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A Study on the Load Distribution Factor in the Perforated Square Plate
with Elastic Support at Four Corners
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The load distribution factor in the perforated square plate under concentrated load acting at

arbitrary points through elastic media are calculated. For the calculation the perforated plate was
converted into an orthotropic plate using the method suggested by J.B. Mahoney. In the process
of the calculation the angle support at each corners was equivalent to a point support having
equivalent stiffness. The deflections for the calculation of the load distribution factor were
obtained using auxiliary plate extended in both directions of the plate and compared with the
results from ANSYS calculations. After showing the validity of the current method, the calcula-
tion of the load distribution factor was performed. The result showed that the load distribution
factor at the periphery of the plate is larger than that of in the central locations. This load
distribution factor could be used for re-distribution of the applied load in more accurate analysis

of the plate as well as it can be used in the analysis of the elastic media as the load factor.
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Table 1 Load distribution factors at loading points for case 1

Node No. X (mm) Y (mm) LDF 1° LDF 2* LDF 3*
1 —63.54 —63.54 1.02046 1.04357 1.08345
2 63.54 —63.54 1.02046 1.04357 1.08345
3 63.54 63.54 1.02046 1.04357 1.08345
4 —63.54 63.54 1.02046 1.04357 1.08345
5 —35.30 —35.30 1.00000 1.00000 1.00000
6 35.30 —35.30 1.00000 1.00000 1.00000
7 35.30 35.30 1.00000 1.00000 1.00000
8 —35.30 35.30 1.00000 1.00000 1.00000
g —21.18 —63.54 1.00706 1.01651 1.02876
10 21.18 —63.54 1.00706 1.01651 1.02876
11 21.18 63.54 1.00706 1.01651 1.02876
12 —21.18 63.54 1.00706 1.01651 1.02876
13 —63.54 21.16 1.00706 1.01651 1.02876
14 ~63.54 —21.16 1.00706 1.01651 1.02876
15 63.54 21.16 1.00706 1.01651 1.02876
16 63.54 —21.16 1.00706 1.01651 1.02876

% LDF . Load distribution factor

1) LDF 1 : Guide thimble stiffness 562.92N/mm
2) LDF 2 : Guide thimble stiffness 1125.84N/mm
3) LDF 3 : Guide thimble stiffness 2251.68N/mm
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Table 2 Load distribution factors at loading points for case 2

Node No. X mm) Y (mm) LDF 1* LDF 2* LDF 3*
1 —62.87 62.87 1.02958 1.05870 1.12079
2 62.87 —62.87 1.02958 1.05870 1.12079
3 62.87 62.87 1.02958 1.05870 1.12079
4 —62.87 62.87 1.02958 1.05870 1.12079
5 —37.72 —75.44 1.02567 1.05091 1.10460
6 37.72 —75.44 1.02567 1.05091 1.10460
7 75.44 37.72 1.02567 1.05091 1.10460
8 37.72 75.44 1.02567 1.05091 1.10460
9 75.44 —37.72 1.02567 1.05091 1.10460

10 —37.72 75.44 1.02567 1.05091 1.10460
11 —75.44 -37.72 1.02567 1.05091 1.10460
12 —75.44 37.72 1.02567 1.05095 1.10460
13 —75.44 0.00 1.01914 1.03795 1.07805
14 0.00 —75.44 1.01914 1.03746 1.07805
15 75.44 0.00 1.01914 1.03795 1.07805
16 0.00 75.44 1.01914 1.03795 1.07805
17 -37.72 —37.72 1.00690 1.01380 1.02840
18 37.72 —37.72 1.00690 1.01380 1.02840
19 37.72 37.72 1.00690 1.01380 1.02840
20 —37.72 37.72 1.00690 1.01380 1.02840
21 0.00 =37.72 1.00000 1.00000 1.00000
22 37.72 0.00 1.00000 1.00000 1.00000
23 —37.72 0.00 1.00000 1.00000 1.00000
24 0.00 37.72 1.00000 1.00000 1.00000

% LDF . Load distribution factor

1) LDF 1 : Guide thimble stiffness 483.80N/mm
2) LDF 2 : Guide thimble stiffness 967.60N/mm
3) LDF 3 : Guide thimble stiffness 1935.22N/mm

% n 2 3§

(1) Malkin, 1., 1952, “Notes on a Theoretical Bases
for Design of Tube Sheets of Triangular Layout”,
Tran. ASME., Vol. 74, pp. 387~396.

(2) Mahoney, J.B., 1962, “Analysis of Perforated
Circular Plate Containing a Rectangular Array of
Holes”, WRC Bulletin, No. 80.

(3) Mahoney, J.B., L. Salerno, L., 1975, “Stress
Analysis of Circular Plate Containing a Rectangular
Array of Holes”, WRC Bulletin, No. 151.

(4) O’Donnell, W.J., 1962, “Design of Perforated
Plates”, Tran. ASME. J. of Eng. for Industry, Series B.
Vol. 84, No. 3, pp. 307~320.

(5) O’Donnell, W.J., 1970, “Further Theoretical
Treatment of Perforated Plate with Square Penetra-
tion Pattern”, WRC Bulletin, No. 151.

(6) Jones, D.P., 1979, “Elasto-Plastic Analysis of
Perforated Plates Containing Triangular Penetration
Patterns of 10% Ligament Efficiency”, Tran. ASME.,
J. of Pressure Vessel Tech., Vol. 101, No. 3, pp. 211
~221,

(7) FRAGEMA, 1988, “Mechanical Design Report



B LTS U WA SN WEMG R A #HR 571

for 17x17 Assembly”, Sep. Points”, Tran. ASME,, J. of Pressure Vessel Tech. Vol.
(8) Song, K.N., Kunz, J. 1988, “Fuel Design Report 107, pp. 134~141.
for 14 x 14 Assembly”, Sep. KAERL
9) Timoshenko, S. Woinowsky-Krieger, S. “Theory
of Plates and Shells”, McGraw-Hill Book Co., 2nd ed.
(10) Kwee, HK. 1985, “The Bending of an Orth-
otropic Membrane Wall Supported at Arbitrary

(11) Lekhnitskii, S.G. “Anisotropic Plates”, Gordon
and Breach Science Publishers.

(12) DeSalvo, G. J., 1983, “ANSYS Engineering
Analysis System User's Manual”, Rev. 4. 1.



