2k. Outer edge free, inner edge =0, M, M,=0. =0 If r, = b (uniform load over entire plate),
simply supported
_qﬂ Cy 2 bia 0.1 0.3 0.5 0.7 0.9
o = - L 2
L b= DCT ["3 b .a Tol 1 |]
| o K;.u —0.1115 —0.1158 —0.0826 —0.0378 —0.0051
| g g =Jigt— 12 K, ~0.1400  -02026  —0.1876  —0.1340  —0.0515
i ~a 2b K, —0.1082 —0.1404 —0.1479 _0.1188 _0.0498
| ol K-M.., —1.2734 — 06146 —0.3414 —0.1742 - 0.0521
i = thaCy + @, T T Ly, -
o ga®
b, =0,C, +Qﬂ:ﬁcﬁ _TLH
21, Outer edge free, inner edge ¥p=0 6,=0. M,= Q,=0 If r, = b (uniform load over entire plate),
A b 0.1 0.3 0.5 0.7 0.9
Y o o Ja : ke .5 ; 4
‘Mn'.l = g-ﬂ [:J. Hb:ﬂ_ =Ta :I_L'IT]
rl:l“ 8 L=0 Kh —0.0757 —0.0318 — 0.0086 —0.0011
. | - _—_ Kf"u —0.0868 —0.0512 — 0.0207 —0.0046 —0.00017
2 :JL—JI*JII] @ = E a® —rg) Ky, ~0.9646  =0.4103 -0.1736 —0.0541 —0.00530
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TABLE 11.1  Mumerical values for functions used in Table 11.2 [(Continued)

/T 0.400 % 0.300 0.250 0.200 0.125 0.100 0.050
i, 0.605736 0.7046599 (. THRHGOR 0.881523 1.049227 1.54 7080 1.882168 3.588611
G, (1.136697 0.161188 0.173321 (0.191053 0.207811 0.229548 0.235987 0.245630
(5 (.022290 0.027649 0.030175 (.033465 0035691 0.035236 (.033380 0.025072
Gy 1.135000 1.266667 1.361667 1.562500 1. 220000 2881250 3.565000 7.032500
G (. 420000 0.444444 (455000 (0.468750 0. 480000 (0. 492187 (1. 495000 0. 498750
( 0.099258 01090248 0.112346 (.114693 0.112944 0099203 0.090379 0.062425
[ (.955500 1.213333 1.380167 1.706250 2. 184000 3.583125 4 504500 8.077250
(ia (. 706000 (.GRASHS 0L.6R1500 0671875 0664000 0.655469 0.653500 0.650875
(g 0.297036 0, 2805885 0282550 0.266288 0.242827 0.190488 (. 166993 0106089
G 0.003833 0.005499 0006463 0.008057 0009792 0012489 0.013350 0.014843
(F1a 0000827 0001208 0001435 0001822 0002266 0.003027 0.003302 0003872
[P (L.000289 0000427 0.000510 0.000654 0000822 0001121 0.001233 0.001474
Gy 0.024248 0.031211 0.034904 (.040595 0046306 0.054362 0.056737 0060627
(T 0.006691 OLO0ETS0 0.009945 0011798 0013777 0016917 0017991 0020139
G 0.002840 0.003770 (.004280 0.005138 0006065 0007589 0.008130 0009252
Gy 0.119723 0.139340 (.148588 0.162637 0.175397 0.1917495 0.196271 0.203191
G5 0.044839 0.053402 0.0567723 0064263 0.070816 0080511 (083666 0029788
P 0.023871 0.028769 0031261 0.0350488 0039031 0.045067 0.047086 0.051154
C,Cq = CyC, 0.034825 0.041810 (0.044925 (0.048816 0.051405 0.051951 0.051073 0047702
C,Cy —CCs 0.158627 0.170734 0174676 0.177640 0.176832 0.168444 0.163902 0.153133
ol — GGy 0.004207 0.005285 0005742 0.006226 0006339 0005459 0.004800 00028249
CoCy — CyCy 0024867 0.027679 0L028408 0.028391 0026763 0020687 0.017588 0008740
CyCy — CpCy (.2422094 0.234900 (0. 229682 0.220381 0209845 (0.193385 0.188217 0.179431

t To obtain a value of either C;. L;. or F, for a corresponding value of either b/a.r_/a, or b/r, respectively, use the tabulated value of G; for the corresponding

value of r,/r.



TABLE 11.2  Formulas for flal circular plates of constant thickness
NOTATION: W =total applied load (force); w =unit line kad (force per unit of circumferential length); g <load per unit area; M, = unit applied line moment bading (Foree-length per unit of
circumferential length); &, —externally applied change in radial slope (radians); ¥, =externally applied radial step in the vertical deflection (length); ¥ =vertical deflection of plate (length);
# = radial slope of plate; M, = unit radial bending moment; M, = unit tangential bending moment; ( = unit shear foree (force per unit of circumferential length); E = modulus of elasticity (foree per
unit area); v = Poisson’s ratio; = temperature coelficient of expansion (unit strain per degree); @ = outer radius; b = inner radiues for annular plate; ¢ = plate thickness; r =radial leation of quantity
heing evaluated; r, =radial kbeation of unit line lsading or start of a distributed load. F; o F; and G| to (G, are the several functions of the radial location . C, to Oy are plate constants dependent
upon the ratio a/'b. Ly to Ly are loading constants dependent upon the ratio a;r,. When used as subscripts, rand £ refer to radial and tangential directions, respectively. When uwsed as subscripts, a,
&, and o refer to an evaluation of the quantity subscripted at the outer edge. inner edge, and the position of the loading or start of distributed loading, respectively. When used as a subseript, ¢ refers
to an evaluation of the gquantity subseripted at the center of the plate.

Positive signs are associated with the several quantities in the following manner: Deflections ¥ and y, are positive upward; slopes 0 and &, are positive when the deflection v increases positively as
r increases; moments M, M,, and M, are positive when creating compression on the top surface; and the shear foree € is positive when acting upward on the inner edge of a given annular section

Bending stresses can be found from the moments M, and M, by the expression o = 6M /%, The plate constant I = Ef 121 — v . The singularity function brackets { » indicate that the
expression contained within the brackets must be equated to zero unless r - r_, after which they are treated as any other brackets. Note that @, @ . M, and M_ are reactions, not loads. They exiat
only when necessary edge restraints are provided.

General Plate Functions and Constanta for Solid and Annular Cincular Flates
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TABLE 11.2 Formulas for flal circular plales of conslant thickness (Confinued)
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TABLE 11.2 Formulas for flal circular plales of constant thickness (Conffnued)
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2k. Outer edge free, inner edge =0, M, M,=0. =0 If r, = b (uniform load over entire plate),
simply supported
_qﬂ Cy 2 bia 0.1 0.3 0.5 0.7 0.9
o = - L 2
L b= DCT ["3 b .a Tol 1 |]
| o K;.u —0.1115 —0.1158 —0.0826 —0.0378 —0.0051
| g g =Jigt— 12 K, ~0.1400  -02026  —0.1876  —0.1340  —0.0515
i ~a 2b K, —0.1082 —0.1404 —0.1479 _0.1188 _0.0498
| ol K-M.., —1.2734 — 06146 —0.3414 —0.1742 - 0.0521
i = thaCy + @, T T Ly, -
o ga®
b, =0,C, +Qﬂ:ﬁcﬁ _TLH
21, Outer edge free, inner edge ¥p=0 6,=0. M,= Q,=0 If r, = b (uniform load over entire plate),
A b 0.1 0.3 0.5 0.7 0.9
Y o o Ja : ke .5 ; 4
‘Mn'.l = g-ﬂ [:J. Hb:ﬂ_ =Ta :I_L'IT]
rl:l“ 8 L=0 Kh —0.0757 —0.0318 — 0.0086 —0.0011
. | - _—_ Kf"u —0.0868 —0.0512 — 0.0207 —0.0046 —0.00017
2 :JL—JI*JII] @ = E a® —rg) Ky, ~0.9646  =0.4103 -0.1736 —0.0541 —0.00530
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11.14 Tables

TABLE 11.1

Numerical values for functions used in Table 11.2

Numerical values for the plate coefficients F, C, L, and & for values of b/r. b/a. r, /a, and r,/r, respectively, from 0.05 to 1.0. Poisson's ratio is 0.30.
The table headings are given for & to (3, for the various values of r,/'r.T Also listed in the last five lines are values for the most used denominators

for the ratios b/a

Foir 1.000 0.900 0.800 0.750 0.700 2 0.600 0.500
G,y 0.000 0.098580346 0.19478465 0.2423283 0.2897871 0.3215349 0.3858887 0487773
Gy 0.000 0.004528991 0.01859406 [.0284644 0.0401146 0.0487855 0.0680514 0.100857
5 0,000 0.000158070 0.00119108 0.0022506 0.0037530 0.0050194 0.0082084 0.014554
G, 1.000 0.073888880 0.957 50000 (.9541667 0.9550000 0.9583333 0.9733333 1.025000
i 0.000 0.095000000 0.1 2000000 0.2187500 0.2550000 02777778 0.3200000 0.375000
G 0.000 0.004662232 001725742 0.0258495 0.0355862 0.0425624 0.0572477 0.079537
in 0.000 0.096055556 0.204 75000 0.2654167 0.3315000 0.3791667 0.4853333 0.682500
Gy 1.000 0.933500000 0.87400000 [.8468750 0.8215000 0.8055556 0. 7760000 0.737500
Gy 0.000 0.091560902 0.16643465 0.1976669 0.2247621 0.2405164 0.2664220 0.290808
Gy 0.000 0.000003996 0.000061 04 0.0001453 0.0002935 0.0004391 0.0008752 0.001999
Gya 0.000 0.000000805 0.00001240 0.0000297 00000603 0.0000905 0.0001820 0.000422
Gy 0.000 0.000000270 000000418 0.0000100 0.0000205 0.0000308 0.0000623 0.000146
Gy 0.000 0.000158246 0.00119703 0.0022693 0.0038011 0.0051026 0.0084257 0.015272
Ghs 0.000 0.000039985 0.00030618 0L.0D05544 0.0009861 0.0013307 0.0022227 0.004111
Gy 0.000 0.000016107 0.00012431 00002383 0.0004039 0.0005468 0.0009196 0.001721
3y 0.000 0.004718219 001775614 0.0268759 0.0374539 0.0452137 0.06821534 0.090166
Chys 0.000 0.001596148 000610470 0.0093209 (0.0131094 0.0159275 0.0221962 0.032948
Ghg 0.000 0.000805106 0.00310827 00047694 0.0067426 0.0082212 0.0115422 0.017341
C, Gy = C3C, 0.000 0.000305662 0.00222102 0.0041166 0.0067283 0.0088751 0.0141017 0.023878
CyCy = CC5 0.000 0.009010922 003217504 (.0473029 0.0638890 0.0754312 0.0988254 0.131959
C,Cy - C,C, 0.000 0.000007497 0.00010649 0.0002435 0.0004705 0.0006822 0.0012691 0.002564
CpCy — C3Cy 0.000 0.000294588 0.00205369 0.0037205 0.0059332 0.0076903 0.0117606 0.018605
C,Cy — CgCs 0.000 0.088722311 0.15682772 (.1817463 0.2028510 0.2143566 0.2315332 0.243886




TABLE 11.1  Mumerical values for functions used in Table 11.2 [(Continued)

/T 0.400 % 0.300 0.250 0.200 0.125 0.100 0.050
i, 0.605736 0.7046599 (. THRHGOR 0.881523 1.049227 1.54 7080 1.882168 3.588611
G, (1.136697 0.161188 0.173321 (0.191053 0.207811 0.229548 0.235987 0.245630
(5 (.022290 0.027649 0.030175 (.033465 0035691 0.035236 (.033380 0.025072
Gy 1.135000 1.266667 1.361667 1.562500 1. 220000 2881250 3.565000 7.032500
G (. 420000 0.444444 (455000 (0.468750 0. 480000 (0. 492187 (1. 495000 0. 498750
( 0.099258 01090248 0.112346 (.114693 0.112944 0099203 0.090379 0.062425
[ (.955500 1.213333 1.380167 1.706250 2. 184000 3.583125 4 504500 8.077250
(ia (. 706000 (.GRASHS 0L.6R1500 0671875 0664000 0.655469 0.653500 0.650875
(g 0.297036 0, 2805885 0282550 0.266288 0.242827 0.190488 (. 166993 0106089
G 0.003833 0.005499 0006463 0.008057 0009792 0012489 0.013350 0.014843
(F1a 0000827 0001208 0001435 0001822 0002266 0.003027 0.003302 0003872
[P (L.000289 0000427 0.000510 0.000654 0000822 0001121 0.001233 0.001474
Gy 0.024248 0.031211 0.034904 (.040595 0046306 0.054362 0.056737 0060627
(T 0.006691 OLO0ETS0 0.009945 0011798 0013777 0016917 0017991 0020139
G 0.002840 0.003770 (.004280 0.005138 0006065 0007589 0.008130 0009252
Gy 0.119723 0.139340 (.148588 0.162637 0.175397 0.1917495 0.196271 0.203191
G5 0.044839 0.053402 0.0567723 0064263 0.070816 0080511 (083666 0029788
P 0.023871 0.028769 0031261 0.0350488 0039031 0.045067 0.047086 0.051154
C,Cq = CyC, 0.034825 0.041810 (0.044925 (0.048816 0.051405 0.051951 0.051073 0047702
C,Cy —CCs 0.158627 0.170734 0174676 0.177640 0.176832 0.168444 0.163902 0.153133
ol — GGy 0.004207 0.005285 0005742 0.006226 0006339 0005459 0.004800 00028249
CoCy — CyCy 0024867 0.027679 0L028408 0.028391 0026763 0020687 0.017588 0008740
CyCy — CpCy (.2422094 0.234900 (0. 229682 0.220381 0209845 (0.193385 0.188217 0.179431

t To obtain a value of either C;. L;. or F, for a corresponding value of either b/a.r_/a, or b/r, respectively, use the tabulated value of G; for the corresponding

value of r,/r.



TABLE 11.2  Formulas for flal circular plates of constant thickness
NOTATION: W =total applied load (force); w =unit line kad (force per unit of circumferential length); g <load per unit area; M, = unit applied line moment bading (Foree-length per unit of
circumferential length); &, —externally applied change in radial slope (radians); ¥, =externally applied radial step in the vertical deflection (length); ¥ =vertical deflection of plate (length);
# = radial slope of plate; M, = unit radial bending moment; M, = unit tangential bending moment; ( = unit shear foree (force per unit of circumferential length); E = modulus of elasticity (foree per
unit area); v = Poisson’s ratio; = temperature coelficient of expansion (unit strain per degree); @ = outer radius; b = inner radiues for annular plate; ¢ = plate thickness; r =radial leation of quantity
heing evaluated; r, =radial kbeation of unit line lsading or start of a distributed load. F; o F; and G| to (G, are the several functions of the radial location . C, to Oy are plate constants dependent
upon the ratio a/'b. Ly to Ly are loading constants dependent upon the ratio a;r,. When used as subscripts, rand £ refer to radial and tangential directions, respectively. When uwsed as subscripts, a,
&, and o refer to an evaluation of the quantity subscripted at the outer edge. inner edge, and the position of the loading or start of distributed loading, respectively. When used as a subseript, ¢ refers
to an evaluation of the gquantity subseripted at the center of the plate.

Positive signs are associated with the several quantities in the following manner: Deflections ¥ and y, are positive upward; slopes 0 and &, are positive when the deflection v increases positively as
r increases; moments M, M,, and M, are positive when creating compression on the top surface; and the shear foree € is positive when acting upward on the inner edge of a given annular section

Bending stresses can be found from the moments M, and M, by the expression o = 6M /%, The plate constant I = Ef 121 — v . The singularity function brackets { » indicate that the
expression contained within the brackets must be equated to zero unless r - r_, after which they are treated as any other brackets. Note that @, @ . M, and M_ are reactions, not loads. They exiat
only when necessary edge restraints are provided.

General Plate Functions and Constanta for Solid and Annular Cincular Flates
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TABLE 11.2 Formulas for flal circular plales of conslant thickness (Confinued)
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TABLE 11.2 Formulas for flal circular plales of constant thickness (Conffnued)
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11.14 Tables

TABLE 11.1

Numerical values for functions used in Table 11.2

Numerical values for the plate coefficients F, C, L, and & for values of b/r. b/a. r, /a, and r,/r, respectively, from 0.05 to 1.0. Poisson's ratio is 0.30.
The table headings are given for & to (3, for the various values of r,/'r.T Also listed in the last five lines are values for the most used denominators

for the ratios b/a

Foir 1.000 0.900 0.800 0.750 0.700 2 0.600 0.500
G,y 0.000 0.098580346 0.19478465 0.2423283 0.2897871 0.3215349 0.3858887 0487773
Gy 0.000 0.004528991 0.01859406 [.0284644 0.0401146 0.0487855 0.0680514 0.100857
5 0,000 0.000158070 0.00119108 0.0022506 0.0037530 0.0050194 0.0082084 0.014554
G, 1.000 0.073888880 0.957 50000 (.9541667 0.9550000 0.9583333 0.9733333 1.025000
i 0.000 0.095000000 0.1 2000000 0.2187500 0.2550000 02777778 0.3200000 0.375000
G 0.000 0.004662232 001725742 0.0258495 0.0355862 0.0425624 0.0572477 0.079537
in 0.000 0.096055556 0.204 75000 0.2654167 0.3315000 0.3791667 0.4853333 0.682500
Gy 1.000 0.933500000 0.87400000 [.8468750 0.8215000 0.8055556 0. 7760000 0.737500
Gy 0.000 0.091560902 0.16643465 0.1976669 0.2247621 0.2405164 0.2664220 0.290808
Gy 0.000 0.000003996 0.000061 04 0.0001453 0.0002935 0.0004391 0.0008752 0.001999
Gya 0.000 0.000000805 0.00001240 0.0000297 00000603 0.0000905 0.0001820 0.000422
Gy 0.000 0.000000270 000000418 0.0000100 0.0000205 0.0000308 0.0000623 0.000146
Gy 0.000 0.000158246 0.00119703 0.0022693 0.0038011 0.0051026 0.0084257 0.015272
Ghs 0.000 0.000039985 0.00030618 0L.0D05544 0.0009861 0.0013307 0.0022227 0.004111
Gy 0.000 0.000016107 0.00012431 00002383 0.0004039 0.0005468 0.0009196 0.001721
3y 0.000 0.004718219 001775614 0.0268759 0.0374539 0.0452137 0.06821534 0.090166
Chys 0.000 0.001596148 000610470 0.0093209 (0.0131094 0.0159275 0.0221962 0.032948
Ghg 0.000 0.000805106 0.00310827 00047694 0.0067426 0.0082212 0.0115422 0.017341
C, Gy = C3C, 0.000 0.000305662 0.00222102 0.0041166 0.0067283 0.0088751 0.0141017 0.023878
CyCy = CC5 0.000 0.009010922 003217504 (.0473029 0.0638890 0.0754312 0.0988254 0.131959
C,Cy - C,C, 0.000 0.000007497 0.00010649 0.0002435 0.0004705 0.0006822 0.0012691 0.002564
CpCy — C3Cy 0.000 0.000294588 0.00205369 0.0037205 0.0059332 0.0076903 0.0117606 0.018605
C,Cy — CgCs 0.000 0.088722311 0.15682772 (.1817463 0.2028510 0.2143566 0.2315332 0.243886
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Tab. 1.162

1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8
1,9
2,0
2,1
2,2

—0,005
—0,019
—0,043
—0,077
—0,120
—-0,173
—0,236
—0,310
—0,393
—0,487
—0,592
—0,711

—0,002
—0,004
—0,008
—0,014
—0,020
—0,027
—0,034
—0,042
—0,044
—0,059
—0,079
—0,081

—0,004
—0,014
—0,029
—0,049
—0,072
—0,099
—0,128
—0,161
—0,197
—0,234
—0,274
—0,317

r3
(esterno)

0,105
0,220
0,345
0,480
0,625
0,780
0,945
1,120
1,305
1,500
1,705
1,920

0,050
0,105
0,160
0,215
0,275
0,335
0,395
0,460
0,520
0,580
0,645
0.710




