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Abstract

A growing trend in the design of the submarine proves the need for increasing the level of water depth,

especially for the military activities. Moreover, the complexity of modern submarines and their

demand for efficiency, safety, and greater reliability, is a challenge for designers in making the design

of submarine particular component known as pressure hull. The pressure hull is the main load-bearing

structure in a naval submarine. The basic structural component is a ring-stiffened cylindrical metallic

shell under an external hydrostatic pressure load. The ring-stiffeners forestall buckling of the shell until

the material exhibits yielding, thereby taking advantage of the full material strength and increasing the

structural efficiency. The aim of the paper is to investigate the buckling strength behavior of ring

stiffened submarine pressure hull. The influence of the bulkhead positions on the buckling strength
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ABSTRACT 

A growing trend in the design of the submarine proves the need for increasing the 

level of water depth, especially for the military activities. Moreover, the complexity of 

modern submarines and their demand for efficiency, safety, and greater reliability, is 

a challenge for designers in making the design of submarine particular component 

known as pressure hull. The pressure hull is the main load-bearing structure in a 

naval submarine. The basic structural component is a ring-stiffened cylindrical 

metallic shell under an external hydrostatic pressure load. The ring-stiffeners forestall 

buckling of the shell until the material exhibits yielding, thereby taking advantage of 

the full material strength and increasing the structural efficiency. The aim of the paper 

is to investigate the buckling strength behavior of ring stiffened submarine pressure 

hull. The influence of the bulkhead positions on the buckling strength behavior of the 

ring stiffened submarine pressure hull are presented and discussed. 

Key words: Ring Stiffened Structure, Buckling Strength Behavior, and Submarine 

Pressure Hull. 
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ABSTRACT 

The effects of corn cob ash (CCA), a pozzolan and kenaf fibre (KF) a natural plant 

fibre on the compressive strength properties of cement composites were investigated in 

this study. Ordinary Portland cement (OPC) replaced with CCA at different 

proportions and the KF reinforced composites derived were used to produce roofing 

sheets. Concrete cubes specimen of 100 × 100× 100 mm3 were used for mechanical 

properties consideration in this work. The composite without KF and CCA 

replacement for OPC were used as the control and OPC with CCA replacement of 

5%, 10%, 15%, and 20% were tested for compressive strength characteristics at 7, 14, 

21 and 28 days curing time. The mix ratio adopted for this work was 1:3, a table 

vibrator was used while the quarry dust used allowed water/cement ratio of 0.6 to 

attain workability. The control (0% CCA and 0% KF) experiments have lower 

compressive strength values that increased from 7 to 28 curing days than those which 

contained KF and CCA replacement for OPC at 5%. The compressive strength was 

found to increase with curing age from 7-28 days while the result showed decreased 

strength as the CCA increased from 15-20% in the matrix. MatLab R2013 model was 

used to analyse the compressive strength results from experimental investigations 

carried out. The results of the effect of CCA on compressive strength at 0, 5, 10, 15 

and 20% CCA replacement of Portland Cement and 0% KF ranged from 5.19 to 8.25 

N/mm2, 7.68 to 9.97 N/mm2, 8.56 to 12.34 N/mm2, 4.06 to 7.24 N/mm2,4.07 to 7.21 

N/mm2. The maximum value (12.42±0.6 N/mm2) of compressive strength was obtained 

at 5% CCA contents with 7.5% KF. The effect of CCA on the compressive strengths 

was significant at P > 0.05 both in row and column of the matrix language adopted in 

MatLab analysis of variance (ANOVA).  

Key words: Compressive strength, Corn Cob Ash, Kenaf Fibre, Pozzolan, composites, 

mix ratio. 
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ABSTRACT 

The Aer-Tech material was initially envisaged as a void filling and fireproofing 

material, but recent research findings has shown great structural potential. The 

structural effect of Aer-Tech material conforms with the analogy as stated in (Moseley, 

Hulse and Bungey.1999) that areas of tension on a reinforced Aer-Tech material are 

prone to undergo cracking. Ultimately, the ductility of reinforced Aer-Tech beam is 

primarily important in justifying structural capability of the material. Since, from 

structural standard it is paramount for a ductile structural material to undergo large 

deflection at near maximum load carrying capacity, by providing ample warnings to an 

impending failure. This paper had shown clearly that Aer-Tech material displacement 

ductility ratio taken in terms of µ = ∆u ⁄∆y, which is the ratio of ultimate moment to first 

yield deflection.  Where ∆u is the deflection at ultimate moment and ∆y is the deflection 

when the steel yield. In general, high ductility ratios confirm that structural member is 

capable of undergoing large deflection prior to failure. Consequently, the result of this 

investigation on Aer-Tech reinforced beam ductility, shows that Aer-Tech material 

possess relatively good ductile characteristics as beam shows clear signs of cracks on 

beam long before failure. Other results of Aer- Tech material stress and strain 

behaviour had further confirm Aer-Tech material as a structural effective material 

comparable to conventional concrete since the ultimate experimental failure load of 

Aer-Tech material is 38.7 KN, whilst the theoretical calculated ultimate load is 35 KN.  

The nearness of experimental and theoretical failure load confirms structural capability 

of Aer-Tech material.  

Key words: Investigating, Deflection, Material, Structural, Lightweight, Aer-Tech 

Material. 
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