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Notes on the Thermal Stresses for Aluminum Superstructures

Sun Young Pak

Abstract

The effect of thermal stress on a ship’s hull is not considered to be serious by most naval
architects. Frequently, however, cracking of hulls has been reported which occurred at sea
while there were no external forces except the heat from the sun. Detailed investigations have
been made of these reports and it has been reliably determined that the damage was initiated
by solar heating.

The author is not interested in all steel ship or in the applicability and validity of the
formula itself, as it has already been proven by the experiments such as S.S. Boulder Victory.
{23, (3

The author therefore proceeds directly to calculate the stress distribution on the hull and
superstructure of the prototype model ship. [5]

These calculations are based on the experimental nonsymetrical temperature gradient data
taken earlier on the Boulder Victory. The calculations were made principally to determine the
extent of stresses which occurred on an all-steel ship in one case and secondly, those that
occurred on a ship with a steel hull and an aluminum superstructure.

From the calculations, the author expected the stress distribution of the two ¢ases would show
distinctly different aspects, but the acquired results were very similar. Generally, at the point
of junction of the steel hull and aluminum superstructure sharp peak stresses appeared.

At the juncture of the superstructure and the main deck the ship with the aluminum super-
structure registered almost 1000 psi more stress than did the ship with the all-steel construction.

In view of these findings, the author recommends to ship designers that they pay particular
attention to the point of junction of steel and aluminum plate.

The author has proven that it is extremely important that a greater safety factor be used
at the aluminum-steel junction point than at any other point. Although thermal effects cause
high juncture-point stresses in all-steel ships, they are not nearly as critical as in a ship cons-

tructed of two or more metals.
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o 2 3 | 4 ] 5 6 1
| ltem | Area sof |yt ]z | i |
! ‘ area | area
No i actual | composite deck | all steel ship [ (stbd) | (port)
1 0.375 13.08 | 10.21 1.00 —1.00
} 2 0.875 13.08 0.21 3.00 ~3.00
3 0. 375 13.08 10.21 | 5.00 | —5.00
4 0.875 13.08 | 10.21 | 7.00 ~7.00
; 5 0.375 12.08 | 9.31 7.7 -7.71
‘ 6 0.375 | 10.18 f 7.31 7.31 —7.91
'; 7 1.475 9.08 6.21 4.62 . —4.62
8 0.805 | 8.68 | 5.81 | 7.81 ~7.81
i 9 0.190 | 7.68 | 4.81 7.72 -7.72
g 10 0.345 6.18 | 3.3 7.72 -7.72
1 0.180 | 5.18 2.94 | 7.72 —7.72
| 12 1. 460 § 4.86 | 1.7 4.62 —4.62 |
| 13 0.425 4.41 | 1.54 | 7.71 -7
‘ 14 0.190 | 3.41 | 0.54 | 7.91 —7.91 |
| 15 0.575 | 2.01 0.86 | 7.91 ~7.91 |
| 16 0.375 | ~0.01 | ~2.86 | 7.91 —7.91 |
’ 17 0.375 | ~1.99 | ~4.86 7.91 —7.91 |
: 18 0.375 ‘ —3.99 . ~6.86 7.91 ~7.91 |
19 0.375 | —5.99 1 -8.86 7.91 —7.91 |
20 0.375 | -7.99 —10.86 ! 7.91 -7.91 |
3| 0.375 | -9.99 | ~12.86 | 7.91 -7.91 |
22 1.500 1 ~10.89 | ~13.76 4.62 ~4.62 |
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(a) Temperature gradient curves

Temperature gradient Curves taken +rom

Temperature gradient curves taken jrom experiment. f’* POULDER VICTORY
“JASPER” Report
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Condition I ! End of deck
4 32 1 ° 1 23 a e Condtion & g va:i-g:‘E?‘eof stee! hull
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(b) Temperature gradient table.

\ Ite(rln } Symetric Conditic;n 1 / Conditi;m 1 I“ 7 Condition [f 7
‘ C?)Ed’r fport Ell’ld Stbd Stbd port . 7 Stbd o Wp;)rt ' 7 St;bd ” pO!'t |
g ] 51.5) 9.1 5.6 8.2 8.7 66. sl 65.8
! 2 | 18.2) 8.6 7.6 82.9 82. 21 66.7% 62.3
o8 42, 0‘1 6.5 1.5/ 76.5, 63. 2‘ 64. 4‘; 48.0.
4 38.0 4.8 3.3 60.5 6.5 57.5] 39.5
|5 { 24.0§ 31.5 4.8 37.0 40. 0\ 41.5] 55. 6
6 20.0? 37.3 5.21 19.5 43. 7} 23.8 59.7,
7 1‘ 1.6 38.1 5.8 14.5 9.8 18.4 59.6
8 16.8 38.3 3.5 14.0 133 1.2 58.4
9 ‘& 14.7 38.5! 3.0 1.8 41.8% 15.3 56. 2
‘ ‘ | :
10 | 12.0 40.0 18 12.6 39.8 1.7, 53.9
1! 10.3 4.3 1.1 119 39.4, 10.2 53. 8
12 4.8 42.2 2.0/ 1.7 29.1 9.0, 535
1 7.5 42.5 2.5 11.0 39, O)E 4 520
U 5.5 42.0 3.0 10.4 38.5, 7.1 50.5
15 3.53 22.0 2.5, 8.3 8.2 4.0 6.2
16 2.0 2.1 1.2 4. 5 3.1 16 15
17 L2 1.2 0.5 18 2.0 1.2 0.5
18 0.8 0 0 Lz 12 0 )
s 0.3 0 0 L2 1.2 0 0
20 0.3 0 0 12 12, 0 0
21 0. 3 oi 0 1.2 12 0 0
22 1 0. 3“ 0!{ oj 1. 2 L2, 0 0
| Condition [ (845 Sun’s altitude 29 degree.) 1
Note | condition I (1555 Sun’s altidude 50 degree)
condition [[ (1810 Sun’s altitude 20 degree.) i
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( condition M)

43

° &nicr*gne
i I End of deck
¢ é:;‘*-:" e Composite deck 2 5'.',‘,,”..;0} stee} hotl
—— Composite deck 2 aq......ng& steel hyll -~ Al steel ship 3 Water line
e sl swp ] Nede b ¢ Bestamine
5. & #
(1 HRBE G e

(a) MY
3 &
23 9ck

(b) Zef%rye] BRG] A Bl 2 SAifife] Wi #el ek

(o) §BMRel S508 HIRM S-S ool F MiEMacl # 1000 psith fE7se)
100 psi #2% Afel.

e BEMOR G 2R 2 SHMES - Elste meld Lo K& smooth

7Fz v} aluminum =} steel o] S HfRel = = T BB A THBE(peak point)2- o]

—

ol o=z ARE oldt REE

(2 H—gs
() Bhesrfiz B (815 Aihr 29° Al )& el s
(b 5+ Wit EIREORRS L AEsEA W HEE shRlm gl

(cr Aire]

B8] FE

2] A R el BEL R siite o REESA A =

(d) §—, T WS A o zhe] HEE 712

(&) Zft &2 =08l 4 WS 2R 2 ) FE BIY U w5 o ARy F—
B S Srel THERS et giv
B #EHE Mrtetx delx A2 #ier AL B 2 BEho o 9 A% 52 A0 d: R

¢ EUE (1515 KGR L 5002 sl 5.



44

(b) EAfE 25 HED BERGE Wekon] e 9 4sich

(o) Bhafits obF THEAM R Eits] #=lx 9ot

() Wiigte] =5 FHEEES g T 22 FHEE veilz gleos 2 BEE 95 4t

() WA W& RS- # 8000psie] olzxm glond o8} 2-& HK-& S.S. Boulder Victory 2]
BRI A oln] Bl ulejch

D) FE=REEA =

@ MESMHE A9 % (1810 K& 20°)¢ HulE=R Hstdd.

(b) ZZALM2] side steel 8] WE = H9 F-Fo2 A KEHSHL &MFs) BHEEHSZ Y # 8000 psi
o] fRET olz2A v FEMez 2w ol {4l EAel # 10,000psie] P& U Fo] FH
o}

© 1= 7R% H—. TEEEA =@ 2 HEES balvh
6. # £

RS ody] gl EAFNE Ak wel B EE A {— #E: 2d F3 gk

Zelvk S AL B el AR S Mol od EHEE FHHS: £ 1,000psi B
gon Hasd 4 28y @pach 3ok

aeez EHRRY & EEE o2 odelw BERS BEHY del & steel 3 aluminum o] el Ak
HEEE sbE #E e e FlekE O shRIR] thelm Roh: &Rl ol Bol. B2 AR THEST B
ol B¥£E-& Hilshsl &3 BREE o2 B3t & H3l @iE=A 283

o

-1

2 £ X W

[ 1] Jasper, N.H., “Temperature-Induced Stresses in Beams and Ships” T.M.B. Report 937,
June 1955.

[2] Meriam, J.L., “Thermal Stresses in the S.S. BOULDER VICTORY” Inst. of Engineering
Research, Series 101, Issue 3, University of California, Berkeley, Calif., Oct., 1957.

[ 8] Meriam, J.L., et al “Thermal Stresses in the S.5. BOULDER VICTORY” J.S.R., vol 2,
number 2, Oct. 1958.

{47 Jasper, N.H., Service Stresses and Motions of the ESSO ASHVILLE”, T.M.B. Report 960
September 1955.

[5] Corlett, E.C.B., “Thermal Expansion Effects in Composite Ships” Trans. Inst. of Naval
Architects, v.92, p. 376, 1950.

[ 6] Suyehiro, K. and Inokuty, T., “Some Hints Regarding Deflection of Ships due to Tem-
perature Difference”, Journal of the Society of Naval Architects (Japan) Vol. XIX, 1916.

(7] Hurst, O., “Deflections of Girders and Ship Structures: A Note on Temperature Effects”
Trans. Inst. of Naval Architects, v. 85, p. 74, 1943.

[ 871 Howe, E.D., Boodberg, A., and O’Brien, M.P., “History of Residual Stresses in Welded



H3% M1 196604 47]

Ships (NS-303), Part II-Temperature Studies of Liberty, Victory, and Refrigerated Cargo

Ships”, Feb, 25, 1946.

(9] “Hogging and Sagging Tests, M.V. NEVERITA”-Admiralty Ship Welding Committee,
1946,

[107 Timoshenko, S., and Goodier, J.N., “Theory of Elasticity”, Second Edition, 1951, Mc-
Craw Hill, p.401.

[11) Melan, E., and Parkus, H., “Warmespannungen infolge stationarer temperaturfelder”,
Springer-Verlag (Vienna), 1953.

(12} Hechtman, R,A., “Thermal Stresses in Ships”, a report presented to the Ship Structure
Committee (c/o U.S. Coast Guard), Oct 30, 1956.

[13]) Gatewood, B.E., “Thermal Stresses”, McGraw Hill, 1957.

{147 Parkus, H., “Instationare Warmespannungen”, Springer-Verlag (Viennea), 1959.

45



