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1, Introduction 

Lani~nated composite plates are used extens~vely as primary structural components n varous 
enyneering applications They are bullt-up of a number of layers in such a fash~on so as to best 
match the requremenrs of the glven structural appkation Th~s construct~on actually results 111 
heterogeneous anlsotropy w h ~ c h  glves rise to rather complex v~bration. buckllng and fluttor 
characteristics of laminated composite plates For an eft~cient desgn, however, these features 
must be well understood preferably by mak~ng use of an elegant and economlc method of 
analysis. Thls thesis IS a contribution In t h ~ s  directlor!, to thc analysis of vibrat~on. bucKling and 
flutter ot composlle lammales 

2. Problem forrnulation 

A general formulat~on of the problems of v~brat~on, buckllng and panel flutter of composlte 
iamlnates IS made, using higher-order transverse shear deformaton theory Thls generalwed 
fornlulation IS concise and helps In a unified treatment of the three problems, for any combnation 
of boundary condit~ons and w t h  full control on the various des~gn parameters ot the laminates In 
the panel flutter calculations, the two-dimensona state approximation for aerodynamic loadlng is 
employed The forrnulatoq presented here, based on Lagrange equatlon approach. IS for any 
angle-ply or cross-ply laminate wi th synimetric, ant!-symmetric or unsymrnetric ldy-ups For the 
solu:l~n. ~n-plane dlsplacements(U, V) and rotations of hne normal to middle surface of the 
laminate ( B,, p,) are expressed I" terms of lrigonornetric sine-cosine serles whereds. out-of 
plane dlsplacernentjw) is expressed In terms of double series of adm~sslble functlons as 
aPPrOPriate to the given boundary condtions of the laminate During t h s  study. algebraic errors 

Paper Published earller deal~ng with a free v~bration problem of a clamped rectdngular 
laminate. w h ~ c h  v i t~ate the final results have also been brought out and clarlried 

3. Results and  discussions 

3.7. Free vibration 

The free v~bration problems of copposlte iamlnates of rectangular. skew and trapezoidal 
geometrles are studled in detail. A general quadriotera1 geometry is firs1 mapped oil to a unit- 
square doma~n, employing a standaid technique. The assumed modes for the out of~plane 
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T a b l e  I 
C o n v e r g e n c e  s tudy ;  Rectangular ,  c l a m p e d  C,-CI-C,-C, s y m r n e t r ~ c  angle.ply 

c o m p o s i t e  l a m i n a t e  

No of layers ; 4 130". 60,60"~110 I a b - 1  2 g , ; ~  

M N Ms:rix s~rc  k ,  I... k i , ,  k ,  

dspacementiW) are respectively expressed 1 1  ierms of double serles of clamped-clamped beam 
character~stic functions for chmped laminates and Chebyshev polynomials for smply supported 
laminates The effects or the geornetrisal parameters such as aspect ratio, ply angle. numSerof 
layers as also the thickness ratlos of plies on the frequencies of the laminates are systematically 
studled and the lay-ups of laminates which tend to rnaxlmise the natural frequencies of vibration, 
are arrived at The preferred stacking sequences and the optimum thickness ratios of lam in at^ 
for achieving a maxmum value of the fundamental frequency for a given configuration are than 
employed to determ~ne Lhe varlous frequencies and nodal patterns Nunierical results obtained 
from thls analysis, on specialisat~on to solropic as well as orthotropc cases. are first compared 
with the results availahie in the literature Convergence is studied (Table I) for frequency 
parameter values of laminates by varying the terms irl the assunied serles for displacementsand 
roiations Numerical results, for a set of rectangular composite laminates with clamped and 

FIL 1 Variaton af frequenues wth ratio of two s,&,; s lmpy s ~ p p o l t ~ d  tralie~u!dal lamllatPi 



simply supported boundam condiilons all round respectively, are obtained and compared with the 
earlier published results. Several of the results obta~ned for the skew and trapezoidal iaminates 
are bei~eved to be new. 'The influence of  materul anisotropy on the occurrence of frequency 
crossings and quasl-degeneracies of the modes of these laminates is elucidated (fig I )  Results 
are obtained for laminates made Out of various commonly used composite materials such as 
g~ass-epoxy(GFRP). boron-epoxy (BFRP). organic fibre-epoxy(0FRP) and graphite-epoxy JGrFRP) 
These results have provided a good insight into several significant features concerning the 
influence of geometrical parameters. on the frequencies and nodal patterns of skew and 
trapezoidal laminates. quite aport frorrl the~r  value and utility to a designer as reliable data hitherto 
not available 

32 Buckbng 

Buckling problem of quadrilateral laminates with different edge conditions is solved for direct, 
(i:. iy ) ,  shear (I$,) and cornb~ned stresses, using the formulation of chapter ! In the presence of 
symmetry in geometry, the resulting matrix equatton is divided into two groups corresponding to 
birckling modes which are skew-symmetric and skew-antisymmetric, respectively. The lower of 
the two lowest eigenvalues so obtained from these two sets, corresponds to the critlcal buckling 
load Convergence has been examined in a few typical cases Critical buckling values of the 
laminate configurations are obtained for the laminates with clamped and simply supported 
boundaries all round, as example cases of the general formulation Several significant features 
soiicerning the influence of boundary conditions, geometrical parameters such as skew angle. 
side ratio and fibre orientations in the laminate on the critical buckling coefficient under direct and 
shear loadings, acting individually or In combination, are studied in detail Numerical results 
obtained here are aiso useful in the vibration analysis of such laminates with in-plane load 
conditions 

'bCT 
FIG 2 Metamorphosis of nodal patterns wlth 
increasing value in-plane uniform compression i ur) 
on A cross-ply quardrlateral laminate i Jr i = JI 2 = 0 
and sib - 1/31 



3 3 Dynarnrcs o f  stressed ldnirndtes 

The influence of applied in-plane stresses on the tiynarnic behov~our o l  the lam\nates Is a, 
examined (fig. 2) Free lateral vibration of cainped and siinply supported laminates sublecled 
both direct and shear 1r1-plane forces (positive and nogatlvei X t lng  individually and in combinatl, 
are considered Numerical results are computed for a wide range of  laminate configurations a 
for various combmations of in-plane forces The ef fect  of  in plane forces on the crossings ai 
quasi-degeneracies of frequency curves of  tlle laminate arc? discussed in deta~l With tl 
increasing level of applied in-plane stresses. a reduction of  the frequency parameter values 
observed, leading finally to a zero value at t i le critical bucklirig load These observations conflr 
the results obtained by direct bucking analysis The extensive data obtained is presented in tl 
form of curves, which should be of  considerable value to the designer 

3.4 Panel flutter 

The supersonic panel flutter problem of aerodynamic surfaces made of composlte laminates 
also investigated Panel flutter boundaries of unstressed and stressed quadrilateral laminates a\ 
obraned The solution of the flutter problern is obtained for clamped panels by using approprial 
assumed displacement modes Two-dimensional static approximation is used to represent th 
aerodynamic loadmg The assumed mode flutter analysrs finally reduces to an algebra 
e~genvalue problem The critical dynamic pressure parameter is obtained by the frequenc 
coalescence criterion The effects of f~bre orientation. skew angleand the material of the iaminat 
on the critical dynamic pressure are carefully brought out in this study 
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Variations i n  b o u n d a r y  s h e a r  s t ress  in sand-bed channels subjected t o  seepage 
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I.  Introduction 

Fieldchannels are invariably subjected to seepage across the perimeter of their cross section It IS 

necessary that the effect of seepage on channel flow be understood clearly to consider this 
aspect in the design of  stable channels Earlier experimental Investigations show that the 
boundary resistance of permeable boundaries is higher than that of nonpermeable boundaries. of 
the same rugos!ty'. and suction always decreases the rate of sand transport whereas blowing 
increases thls rate2 Recent studies%onducted with (0 335 m m  sand1 near uniform flow 
conditions showed that, under no transport condition, the boundan/ shear stress (bed shear) 
decreases with suction and increases w ~ t h  Injection compared to the no seepage condition. 
When bed material concentration was maintained constant under transponing condittons, suction 
was found to decrease the bed shear stress and the relative effect of seepage found to be a 
function of the initial f low condition in the channel and the applied suction. 

The present study is an extension to enlarge the available data base under different flow 
conditions and to determine qualitatively and quantitatively relationships describing the effect of 
seepage on channel beds (non-transporting as well as transport~ngl under controlled conditions in 
the laboratory 

2. Experiments 

Uniform crushed quartz of 0.80 and 0.53 m m  sizes were used to form sand beds in the 
Present experimental investigation. The experimental set-up has facilities to apply seepage out of 
the channel (suction) as well as into the channel (inlection) perpendicular to the sand bed in a rigid 
walled flume 

3. Analysis 

The flow in the open channel wi th seepage applied perpendicular to the bed is a spatially varied 
flow Accordingly, spatially varied f low equations were used to analyse the experimental data 
collected in the study for both the sand sizes. Also results are available from a previous stud? on 
0.335 rnm sand based on unifcrm f low analysis To compare the results of this study with the 
Present investigation, the experimental data were analysed using uniform flow equations also 
The effect of seepage was analysed wi th reference to the lnital condition in the channel and the 
late of seepage applied on the bed. 
A Comparison of the average of the ratios of shear stresses with and without seepage. 

computed from spatially varied flow analysis for the 34 sections along the main channel and from 
uniform flow analysis treating the entire channel as a single reach, showed that there IS no 
signlfl~ant change between the two  types of analyses When the bed was below the condition for 
nCWnt motion of bed panicles, the difference was within 5 per cent of the mean value of the 
"ti0 of shear stresses wi th and without seepage, obtained from the spatially varied f low analysis 
The ratios of the bed shear stresses with and without seepage computed from spatlaily varied 
Ilowand uniform flow analyses agreed with each other within 8 per cent (of the value computed 

spatially varied f low analysis] when the bed was under transporting condition 
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4. Results 

4.7. No transport condition 

It was found from the present study that when the bed was below the condition for jncjpien. 
motion of bed particle, seepage out of  the channel (suction) decreases the bed shear stress; 
whereas seepage into the channel (injection) it-m?ases the bed shear stress compared tothebec 
shear stress for the no seepage condition. The relative change in the bed shear stress due tc 
seepage depends on the initial flow condition in the channel and the rate of seepage applied,~he 
initial flow condition in the channel is expressed as the ratio of the bed shear stress under no 
seepage condition to the critical shear stress correspondmg to the bed material used, ( T,/ 7.1 

The ratio of the bed shear stress with and without seepage. ( T,J TO!, is expressed as a function 
of the ratio of the bed shear stress under no seepage condrtion to the critical shear stress 
corresponding to the bed material size, ( 701 T ~ ) ,  and the non-dimensional seepage velocity, 
v o l G ) ,  where vo is the seepage velocity applied and 70 the average value of the initial depth of 
flow in the channel. The size of the bed material is thus accounted for implicitly in the critical bed 
shear stress, T C .  The functional relationship was defined, based on the experimental data for the 
sand sizes tested. The results show that the relative change in bed shear stress decreasesasthe 
flow condition approaches the incipient condition for the movement of bed particles in suction. In 
the case of injection, the relative bed shear stress increases at a decreasing rate as the flow 
condition approaches the incipient condition for the movement of bed particles. When the initial flow 
condition is very close to and below the critical condition for particle movement, the effect of 
seepage in changing the bed shear stress is found to be insignificant. 

4.2. Transporting condition 

When the bed was under transporting condition, it is found that suction causes an increase in the 
bed shear stress when compared to the no seepage condition, as long as the bed material 
concentration is less than a characteristic value termed as the 'critical concentration' in the 
present study. In this range, the relative change in bed shear stress due to suction decreases with 
increaseh the concentration and as the concentration approaches the critical value, the effect of 
suction becomes negligible. 

The boundary shear stress is found to decrease with suction at concentrations higher than the 
critical concentration. The rate of change in the boundan/ shear stress due to suction is low at 
relatively lower values of bed material concentration in this range. The relative change in 
boundary shear stress with suction is found to be a function of initial flow condition and the rateof 
seepage applied. The initial condition is' defined by the inverse ratio of the bed material 
concentration to critical concentration, (XJX). The rate of seepage applied is defined bY 
vol-), where vo is the seepage velocity perpendicular to the bed and 70 the average value of 
the initial depth of flow in the channel. 

The ratlo of the bed shear stress with and without seepage ( r o )  is expressed as a function Of 

XC/X and v o l m ) .  The functional relationships thus developed gwe a quantitative estimate of 

the bed shear stress due to applied rate of suction. 

The critical concentration is characteristic of the sediment and found to be .predominantly a 
function of the partlcle size and therefore of the critical shear stress associated with it. In the 
Present analYslS for the three sizes of sand studied, two functional relationships were developed 
to,estlmate the critical concentrat~on: one, relating to the mean grain size and the other to the 
crltlcal shear stress. 
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Decision-making styles of executives-a s tudy  in Indian manufactur ing organiza- 
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1, Introduction 

Powerful management science techniques based on rational procedures are being developed and 
are on the increase, being more interesting to the practising managers. However, the utility of 
these techniques depends upon their successful implementation in practice. There is growing 
evidence to show that the style of decision-making of executives involved in implementation 
determines to a considerable extent the success or failure of implementation of these 
techniques. 

Based on the mental approach of individuals to decision-making, two kinds of decision styles, 
namely 'analytic' or 'heuristic', were extracted from the many proposed in the literature1-3. A 
decision-maker who perceives through sensation and evaluates through thinking is considered 
analytic and a decision-maker who perceives through intuition and evaluates through feeling is 
considered heuristic. Production decision-makers in organizations employ a variety of methods of 
Perception and evaluation and therefore, the problem lies in classifying them either as analytic 
decision-makers or heuristic decision-makers. Managers tend to possess a mix of the analytic and 
ileuristic approaches depending upon the decision situation. 

The tendency to be analytic or heuristic decision-makers will depend on the following four 
factors: (i) The environment that triggers the decision-making process, (ii) The autonomy of the 
decision-maker, (iii) The impact of the decision, and (iv) The personality of the decisionmaker. 

2. Experimental study and discussion 
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Table 1 
List of vital elements in  analytic and heuristic definitions 

Analytlc tleurist~c 

1 Sequent~al approach 87 39 Moods & feelings 91 69 
2 Numerical value 86.69 Hunches 90 06 
3 Organised approach 86.15 Precedents 87 25 
4 Cr~tical examlnatlon 85.72 VerbalIScenarto 86 69 
5 Quant~tat~ve methods 83 90 Rule of thumb 86 40 
6 Data 82.95 Trial and error 85 10 
7 Alternat~ves 82 81 Central issue 84 85 
8 Check~ng & rechecking 82.09 Judgement 81 84 
9 Root of the cause 81 73 Common sense 80 96 

10 Cr~ter~a 81 42 Value & tradition 80 13 

The Instrument was validated uslng a sample of 50 qualhed executives as respondents and 
standard statistical procedure of correlat~on analys~s of predicted resuits wlth external ind~cators 
The reliability was established uslng the split half-method 

In the flnal study data collected from 150 manufacturing executives in 25 organizations 
through the developed instrument was analysed using inter-correlations and tests of 
significance The results showed that it 1s possible to classify the production executives into 
analviic and heuristic types. Th~s IS the central theme of this study 

Fir:. 1.3 Profile yraph for one's b. Profde graph for subordinates, c. Proflie g i d i ~ h  for 

self. A = 60, H = 90 A = 98. H - 52 A = 126. H = 24 

-. . - - Anaiyt~c, -- Heur~stlc 



IlSc THESES ABSTRACTS 427 

G~~~~ ~rof i les of decision-making styles for analytic and heuristic decision-makers were 
developed for three sltuatlons i.e. decision for (1) One's self. (ti) subordinates, and (111) superiors 
These profiles were drawn for 150 executives using normalized scores of clubbed questions 

indicated malor dimensions of  decision-making (four lor Analyt~c and five for Heuristic as 
shown in fig. 1) These profiles indicate the fact that the Two major decision-making styles exist 
and gave addttional useful inforimation. 

3. Conclusions 

Flndtngs from these analyses show that It is (i) possible to classify productton executives Into 
and heuristic categories of deciston styles. in a given situation, (11) situations do influence 

the style, e.g. deciston for one's self, tends t o  be more heuristic than decision for others. Profiles 
of deciston-makers presented may help In comparing the styles of different groups of executives. 
lhis study has, i t  is believed, for the first time, attempted to undertake a field study of the 
decision-making of productton executives in Indian manufacturing organization. 
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