CHAPTER V

CONCLUSION ND DISCUSSIONS

An approximated solution of the deflection which is in
the form of a polynamial function gives satisfactory results as
seen in the graphs, although ths values of the bending moment
are scattcer at some pointse This is because of one of the
boundary conditions has been approximated. That is, the total
bending momcnt along the gdge is equal to zero. Another cause
of error is duc to the chﬁsen form of the deflection functione.
In using the value of bending moment near the vicinity of the
applied load, caution must be taken peéauée of the large error

in this area,

The form of the assumed deflection function can also
cause the discripancies betwecen the theory and experimente. Were
more terms in the polynomial employed, the theoretical results

should show better agreement with the experimental onese.

When this proposed solution is extended to the case of
distributed load over the area of thc plate and is comparcd to
the work of C. Vijakhana and Lee, the value of deflections, are
1.035 times their solutione Also the values of bending moments

are 1.035 times their solutione
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APFENDIX I . N\

STRAIN GAGE TECHNIGUE

Principle

The strain gage techpique is based on the characteristic
of metal which changes the cloctrical resistance with the strain

caused,

The eclectpic/ryesistence R . is given by

1
i \X P i (1)
where F = resistivity of wirc material

To obtain = unit change in resistance, the logarithms

for both the right and left members are differentiated,

L& GNGKORN AMNIVERSARY . _Ba

R B 3 1 A (2)

If a wire of length 1 is elongated by 2 tension and the
initial diamet-r d is changed to d' effected by Poisson's ratio,

therefore

Substituing into cqe (2)
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AR AP -
=/ - (1+2V) + 0 /e (3)
where € = strain = Al/1

The change in resistivity P is in proportion to the

volumetric change of th: material

Ap & mp ev (4)

where mnm 1is = proportional constant

O : K i
and = i (1_201+-i~ (5)

Substituting /dge S intoeq, (4) and (3), then eq.

(3) becomas

AR

== 4 R em) +2Y (1=m (6

Most of tHé resistive-motcopfals used for the strain gage
is an alloy wire or foil of copper aAnd nickel, where m 2= 1 in

valuva
Therefore, the right side of ¢q. (6) bucomes 2, ie.

BARS

o 2
= = 2 (7)

The valve defined by ¢de (7) is called strain sensitivity
of metal materizl (K) which depends on the resistive material

used for strain gage,

AR
= = K (8)
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It is seen that the unit change in resistance is propor-

tional to the magnitude

strain sensed. Therefore, it is

desirable that resistive materials have a2 const, K value irrespective

of strain magnitude,

For the circuit, it is generally used wheatstone bridge

circuit. This is the mest freguently used, high accuracy measuring

circuit for measurement of smzll resistance chinges,

In Fig.15 ®» i£/4 gege resistance, R,y Ry and R, are

3 4

fixed resistors. ¥ is/applied on the bridge circuit. If the

resistance changes” td R+ R,/ then ‘there will be 2 voltage e

ot the output terminglds of Ehizibridge as.

; Here 2 R jg} AR, thercfore

Ra O\ RI AR
R3 + R'll. R AR + R2
= R4 y one has
+
- AR ~
2(2R £ AR) 7 5
E « AR
vy = (10)

From this, it is seen that the bridge output voltage,

I

Substituting

is proportional to the unit change in resistance of the gagc.

©ge (10) inte eg. (8)
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(11)

= %*K*(E
Then it is clear that e 1is proportional to strain,
€ ,s Thercfore, to find out the value of strain is to meosure

the bridge output voltage,

£ two gagues are usged at right angles to each other, the
value of strains will-bBe recordid-as apparent strains € , G_y .

To obtain the truc serpdas | € and ey’ using the relationship

€ A LXK (B -k B 42
x PN & ¥

€ 2 - V& ( € K € ) (13)
Y — _ K2 y ¥

where X da—Ethe transversesensitivitye.
If the value of K is very small, the valuc of 2pparucont

strain and true strain will be the samoe

The bending moment lx ~nd ¥, can be obtained by the
Y

following ecxpressions

2D
- - Pt . 14
My = (€ x 4 Y €y) (14)
. - 2u {3 = A
My = = Ey + x) (15)
where U is the flexuraol rigidity and h is the thickness oz

the plate,



Instrumentation

1. Eguipments
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(a) Portable strain Gage Bridge Type 5580, Tinsley

l(apge

sensitivity

Cage Wedistanes

Limii=cf=—Er¥ror

External Circuits

Gage Factor Range

Reactive Sffect

(1]

13

% 10,000 units of microstrain
upon 2 10 - turn slidewire.
The detector is sufficiently
sensitive for balancing to

1 unit of microstrain with
100 ohm ¢gages.

Gages with any resistance
between 50 and 2,000 ohms

may he used,

£/,1 % of reading or 5 units
of microstrain whichever is
the greanter,

Suitable for single gage with

dummy gnge, 2 gag- and 4

9]
)
e
m

bridgee

The gage factor may be voried
in steps of 0,01 from 1.3 to
44,5

Lead capicitance up to .05

j» F will not effect the
balance or sensitivity of the

bridge,



(b)

(c)

(d)

Output

Fower Supply

apex Unit

Type

Selector Switch

Connaction

Strain Gage Kyowa

Type
Resistance

Gage,; Factor

Dial Cage HMitutoyo

range
Nos

Graduation

"o

(1]

we

(1}

(L}
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The output can be examined
with an oscillescope by means
of a connection to the output
jack.

DEAC 13,5 volt chargeable

battery,

4907 J

25 - point manual, 26
position selector switch.
Two plugs and sockets for

each resistor connection,

BFC - 5 - D 16 - 11,

120~~~ 120.9 ohm.

2= 0P

20 mme
2050 E

001 mma

2. Procedure For Bonding Gages

For the experiment, Kyowa gages (KFC = 11 - D16) are

used. The gage factor is 2,09 and gage resistance is in the range

120 v 120.9 ohms.

For bonding gages the surface of specimen is
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finished by sand = paper. Remove oil and grease by using acetones.
The adhesive (CC - 15.) is applied at the area of specimen then
set the gage on thc bonding positione. «after pressing with a finger,
leave the gage in the air about 24 hours. To protect thc moistive,
the gages are coated with wax (C = 1A). Then the gages are
connected to the strain gage bridge and an apex unite The bridge

circuit, connection and wiring diagram are shown in Figs 16, 17

and 18.
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HAPPENDIX IX

TiBLES

This content is composzd of the results obtained from
the proposed solution and the/ gxperimental investigation. The

results are shown in_ tabular, form from table 1 through table 9.



Table 1 The co-ordinates x, y of the position for

measuring the deflections and strains

no
(o3

B Positions for measuring Fositions for measuring
= deflection strain
Foint -
x(mm. ) y (e ) x(mme ) y(mme )
] 3S5. 04 %} beL. 83 o
& 263 .35 . 529,17 <
3 131,07 O 18750 )
o g 0 €5.63 ¢
= -151.6% o) -65.83 G
6 263.55 J =127.50 o
7 - 2552 oot -257.33 37.92
¢ -257:585 o6y -25755 19575
Y =257.55 227,50 =257.23 169.5¢
10 ~2D755 505453 =257.33 265.42
1 =257+33 372417 -257.353 341,25
12 - - -257.%% 417.08
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Table 2 Values of w v 2 and W frow proposed solution

/Pa ) ya:

Foint” ) D/Paz "/

¥ =0.3 ¥ =0.1 Y =0.3 Y =0.1

1 0. 050 Ciozy 0,047 V.S
2 U, 045 Ve UHS G.07c 2.077
3 C.%060 SN 0. 004 C.09%
4 U. 063 D062 Us 098 Ve 0Y0
5 _. 061 e SI60 0. 0vE e OY5
€ 0.U57 Ve U5 C.080 e Ueb
7 Ce 056 TS C. 007 U Ut
o 0.0 el VR ere Ue U7
o) 7. 043 oo % .06 s.uth
10 0. 0351 VO3 0. 040 D.047
11 Ca iy @017 0.027 C.C26

_
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Table 3 Deflections by variation of load from proposed
solution, ¢ = 043
w (mm. )

Polnt 3.325 6.225 | 10.125 | 12,425 | 16,425 | 20.625

(kg) (kg) (kg) (ka) (xag) (kg)

1 0. 164 Ve Th 0475 0. 566 0. 775 C.8PD

2 0e259 U, o 0, 788 C. 966 1.270 1.60U4

3 .33 45065 Ue 952 1.1686 1. 545 IEL

b4 %, 327 o.6n2 Q. 996 1,222 1.615 2,020

g 0.317 Gl 594 00965 1,185 1.566 1,960

6 0.299 0565 0210 1.117 1.476 RSL
7 Ue291 0. Ol5 U, 886 1.0087 1437 1,00k !
8 0.265 0496 0.0607 Je 990 1,509 1,043 !
9 c.222 | G.416 | 0.677 | 0.831 1,098 1,375 |
10 . 164 5e307 0.499 0. 613 0.81C 1,017 |
1 0.091 A C.278 0540 U450 0e566 !
|
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Table pvata of deflections from experimentetion
Weight e
’ 15 20 25 30 Initialf
(kg) rdg,.
. = or
Spring
NORE g 56 | 7.7 8.7 ST B
(kqg) jauge
R
Dial
gauge
rdge.
Nos 1 596 28450 35.5 b2, Sl
2 5840 65.6 8.0 SUJL 26,2
3 5.5 6&.5’ 5.5 "+L5'.U 'L;')Iul-J
- ) !
b el 975 3.0 8.0 66.2 |
5 5. b 78,4 16.5% 5541 Bhed
6 L{-.a ‘l;“l'ot- L}L;'nn) L.:D-.J o ras l'
86.4 6.1 4o.3 75.2 T
& 79.6 IGe 5 30.2 6045 103
9 65.0 81.0 7:8 3542 149
10 49.6 6{.‘-}“ ‘/0\0 5--—' 5-0
11 25.8 3ok T 5408 1o
e
Note. Dial gauge No, 14 2 (in) Graduation 0,001

wWeight of the tray 0,125 kga

Dial gauge Nos 3 = 11 (mm) CGraduztion 0,01

Ml o
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Table 5 Deflcctions bv variation of load from experimentation

Load
3,325 50225 105125 12,425 16,425 20,625
(kg)

veflection |
(mm) :
of point i
Noa 1 Go TH4 Ge290 s, 0. 562 Us 772 Ga gL |
NS |
2 0257 0,498 0. 608 1.001 1,316 146371 |
_ |
5 "-032';-' Jpéz}"' 1:\."5}3 1.23}') 1.6:‘25 b !
i e 546 4. 659 1.063 1.313 1.710 2. 15¢ i
|
5 o o I C.657 1. CO4 1.254 1.615 2akro '
: | |
6 G.287 C.569 To o84 1.090 1,435 1792 |
7 U276 G553 G &59 1.056 1433C (A
|

c S o9 U D05 Sy Ar el G.96¢ 1.277 .50

2 06 206 2.419 0.639 . 791 1.059 1:%1
0 . 151 Ged 07 U466 .57k U. 76C 1,000 i
11 0.078 T.160 S-S 0302 JeDYY U, 496 ;
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Table 6 Valucs of My/P and MY/P from proposed solution

6 = 043 (o |
Point

M,./P My/P My /P My ‘E
i Ve324 -0Up 119 0.538 ~-0s 107
2 U320 -0 002 L -0, 001
3 0:528 Gt 0. J06 U.u9b
4 0.259 Q. 100 P, Os101
5 D.186 Oh 260 5s 160 0.250
€ 0. 086 Cw316 C. 079 Ue322
v 0. Dk Sl 7 0.025 0. 348
o SR L1, IV .02z Ue 340
Y 0. 020 Ge 1% 0015 ves2h
10 -0, 01k L B =0.000 U.26o
11 =003y 0d232 =0.025 Uelld
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Table 7 Bending moments Mx and My by variation of load

from proposad solution, \S = 0,3

Loge 3.125 |, 7.125 11.125 14,125 17.125
(kg)
Bending
oment
(N=m/m)
M qx 94933 A 7224646 55,360 44,895 54 431 '
Mgy =5.648 #8518 | =12.987 -16.489 -19.992 i
Moy 10,055 2926 | 35.797 45,450 55,103 |
Moy -0.061 =0. 140 =0.128 -G.277 -C. 256 !
Mgy 0u3i1 21.388 33,396 42,401 54407 ]
M3y 3,066 64990 495913 13,857 16,780 ':
Mgy 7.940 184103 28,266 35.88¢ 435,511 !
M gy 5.76% 13,140 20,518 26.050 31 583 |
Mgy 5.702 13,001 20.209¢ 25.773 31:247 |
Mgy 7.971 18.173 28.375 36.027 boat7s %
M ey c.698 6.151 0,604 12,164 14,704 l
Y 6y 9,749 22.227 | 34.705 ek, OBk 53.k23 !
|
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Table 7 (continued)
Load
3.125 7125 11.125 14,125 17.125
(kg)
Bending
moment
[N—m/m)
Mgy 1o 0k2 24376 3,711 L,711 5.712
M7y 106392 25.635 36.997 L6.o74 564551
Fex Ce9el 29697 e 274 4,157 5, 04O
Mgy 10. 116 23,066 %6.015 45,727 BE.458
Mox G613 1.358 2.183 2.771 54360
Moy 0.593 21.877 34,160 b,571 52,562
M10x 0.152 O+ 549 g.546 C.69% 0.840
Viq0y 8.82% 20,130 2145 1 39,907 43,383
M11x =SWHES -0.979 -1.528 -1.940 -L.;,al
Mq1y 7.767 174754 27.721 35.196 43.6?1'
Mq2x -1.156 - 2.726 -4,256 -5 b0k -6.55;1
Myoy 6449 14,818 254137 29.376 35,615 |
i
|
|
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Table 8 strains at various point by variation of load
(experimentation)
Welght 5 10 15 20 25
(kg)
spring
scale rdge. 2 3 L 6 8
(ka)

strain x10

Foint 1x 18.75 42400 65400 82.25 100.00
1y |=13.00 -18.00 =28.50 42,50 -68.C0
2x 15625 HEJIS 5150 67.25 85.50
2y -5.75 -13.00 -17.25 -20.75 -25.50
3x 0«SR 35K S4.5 72,00 88.C0
3y 500 6.75 G375 12.00 1375
ix 14,00 33400 52.00 70.0C &4 .00
4y 1 WO 2L« 50 Lb .00 57.00 6¢.00
5% 5400 20.00 38.00 50.00 6240
S5y &e00 20,00 5L.ob 67.50 87.25
6x =240 -%.75 =-£3.00 =7.00 -84 00
6y 17« U0 43,00 70.00 89.75 113%.00
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Table 8 C(continued
(kg]
5pring
scale rdqg. 2 3 - 6 8
(kg)
strain
x106
point 7x -3.75 =110 =13.00 -15.75 =Z23%25
7y | 2hk.co 50/2% 65.00 89436 105.C0
8x | =5,25 -9.50 =15.00 -19.75 -24.75
8y | 24.50 LR — 67.50 87.0C 108.00
9x _6."3 "6.50 -10.25 "1""'.?5 —17025
9){ 20U« 00 39-25 55-00 ??.O 9 |l?5
10x =2.00 ~7.00 =-10.25 -14,75 -17.25
10y 15 5 51.00 48.25 61,00 7575
11x | =4,0 -6.75 -$+50 -12.00 =15.00
11y | 16.00 31.30 51.00 62.75 72,50
12}( -11?5 -50'\}0 -9100 -110?5 -14'-?5
12y Cach 21.75 %3525 46,25 538,00
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Table 9 Bending moments at various point by variation of

load (experimentation), 6 = 0.3

a8 3,125 7,125 17,125 14,125 17.125
(kg)
BSending

moment

(N-m/m)

M5 9795 23.480 37,234 45,842 524504
Hgy =4.865 [ /=3.75¢L ~5.936 | =11.757 ~25.065
Mox 7.602" | /154029 504556 ho.252 51.350C
Moy -1.171 =2 USH -14167 -0.3579 0.098
M 3y 10860 YR58 37,848 4o, 866 6C. 756
M 3y 5. 888 | 17.015 12117 22.162 26.450
M oax 11,407 27 406 45,006 7451 68,862
“ay 114345 | 25,529 594312 514449 61.475
5% b6 19.128 34,959 46,337 544 160
‘ 5y 6,266 27746 Lo bog 54 417 60.£1G
Mg 2o 4S5 €.035 9.0k 13,143 17 . 004
Mgy 10,017 27.621 44,3505 57.814 72.952




Table 9 (continued)
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Load )
3.125 7.125 11,125 14,125 17.125

(ka)

Bending

moment

(N-m/m)

My 24276 24 6d8 b.287 5.6.9 6.767
Moy 15.088 30,969 ho.3u2 50.311 65.053
Moy 1o 588 1,847 5465 4,188 5.013
Yy 15,121 25+ 16k 414555 52.477 664335
Mox G OO0 5479 AT 6.167 8,77
Mgy 12. 085 cH 603 36 229 L&, o6E 57.10%
M10x 1.303 1,517 21787 243542 3,216
M0y O g sk 19,062 29,800 57.3%17 45,25
M 1% P 5 S 1o 51 G 4,502 FoA52
"1y 9.762 | 19.31¢ | 31.760 39,018 Ll 853
Hiox Ue 0706 1. 006 1,059 1.4¢c2 2655
M 12y 5:755 15:357 21.470 28.181 56 . 196
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Fig. 5. Deflection plotted against x/a , Yla =0
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Fig. 6 Deflechon plotled aganst yja = xm = -1/3
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1 5 (.0 8
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) 1 | 1 1
26333 -131.67 0 131.67 263.33 395,00 X Cmm)

Fig. 10. Deflection  plotted agamst  x, y‘-—a
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1 1 1 1 . =0
0 : 75.83 151.67 2275 303.33 37917 Y ( mm)

Fig. 11. Deflection plotfed agamsf‘ Yy, K= -257.33 mmn.
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Fig. 14 Moment ploffed against  y, x - -257.35 mm.
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15 Wheatstone bridge. circuit
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Mains Input

A Henvator
for CQ@"Qe" On -OFF Switch Baffery lest Swifch
Range ,—Output Jack.

gg@gensaﬁrg ' @ @ / @
i ol g&_ﬂpex

4

O —-Rever.sfng

@ @ Switch
<Measunn

Gauvge 7 Guage Factor Dxa/ ' Measurmg Dial _y
NOTE : When used with external Apex Unit open link between 2 and 3

Fig. 1e. Sfrain Gauge Bridge connections for Two Arm Bridge
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