with large beam heights for span show the pretty un-
balanced changeable disturbances as compared with those of C kind models with
the different constructions of supports.

Then, it is worth notice that in A and B kind models the differences of ex-
perimental and theoretical interior stress distributions are very remarkable as com-
pared with those of fibre stress intensity, and the greater the model height is the
more this phenomenon is remarkable.

(8)  Gmax/Onom—I[h Curves

In this study the present writer has mainly treated models with the extent
of beam heights 2/[=0.111~0.444—[/h=2.25~9.0 used usually in the bridge and
the other similar construction, and found that in the extent of [/A=3~7, 0./
Gnom—I/h Curves obtained by this experiment are very close to the results calculated
by the Common Simple Beam Theory as the figures show.

Specially in B kind models with the extent of //A=7~9 the experimental
tensile and compressive stress intensities o,, ¢, are about 5~10% smaller as com-
pared with the theoretical values, and in A kind models with the extent //h=
2.25~2.5 the experimental compressive stress intensities ¢, are about 10~17%
smaller as compared with the theoretical values.

It seems that these differences are caused by the different constructions of
supports.

But it is worth notice that the stress phenomena of ¢,,./6,0m—{/h Curves of
any model beam are pretty different from the results calculated by using the Theory
of Wilson-Stokes.

These stress phenomena were proved also from the other experimental results
investigated specially by the present writer on 15 model beams of A kind.

(85)



36 Sakutaro Nakamura

On the contrary, it seems that in the models with the beam height of the
above-mentioned extent //h=2.25~9.0 the experimental fibre stress intensities will
be not very different from the values calculated by using the Common Simple
Beam Theory. :

Then it is proved also from the values calculated by the Scheibe Theory in
books of Mr. K. Girkmann and Mr. K. Beyer that the experimental fibre stress
intensities of models with the beam height in the extent of A/[<0.5 ({/h>2.0) are
not very different from the values calculated by using the Common Simple Beam
Theory.

The Theory of Wilson-Stokes was made up by using the hyperbola, assuming
that k= 6mee/0mom=1.0 was largest and the more the value of I/h grew larger (the
beam grew smaller in height), the more the value of £=6,./0,,m came nearer to 1.0.

It seems that this theory built up by using the hyperbola is too ideal, but the
present writer cannot deny that ¢,,./0nom—{/h Curves of models with the larger
beam height in the extent of A/[>0.5 show approximately the avove-mentioned
hyperbola and he pays his respects to the observation of Mr. Wilson-Stakes re-
garding the theory on the very deep beam.

But according to the latest study he clarified noticeably that in some extents
of //h the fibre stress intensities of deep beam models were merely larger than the
values calculated by the Common Simple Beam Theory.

The curves of oumux/0nom—{/h in A and B kinds models have especially shown
the disturbed and variable phenomena compared with those of C kind models.

He concluded that these above-mentioned phenomenons were caused by the
difference of supported constructions.

2. Deflections at the centre of span and fibre strains on the upper and lower
surfaces
(1) Deflections

The present writer measured at the same time the deflections in the central
point and supported points, and he calculated the exact deflections by using the
difference of the central and support’s deflections and found that the vertical com-
pressive strain of the supported points had grown considerably large.

Then, he clarified collectively that the experimental deflections of all models
were larger than the theoretical calculating values of them, and could prove the
above-mentioned tendency also by his other investigated results.

He showed as noticeable phenomena that the experimental deflections of C
kind of models came most near the theoretical calculating ones and found that the
above-mentioned phenomena were caused by the fact that the supporting construc-
tions of C kind of models had come most near those of the theoretical ideal
simple beam.

From the close examination, he found the fact that every deflection of A, B,
and C kind of models did not show a great difference in the extent of models
with very small beam height but in the deep beam models the stress intensities
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and deflections of A, B and C kind of models showed a special character caused
by the difference of supporting constructions in each kind of models.

He found also that in the most deep beam models of //h=2.25, each magnitude
of central deflections was shown in order of A, B and C kind of models, but it
seems that the order of each magnitude of central deflections will be changeable
in the new models with the deeper height, because the stress phenomena of the
Scheibe Theory are caused. in these new deeper beam models.

(2) Edge fibre strains

From Stress-Strain Curves he found the fact that the rate of strain ¢ for stress

o of B kind of models was smaller compared with those of A and C and concluded

that these phenomena were caused by the influence of special constructions of
supports with the notches.

3. Modulusli of flexural elasticity

In this study the present writer could examine closely how the modulus of
flexural elasticity was influenced by the change of /i and he couly prove that the
modulus of flexural elasticity, flexural tensile elasticity and flexural compressive
elasticity severally showed the peculiar changeable tendency.

From the synthetic view point, he found that the modulusli of Aexural elas-

ticity were most changeable and these values reached from the largest, 90,000 kg/
cm® to the smallest, 27,800 kg/cm?.

Then, in coparison with A, B and C kind of models he found approximately
that Elaticity—//h Curves in every kind elasticity showed the abrupt changeable
shape with the extent of £//=0.167~0.286 (//h=6.0~3.5).

He clarified also by the close examination that in each kind of beam models
the curves of the modulusli of flexural tensile elasticity and flexural compressive elas-
ticity showed the shape of same tendency but the curves of modulusli of flexural
elasticity showed a different changeable shape only in B kind models.

He concluded that these phenomena were caused by the influence of special
constructions of supports with notches.

Still more, these changeable phenomena on modulusli of flexural elasticity are
proved also by the results with the same tendency in his other experiments.

4. Horizontal displacement of supporting points and axial strains by the expan-
sion and contraction of the central axis line between both supports.

He clarified that in each of A, B and C kind of models the axial strain of
the central axis line between both supports came out as the contraction all but
two or three exceptions.

That is to say, the average value of each kind and the total average value of
models is as follows.

Average value of A kind of models: —0.029 cm (Contraction)
Average value of B kind of models: —0.063 cm (Contraction)
Average value of C kind of models: —0.052 cm (Contraction)
Total average value: —0.048 cm (Contraction)
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These facts are proved presumedly also by the other close examination on the
expansion or contraction of beam models in which the axial resultant force of each
cross section was obtained severally by the graphical calculation of stress intensities
and the total strain of each beam model was calculated on the whole as the con-
traction all but two or three models.

He found that the pretty large contraction of B kind models was caused by
the special contstructions of both supports.

It seems that the tensile fibre strain of the lower surface in the span centre
of B kind of models was decreased by the influence of both supports with the
notches, because the above-mentioned tensile fibre strain of B kind models was
considerably smaller compared with those of A and C kind models in the Stress-
Strain Curves.

5. Breaking loads and the maximum stress intensities of some cross sections

In the 1-Type and 2-Type models with the beam small in height the large
difference was nonexistent between each breaking load of A, B and C kind models
but from the close examination he found that the breaking load of C kind models
was largest compared with those of A and C kind models.

These beraking phenomena can be explained by the fact that the shearing
stress intensities of 1-Type and 2-Type models is secondary and by far smaller
compared with the axial stress intensities of the same models because the cross
sections of those beam models (1-Type and 2-Type) are comparatively small.

In the 3-Type, 4-Type and 5-Type models with the beam large in height the
breaking load of A kind models was largest compared with those of B and C
kind models because A kind models will be broken by the central bending moment,
and the next amount of breaking load was in order of C and B kind models.

He felt interested in the fact that the breaking load of B, and B; models large
in height was very smaller compared with those of A and C kind models.

It is estimated clearly that these phenomena were caused by the influence of
end shearing force at supports.

If the beam model is made by the material that its bending, tensile, compressive
and shearing strength are as nearly equal to each other as steel, its maximum
bending stress intensity will generally give a breaking strength of the material.

But it seems that the above-mentioned phenomena of beam models constructed
of epoxy resin are reasonable beacause the bending, tensile, compressive and shear-
ing strength of epoxy resin are very different to each other.

Still more, it is desirable that the notch’s shape at the supporting parts of
beam with variable cross sections is made by using the easy slope avoiding the
steep slope, because the beam models with variable cross sections of easy slope
have unexpected strength.

These facts are proved by the present writer’s investigations on the beam with
variable cross sections and the experiments on the timber beams of Mr. King and
Langlans.
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The C, beam model was broken by the central bending moment of the con-
centrated line load P=120 kg at the centre of span and from the above-mentioned
view-point, he found that the breaking strength of epoxy resin was variable ac-
cording to the quality of material and even the slight flaw gave a very bad influ-
ence to the breaking strength of beam models.

He could conclude that the beam models having notches at the supporting
parts were broken according to the Maximum Shear Theory—zyuc=4 (0./4)+ 172,
because it was clarified by his experiments that the break by shear of models with
notches at the supporting parts grew oblique by the diagonal tension.

It was found that the bending breaking strength of photoelastic epoxy resin
used in his experiment and designated by Riken Meter Company was considerably
large as shown in Table 3.

He presumed that its shearing breaking strength is about 0.30~0.40 of the
above-mentioned bending breaking strength.

Furthermore, there are few materials for studies on the breaking strength of

photoelastic ‘epoxy resin but many materials for those of epoxy resin of binding
agent.

Then, he found that the breaking strength of binding agent’s epoxy resin was
by far smaller than those of photoelastic epoxy resin.

V. Conclusion

The present writer measured as strictly as possible the photoelastic stress
distributions, the vertical and horizontal displacements of the central point and
supporting points, the bending tensile and compressive fibre strains of the central
point and the breaking load endeavoring to minimize the measuring errors, so he
has obtained the good results beyond expectation where there are hardly any
measuring errors and could achieve his first purpose of study.

Still more, it is to be desired that the better measuring method is advanced
and developed in future.

In the model beams of three kinds A, B and C, the stress distributions, dis-
placements and modulusli of flexural elasticity of C kind models were most close
to the theoretical calculated values of simple beam because the C kind ‘beam models
were most similar to the ideal type of theoretical simple beam.

But he could prove positively that the more the height of beam models grew
deep for the span the more the above-mentioned experimental values of each kind
beam models with the deep height became different compared with the theoretical
calculated values, and that especially the measuring and experimentally analytical
results of A kind model beams with the deep height were very different from the
theoretical calculated values of simple beam.

It seems that these differences are caused by the fact that the supporting
points are at the bottom surface of beam models.

This conclusion can be clearly proven also by the results of his other experi-
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ments. Then it is worthy of notice that by the influence of supports with the
notches the stress phenomena of B kind beam models are different from those of
A and C kind beam models without the notches.

He clarified also the fact that the tendency of these phenomena on the stress
distributions and displacements concurred with it of the results of his experiments
on steel beam models.

Still more, he clarified the minute and interesting fact that the influence of
the difference supporting construction acted delicately on the variable curves of the
stress distributions, displacements and modulusli of flexural elasticity.
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