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PARAMETRIC ANALYSIS OF THE STABILITY AND LOAD 
CARRYING CAPACITY OF PRISMATIC SEGMENT SHELLS 

SUBJECTED TO COMPRESSION 

The study is devoted to a parametric analysis of the stabili ty and load carrying 
capacity of prismatic segment shells built of rectangular sections of cylindrical shells 
and subjected to compression. Segment shells (columns) with a constant cross­ 
sectional area (weight) have been analysed and all the results obtained have been 
compared with the results obtained for the cylindrical shell with a radius R and 
a thickness 1I

First, an influence of geometrical parameters of the cross-section of single-layer 
isotropic shells has been analysed and such profil es have been sought for which the 
load carrying capacity is significantly higher than in the case of the cylindrical shell. 

Then, for a selected shape of the shell (apart from higher load carrying capacity, 
this choice could be influenced by other factors such as, e.g. easiness of manufac­ 
turing), an effect of the arrangement and thickness of orthotropic layers of the shell 
(laminate) on the stabili ty and load carrying capacity has been investigated. 

The analysis has shown that one can design a segment shell made of the same 
orthotropic material and characterised by higher resistance to buckling and load 
carrying capacity than a single-layer cylindrical orthotropic shell. The results are 
depicted in the form of plots. 

1. Introduction 

In the present study, the notion of prismatic segment shell s will be 
referred to the shell s that are circumscribed on the cylinder with a radius 7(
built of * segments (sections) of cylindrical shell s with a radius / ( whose 
geometry is determined additionall y by angles 2a and 2y (Fig. 1), and built of 
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Fig. 2. Overall dimensions of analysed segment shell 

The middle segment is described by radii R and r, angles a, /3 and y and 
a shell thickness t. In the general case of the shell depicted in Fig. 1, the angle 

0!1

The angle /3between the radius R going through the segment edge and the 
tangent to the shell segment with the radius r on the same edge, depends on 

a rise f of the shell section and can vary within the range O ::; /3 ::; i (Fig. 2) 

The quantities n, R, L, Iw, 8 and /3 will be treated as the known (given) ones. 
The quantities y, r, and f can be calculated from the following formulas: 
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n r= 7 + a- /3, 

r 8 9:; a R 8 9:; a R 
<=9>?@/3) 9:; A B
J 8 r(l - cosy). 

(2) 
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program developed 
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where ! is the curvature of the cylindrical shell section "! #= ! or ! $ = -R1 
), and 

%
the summation with respect tom is from 1 to 3 (m = 1, 2, 3). It is necessary to 
take into account the additional terms in the expressions concerning 
variations in curvatures in order to expand the range of application of the 
obtained equations of stability to shell s characterised by larger rises (than, for 
instance, in Volmir, 1967) and at analysing interactive buckling (e.g. 
accounting for an influence of the global buckling on the local one). 

The physical equations have been written in such a way as to make it 
possible to use them for multilayered walls made of linearly elastic 
orthotropic materials as well . 

The equations of equilibrium have been obtained in the following form: 

[Ni(l + &1.1) + N3u1,2],1 + ' ( )&*+) + ( , "- + uu)],2 =O, 

[N1u2,1 + N3(l + . / #) 0 1! 2( 34#* + [N2(1 + Uz,2) + N3u2,1 - !2( 54#) =O, (5) 

(tN4,1 + ( *&, #* + N3u3,2),1 + "2( 5+* + 2tN6,l + N2U3,2 + N3U3,1),2 + kN2 = O. 

In the above-mentioned equations, N1, ( ) # ( , are the dimensionless 
sectional forces, ( 6#( 7# ( 3 1the dimensionless sectional moments, u1, u2, &,

-the components of the displacement vector, 21289 shell thickness, and k-its 
curvature. 

As it has been mentioned above, after expanding the fields of disp­ 
lacements '8 and the fields of sectional forces ( ! into power series with 
respect to the buckling mode ampli tudes (0 (the amplitude of the n-th 
buckling mode divided by the thickness 2of the wall assumed to be the fi rst 
one), Koiter's asymptotic theory has been employed. 

n= }.[/fl + : ; < =; 0 + . 

( ! = >( =? 0 + "; ( ! ; 0 + . ( 6) 

where Di0l, Ni0l are the pre-buckling state fields, and < =; -# ( =; 0 the ; 128
buckling mode fields. 

After the substitution of the expansions (Koiter, 1976) into the equilib­ 
rium equations, the continuity conditions and the boundary conditions 
(corresponding to the jointed support at the girder ends), the boundary 
problem of the zero and fi rst order for the case of uniform compression along 
the generating lines of the cylindrical shell segment has been obtained. 

In the case of the load that varies along the shell perimeter in the 
pre-critical state (e.g. at bending), such a load can be modelled with a step-like 



!" # $ %&'%( )& * +%) , - . ' / ( ' 01 ) 2 3%) 2 1 4)5 , 62 $ %4- ) 7 . '%)

89:; <=> 5?9@ AB?=CD9=D <= <=@<8<@E95 CD:<FC DGH CGH55 <C @<8<@H@ <=D?IJ
6GH ?KD9<=H@ C; CDHL ?MG?L ?>H=H?EC ?:@<=9:; @<MMH:H=D<95 HNE9D<?=C,
O<DG DGH B?::HCF?=@<=> B?=@<D<?=C ?MDGH <=DH:9BD<?= ?MCH>L H=DC, G9C
KHH= C?58H@K; DGHD:9=C<D<?= L 9D:<P L HDG?@, G98<=> <=DH>:9DH@=EL H:<B955;
DGH HNE<5<K:<EL HNE9D<?=C 95?=> DGH B<:BELMH:H=D<95 @<:HBD<?= <= ?:@H:
D? ?KD9<= DGH :H59D<?=CG<FC KHDOHH= DGH CD9DH 8HBD?:C ?= DO? 5?=><DE@<=95
H@>HCJ QE:<=> DGH<=DH>:9D<?= ?MDGHHNE9D<?=C, / ?@E=?8RC?:DG?>?=95<S9D<?=
L HDG?@<CHL F5?; H@J

2 = DGHK9C<C?MDGH?KD9<=H@C?5ED<?= D? DGHD9CT, 9 B?L FEDH: F:?>:9L G9C
KHH= @H8H5?FH@J 6G9=TCD? DG<CB?L FED9D<?=95 B?@H, B:<D<B95 5?9@C9=@<=<D<95
F?CDUKEBT5<=> HNE<5<K:<EL F9DGC B9= KH B95BE59DH@9=@DGH 5?9@B9::; <=>
B9F9B<D; ?MDG<=UO955H@CGH55VF59DHCD:EBDE:HCACGH55C, KH9L C, B?5EL= CI O<DG9=
9:K<D:9:; F:<CL 9D<B B:?CCUCHBD<?=, O<DG 9D 5H9CD ?=H 9P<C ?MC; LL HD:; ,
CEKWHBDH@D? 9P<95 B?L F:HCC<?=, HBBH=D:<B B?L F:HCC<?= ?: KH=@<=> <= DGH
C; LL HD:; F59=H ?MDGH CD:EBDE:H, B9= KH HCD<L 9DH@J 4D:EBDE:H O955C B9= KH
L 9@H?M<C?D:?F<B9=@V?: ?:DG?D:?F<BAB?L F?C<DHI L 9DH:<95CDG9D9:HC<=>5HU?:
L E5D<59; H:H@A59L<=9DHCIJ

6GH CD:EBDE:H B9= KH:H<=M?:BH@O<DG 5?=><DE@<=95 H@>H CD<MMH=H:C A?FH=
F:?M<5HCI ?:V9=@<=DH:L H@<9DH CD<MMH=H:CJ Q<MMH:H=DL ?@HC ?MKEBT5<=>, <JHJ
>5?K95 AM5HPE:95, M5HPE:95UD?:C<?=95 9=@D?:C<?=95I, @<CD?:C<?=95, 5?B95 9=@
<=DH:9BD<8H KEBT5<=>, B9= KH 9=95; CH@J

4. Numerical calculation results and their analysis 

6GH=EL H:<B95 B95BE59D<?=CG98HKHH= FH:M?:L H@M?: CH>L H=DCGH55CO<DG
9 B?=CD9=DDG<BT=HCC ?MO955C, CEKWHBDH@D? E=<M?:L 9P<95 B?L F:HCC<?=J 6GH
CGH55O955C L 9@H ?M<C?D:?F<B, ?:DG?D:?F<B 9=@L E5D<59; H:H@L 9DH:<95C O<DG
?:DG?D:?F<B 59; H:C G98HKHH= 9=95; CH@J

6GHB95BE59D<?=CG98HKHH= 9<L H@9DDGH@HDH:L<=9D<?= ?MCEBG>H?L HDX
:<B95 F9:9L HDH:C ?MCH>L H=DCGH55C 9=@CEBG 9= 9::9=>HL H=D?M?:DG?D:?F<B
59; H:C<= L E5D<59; H:H@CGH55O955C9DOG<BGB:<D<B955?9@C?MDGH5?B95?: >5?K95
KEBT5<=> 9:H C<>=<M<B9=D5; G<>GH: DG9= M?: DGH <@H95 B; 5<=@:<B95 CGH55O<DG
9 :9@<EC & 9=@DGH <@H=D<B95 B:?CCUCHBD<?=95 9:H9J ' = DG<=UO955H@CD:EBDE:HC
ADG9D9:HCEKWHBDD? KEBT5<=> 9D5?O 895EHC?MHMMHBD<8HCD:HCCHCI, 9= <=B:H9CH<=
895EHC?MB:<D<B95 CD:HCCHC<CHNE<895H=DD? 9= <=B:H9CH<= DGH<: 5?9@B9::; <=>
B9F9B<D; J

4.1. Calculations of isotropic shells built of n segments of cylindrical 
shells (ó Y O) subjected to compression 

6GH B95BE59D<?=C G98H KHH= B9::<H@?EDM?: CGH55C O<DG ZU! [ CH>L H=DC,
OG?CHB:?CCUCHBD<?=C9:HCG?O= <= \ <>J " J
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n=6 

Fig. 3. Cross-section of shell s with 6 and 12 segments 

The calculations have been made for the foll owing data: R = 400 mrn, 
L = 800 mm, n= 4+18, t ~ 1 mm, /3 = 0+90°, E = 2 x 105 MPa, v = 0.3. 
Some selected results of these calculations are presented in Table 1 and 
plotted in Figs. 4 and 5. 

Table I. 
Critical stress value for different /3 angle and number of segments n 

~ 

4 6 8 10 12 16 18 

o 98.805 217.795 324.885 411.5775 512.161 699.033 657.336 

7.5 113.293 263.092 379.941 495.237 529.07 635.849 688.793 

15 164.767 298.682 401.596 480.227 628.147 638.128 794.184 

22.5 198.048 319.733 448.753 500.114 644.263 691.131 856.01 

30 226.088 359.779 425.767 556.405 493.89 733.184 663.917 

45 260.974 353.283 401.371 378.631 405.927 422.489 334.302 

60 232.8 236.4 245.3 136.I 261 216 169.4 

75 91.1 79.9 88.9 68.2 76.4 77.9 204.1 

82.5 131.0 97.5 161.3 181.0 146.4 197.8 78.9 

90 298.0 298.0 298.0 298.0 298.0 298.0 298.0 

The calculation results for shell s with n 2: 20 are not included in the 
present study as for these shell s (especiall y at smaller values of the angle /J), 
the ratio Lir has not fall en within the range 
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It follows from the conducted computations that for angles f3 > 55° 
(independent of the number of shell segments), values of critical stresses in 
the segment shells under analysis are lower or at most equal to the value of 
critical stress a;,= 297.9 MPa in the ideal cylindrical shell with the radius 
R = 400 mm and the thickness t; = I mm (with the same cross-sectional 
area). Also in the four-segment shell , the values of critical stresses are lower 
than in the whole range of changes in the angle (Fig. 4). Maximum values of 
critical stresses for shell s with n ~ 6 increase with an increase in the number 
of shell segments and in practice occur for angles /3 that fall within the range 
20° ~ f3 ~ 30°. A sharp increase in these stresses, in comparison to stresses 
for the ideal cylindrical shell , occurs already for shell s with n = 10, for which 
maximum critical stresses are more than twice as high I= 650 MPa) as in the 
ideal cylindrical shell (""' 300 MPa). 

Taking into account the fact that the lower critical stress in the cylindrical 
shell s under compression is approximately three times lower than the upper 
critical stress, and that the lower critical stress in the cylindrical panel under 
compression is equal to more than 1/2 of the upper critical stress, it should be 
expected that the load carrying capacity will increase more than 3 times in the 
1 O-segment shell under analysis in comparison to the ideal cylindrical shell. 
Such a high increase in the load carrying capacity is caused by refractions at 
the angle 2/3 that occur where segments contact each other. It can be seen in 
Fig. 3 that, in particular, refractions at the angle 30° ~ 2/3 ~ 60° play a role of 
longitudinal stiffeners and cause an increase both in the critical stresses and 
the load carrying capacity. 

4.2 Analysis of the infl uence of the angle ~ on the values of cr itical stresses 
in shell segments 

The computations have been carried out for IO-segment shell s charac­ 
terised by the following data: R = 400 mm, L = 800 mrn, n= 10, f3 = 30°, 
8 = 1-10 [deg], t = 0.73-0.82 mm. The results of calculations are shown in 
Fig. 6. 

It follows from this diagram that with an increase in the angle 8, the 
critical stress fi rst decreases slowly (in the range O ~ 8 ~ 5.5°) and next 
(for 8 > 5.5°) decreases quite sharply. Moreover, with a change in the 
angle 8, a number of half-waves of the buckling mode changes along 
the shell length. 

If we treat shell elements with a radius R and a central angle 8 as plate 
elements, then the values of critical stresses vary slightly, and for small angles 
8, they do not change in practice. 
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4.3 Infl uence of the mater ial or thotropy on the stabili ty of shell segments 

5L; ADG=O; DH; ?GIL; 7 JI; <AJ=?<IL?I<?FQ?DIL; KIJNA=AIQ?GK; B7 ; DI KL; ==K
LJK N; ; D JDJ=QK; M G?< KL; ==K HLJ<JHI; <AK; M NQ IL; G?==?RADB MA7 ; DKA?DKS
R 8 TUU77 , L 8 >UU77 , a= " UV, 99CWV, ! >V, ! WVJDM! !C9WV, AC; CG?<D8 #,
>, ! U, ! 9 JDM ! # JDMG?< fJ 8 UV, ! WV, " UVJDMTWVC5L; <; 7 JADADB XOJDIAIA; K
ILJI M; KH<AN; IL; B; ?7 ; I<Q?GKL; ==KLJE; N; ; DHJ=HO=JI; MG<?7 IL; G?<7O=JKS

n 
r=-+a-fJ 

2 

r 8KADJCR 
KADQ
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t=--.-·t r sma 

RL; <; t; 8 1 77 AK IL; ILAHPD; KK ?GIL; HQ=ADM<AHJ= KL; ==?GIL; KJ7 ;
H<?KKYK; HIA?DJ= J<; J JK IL; K; B7 ; DI KL; ==K ODM; < JDJ=QKAKC5L; HJ=HO=JIA?DK
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4.4. M ultil ayered segment shell 
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4.5 Shell with a complex cross-section 
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, AM><A>M@?R%F?@HI@MR * QELQER 3__ '
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