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Abstract

Optimum structural design of composites is a research subject that has drawn the attention of many researchers for

more than 40 years with a growing interest. In this study, a review of the literature on this subject is presented. The

papers are classified according to the type of the composite structure optimized in those studies, the loading conditions,

the objective function, the structural analysis method, the design variables, the constraints, the failure criteria, and the

search algorithm used by the researchers.
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Introduction

Composite materials are widely used in the industry
because of their superior mechanical, thermal, and
chemical properties, e.g. high stiffness-to-weight and
strength-to-weight ratios, corrosive resistance, low
thermal expansion, vibration damping. As a further
advantage, composite materials offer a great flexibility
in design, allowing change of the material system in
many ways. Configurations of a laminate, i.e. fiber
orientation, ply thickness, material of each ply, stack-
ing sequence, type and volume fraction of reinforce-
ment can be tailored to make a better use of material
or attain a desired property like strength, elastic
modulus, thermal and electrical conductivity, thermal
expansion coefficient. One may thus significantly
decrease the weight of a structure by optimizing the
design of the composite material itself, or increase its
performance using the same amount of material.
However, the traditional approach of designing by
trial and error, which heavily relies on designer’s
experience and intuition, promises little success with
a huge number of design variables. For that reason,
development of optimization methodologies incorpor-
ating structural analysis methods and search algo-
rithms is necessary. Accordingly, optimum design of

composites drew the attention of many
researchers.1–1007

In many of these studies, plain fiber-reinforced lami-
nated composite plates were considered for optimiza-
tion; besides, others types of composite structures were
optimized: Structures reinforced with short or long
fibers,6,70,113,300,545,618,696,899,958 particulate fillers,352,
425,737,821 braided or woven fibers,291,326,336,347,425,530,
531,710,880,884,923,1006 or carbon nanotubes,993 laminates
with layers having variable fiber orientation,149,173,219,
243,247,271,311,325,355,359,446,564,633,709,720,730,732,771,787,796,

797,814,831,877,885,900,906,910,951–954 or variable fiber den-
sity,325,472,900 variable-thickness laminates,5,42,52,87,95,
123,156,160,166,173,200,209,217,219,232,247,276,282,283,318,355,383,

412,413,442,457,470,482,498,540,593,605,647,655,661,683,771,792,845,

851,906,911,913,921,990 laminated plates with holes12,54,68,78,
112,130,131,143,150,160,164,171,232,242,248,281,296,297,298,313,316,
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354,379,380,381,412,413,416,428,450,468,474,477,486,505,519,669,670,

683,696,521,547,574,707,709,710,733,771,774,779,787,800,855,906,909,

911,915,935,936,951,959 or cracks,299,602,604 perforated
plates,503,667,827 composite plates reinforced by shape
memory alloy fibers,307,928 arbitrary-shaped plates,173,
313,447,490,547,611,634,651,683,730,828,846,953,962 hybrid lami-
nates, which have layers made of different materi-
als,21,102,112,137,138,141,152,153,181,182,189,202,210,218,220,230,
256,268,324,326,334,352,374,383,388,423,478,479,491,515,596,616,624,

639,642,660,695,697,711,714,725–727,759,761,791,821–824,833,839,859,

862,882,933,940,946,974,975,981,983,984 armors,189,479,624,695,754,
862,946 laminates containing viscoelastic damping
layers,117,386,569,980 laminates with weak interfaces,844

sandwich plates, which contain a core between two
sheets with high stiffness,9,10,25,47,51,81,82,90,93,94,98,115,
116,120,128,175,176,218,240,267,292,321,372,410,432,452,459,465,482,

496,542,543,546,557,562,578,583,599,606,620,621,628,640,652,657,671,

674,677,688,729,766,829,834,882,888,900,904,907,924,925,944,960,961,

969,970,1004,1007 multi-material composite structures,
which are composed of various materials at different
locations,151,260,348,378,429,463,482,484,499,503,514,548,720,744,
776,786,839,884,886,939,966,968,976,982 stiffened plates,47,73,99,
100,123,171,217,220,248,257,272,296,322,328,353,362,363,375,394,419,

448,496,511,527,537,543,565,566,587,604,605,607,608,621,646,674,691,

693,694,713,742,743,766,775,794,802,832,836,838,867,868,877,896,897,

898,901,905,912,930–932,947,956,970 structures with reinforcing
elements, or patches, bonded on their surfaces,168,492,
553,574,598,779,813,875,876,882,893,916 laminates with uncer-
tainty in geometry, fiber orientation, or material prop-
erties,15,136,151,187,195,197,212,225,228,233,305,308,322,344,347,385,
408,411,501,509,516,520,522,637,685,716,738–740,762,771,802,807,809,

817,843,869,887,895,902,903,911,934,943,955,978,988,989 composite
shell structures,16,57,71,77,146,159,163,169,199,212,236,237,253,
261,293,294,304,305,327,329,361,369,370,373,417,418,437,449,494,498,

506,516,536,550,573,579,593,595,615,627,636,664,675,690,664,720,731,

732,755,764,783,803,810,815,816,819,859,870,872,874,885,891,938,941,

976 variable thickness shells,167,705,706 shells with vari-
able fiber orientation,705,706 shells with a hole,289,361,
449 sandwich shells,167,199,253,544,765,825,884,894 hybrid
shells,390,391,398,745,926,942 stiffened shells,53,92,199,204,213,
236,367,405,476,500,518,520,527,563,616,653,686,728,745,768,769,790,

908 pressure vessels,20,23,44,55,110,209,293,343,391,431,456,483,
491,507,558,588,591,609,628,637,649,734,788,799,865,871,973,983,984,

1000 pipes, tubes, cylinders,30,37,72,119,134,154,172,190,222,237,
244,250,266,301,304,312,331,347,389,390,403,420,426,434,473,501,506,

513,522,525,526,535,570,585,592,636,647,663,685,689,692,736,746,777,

801,808,849,914,929,943,945,997,999,1005 cylinders with
holes,190,332 hybrid cylinders,340,444,500,983,984 sandwich
cylinders,30,88,122,144,330,847,889 stiffened cylinders,7,30,
235–237,404,703,971 sandwich structures having variable
thickness,25,122,127,128,145 composite beams,48,52,76,86,106,
127,146,147,207,258,274,288,294,310,348,360,376,383,406,410,422,423,

433,440,441,481,529,554,568,580,581,622,639,648,726,733,773,839,846,

857,883,913,918,958,968 stiffened beams,848 box-beams,96,105,
148,178,275,326,409,568,841,852,864,918 curved beams,179,339,345,648

variable thickness beams,89,200,227,384,839 sandwich
beams,1,3,15,18,43,62,66,89,97,107,127,145,178,179,205,400,513,601,
603,643,687,698,781,848,977,992 columns,43,856 aircraft wings,8,
12,28,33,36,42,47,111,126,131,143,165,166,186,217,368,439,442,455,487,

623,708,716,741,758,826,835,840,843,880,916 wing boxes,47,104,123,
205,423,451,495,679,811,818,835,861,913 aircraft tail,893 rotating
blades,253,333,625 turbine blades,223,324 wind turbine
blades,346,712,720,965 rotor blades,241,262,279,314,356,436,668,
719,722 propellers,625,676,677,972 shafts,52,87,276,580,581,767,
789 robot arms or manipulators,96,147,148,273,274,308

leaf springs,464,552,641,858 helical springs,530,1006 tennis
rackets,211 flywheels,32,75,124,403,444,510,532,579,746,831,954

wrenches,523 connecting rods,733 links,733 fuselage,222,
453,414,544,657,894 satellite parts,321,820,882 train bodies,
car bodies,717,822,825,884 car wheel,238 motorcycle
frames,882 ship hulls,621 submarine structures,728,860,955

sails,910 silo structures,592,593 dental bridges,991 pin
joints, bolted joints,139,143,208,374,751,770,772,845,890 scarf
joints,760,949,1003 lap joints,63,484,786 snap joints,382

joints for tubular structures,619,759 press fit joints,767

brackets,892,965 grid or lattice structures,309,870 fiber-
reinforced structures with complex shapes,71,395,402,414,
482,551,671,684,773,820,846,964 3D composite structures,180,
662,991 composite structures with embedded circuit
boards,913 shells,750,985–987 plates,290,357,364,407,427,439,445,
466,469,485,524,571,590,613,638,644,694,780,806,822,830,853,854,986

sandwich structures,306,571 or beams 275,320,358,471,480,485,

656,793,812 with piezoelectric actuators or sensors. The
skins of the sandwich structures considered in the
design optimization studies were mostly fiber-rein-
forced polymer in order to obtain high stiffness and
strength, but some were metals15,25,93,330,400,546,583,765,
825,888,992,1004,1007 or plastics,267 while the cores were
cellular like honeycomb and rectangular,30,43,51,81,82,88,
90,115,122,240,321,372,459,465,496,543,544,571,583,578,620,729,781,829,

834,847,848,882,884,888,894,924,925,977,1004 corrugated,175,199,
546,847,848 grid,175,199 tapered hexagonal forms,120

foam,93,107,111,126,176,253,267,292,306,330,452,482,551,562,601,603,
621,628,643,652,657,671,687,698,765,766,825,848,884,900,907,960,961,

969,970,992,1004 metal foam,1007 viscoelastic materials like
rubber,400,944,1004 plastics,606 cork,1004 resin-concrete,766

wood,606,1004 plywood,1004 mineral wool,1004 cera-
mic,557 truss,834,847 or metal box.178,205,674 In most of
the studies, fiber-reinforced polymer–matrix composites
were considered. In some studies, ceramic-matrix,70,253,
377,426,684,816 concrete-matrix,968 or metal-matrix300,331,
341,377,545,882 composites, and functionally graded com-
posites341,737,781,821,872,960,961 were optimized.

The structures considered by the researchers were
under various types of loading conditions. The
researchers optimizing composite plates or shells
usually considered in-plane loads, transverse loads,
and bending and/or twisting moments. In some studies,
some other types of loading were also considered like
axial loading of plates through bolts,143,208,296,374,751,845,
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890 axial loading of joints,484,786 torsional loading,7,23,52,
63,72,119,209,222,389,434,456,525,526,550,627,649,663,849,926 bend-
ing,88,513,570 lateral loading,943,945 axial loading,7,23,30,
88,110,119,134,144,154,172,209,222,235–237,244,266,301,312,330,332,

347,373,389,390,404,434,473,506,507,522,525–527,535,550,616,619,627,

649,663,685,686,692,703,777,808,849,926,929,945,971,999 outer or
inner pressure7,20,23,37,44,55,88,110,119,134,144,159,190,209,235,
236,237,250,266,289,293,312,330–332,340,343,347,391,398,420,431,456,

483,491,501,507,522,525,526,535,558,591,592,609,619,628,636,637,663,

734,736,750,759,788,799,801,847,849,865,871,914,926,971,973,983,984,

1000 on pressure vessels, pipes, or cylinders, torsional
loads,87,275,276,348,409,580,581,767,773,846 transverse loads,
bending moments,1,3,18,48,76,96,105,107,117,127,147,200,227,258,
275,308,310,320,339,345,376,400,406,409,410,422,441,464,481,523,529,

552,554,568,622,643,648,726,732,733,776,781,818,821,839,857,858,913,

918,968 and axial loads43,179,207,409,433,529,554,581,776 on
beams, multiple independent load cases,1,17,35,36,60,64,
92,108,136,157,218,220,247,265,286,309,344,355,360,412,413,442,496,538,

544,586,622,623,717,730,753,797,882,894,913 random loads,136,151,
197,228,233,265,267,347,371,410,525,526,577,610,661,685,716,802,843,

943,955 vibrational excitation or cyclic loads,69,86,97,140,
146,306,334,376,512,618,779,822,894 dynamic loading,89,200,274,
275,638,644,737,806,945,952 impact loading,203,307,533,624,641,
675,725,737,754,791,802,838,884,900,928,937,956 ballistic impact
loading,189,479,624,695,754,802,862,946 blast loading,546,763,
961,993,1007 fluid pressure or contact pressure,131,167,358,
544,593,621,657,684,705,706,733,894,955,972 aerodynamic load-
ing,8,33,36,42,111,126,186,205,217,241,262,279,314,333,346,356,368,
436,439,442,451,455,487,544,565,623,668,672,708,712,716,719,722,741,

795,835,840,880,884,893,913 loads causing plastic deforma-
tion,476 thermal loads,71,80,131,138,253,309,321,341,392,397,426,
443,461,475,477,496,504,508,509,521,527,532,539,556,557,575,584,586,

600,637,642,654,661,665,684,689,701,727,735,736,744,784,795,801,817,

821,859,866,872,882,913,933,939,992,996,997 hygrothermal
loads,91,174,409,539,614,882,952 erosive thermo-fluid load-
ing,352 friction,592,593 centrifugal forces,403,444,532,831,954

weight,96,105,167,367,622,684,882 inertial loads,37,42,75,96,105,
124,241,274,308,324,455,459,510,579,623,625,656,736,746,831,882,954

electrical voltage applied to piezoelectric actuators.290,
306,364,427,445,469,471,480,485,571,638,694,806,822,853,854

The purpose of optimization is to find the best
design for a composite structure according to a
chosen criterion under various constraints imposed by
the requirements of the design. The optimum design
provides either the most efficient and effective use of
material or the best performance. The problem is to
find the design resulting in the minimum value for an
undesired feature or response of the structure or the
maximum value for a desired feature. Accordingly, in
some of the studies, the goal was to minimize laminate
thickness,12,17,35,38,59,60,64,83,84,110,129,136,143,155,157,165,170,
174,188,191,206,211,225,234,253,254,259,265,267,268,282,286,293,315,

317,319,333,343–345,350,351,360,379,380,387,396,408,410,411,415,428,

438,498,501,505,535,539,541,592,595,617,622,627,632,637,640,650,713,

724,739,748,749,753,762,803,807,809,817,833,840,887,895,903,913,915,

917,948,974 weight (other than pure thickness minimiza-
tion of the laminate),1,3,7–10,15,16,18,25,28–30,33,36,41–43,47,51,
53,62,64,66,73,76,81,87,88,90,92,93,95,98,104,107,111,112,120,123,

126–128,131,143–145,151,156,166,171,176,183,192,205,207–209,213,217,

218,220,222,227,238,240,241,248,256,258,261,269,272,276,292,309,321,

322,325,328,355,368,375,377,384,388,390,394,404,405,412–414,422,423,

437,442,447,451–453,455,457,459,464,467–470,476,479,482,487,490,491,

495,497,503,511–513,518,520,529,540,543,544,546,547,552,562,563,565,

566,568,574,578,581,582,593,599,604,605,611,616,619–621,623,628,633,

639,641,648,651,652,655,657,670,671,679,685–688,703,705–707,715,725,

726,728,733,741,743,754,759,761,763,768,769,771,775,790,793,802,808,

811,812,818,825,835,836,839,840,847,848,858,860,861,868,870,871,878,

882,884,894,896,897,901,906,907,911–913,921,922,925,926,931,932,947,

955,956,958,962,969,970,973,981,977,1004 density,291,424,425,923

fiber volume fraction,11 material and/or manufacturing
cost,182,194,230,324,326,388,400,419,453,513,515,564,606,674,725,898,
926,953,974,975 maximum stress or strain,312,398,432,647,991

nonuniformity in stress,37,54,636,760 stress concentra-
tion,63,95,214,242,300,354,426,657,760,774,827,846,951 stress levels
in critical regions,779,916 difference in the strengths of
different regions of a structure,32 stress intensity
factor,299,492 residual stress,300 free edge stresses,185,277,
556 interlaminar normal stress,950 bearing stress in the
joint,890 thermal stresses,253 thermal distortions,321,341,
596,642 thermal conductivity,654 thermal expansion,378

strain energy,44,416,596,720,923 variation of strain energy
around a hole,289 the extent of plastic zone,476 dynamic
deflection response,89,146,148,290,306,307,445,575,576,615,644,
656,664,722,822,928,952,985–987 dynamic loads,668 natural fre-
quency,952 permanent deflection or depth of penetra-
tion due to impact,624,937 impact induced
delamination damage,900 fatigue damage,512 post buck-
ling delamination damage,832 variation in the response
of laminates due to uncertainty in fiber angles,516 var-
iation in resultant stiffness properties due to uncertainty
in the properties of constituent materials,988 maximum
deflection,49,146,240,306,351,362,542,614,694,696,875,893,937 twist
angle,625,719 shear–normal stress coupling,667 acoustic
transmission,585,698,829,834,889 the difference between
the mechanical responses of structures with or without
hole,332 the difference between the current and target
reliabilities347 or natural frequencies,100,957 the differ-
ence between the calculated and measured displace-
ments,704 the difference between the target and
calculated deformed shapes or deflections,383,469,571,793,
853,854,966 the difference between the target and calcu-
lated curvatures induced by residual stresses,584 or the
difference between current and target values of material
properties like elastic modulus, Poisson’s ratio, stiffness
components, thermal conductivity, density, thermal
expansion coefficient.56,195,300,336,385,424,425,431,462,465,493,
531,545,757,805,852,939,982,1002 In some other studies, the
objective was to maximize the static strength of com-
posite laminates for a given thickness or weight,4,6,20–23,
45,46,48,55,58,68,71,78,79,91,101,109,121,130,150,184,197,198,223,252,
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295,297,298,313,335,338,342,365,374,402,456,458,475,481,488,499,501,

513,519,534,538,548,549,558,570,598,609,612,629,649,669,683,684,696,

697,707,709,756,757,767,772,781,798,801,821,841–843,851,865,877,923,

934,953,964,965,978 or for a given volume,5 or to maximize
specific strength,115 strength-to-weight ratio,114,115,184,
601,643 buckling strength,2,21,22,26,27,39,40,57,74,77,102,118,
119,133,134,137,141,154,158–160,163,172,175,179,187,188,190,198,199,

202,204,210,215,216,224,226,229,235–237,239,246,248–250,255,264,266,

268,271,278,281,294,301,304,318,327,337,340,342,353,366,370,372,373,

380,385,389,391,406,420,434,443,450,461,473,474,477,494,495,497,506–

509,521,525–527,541,547,550,555,559,573,575,577,587,591,608,610,613,

617,626,631,640,646,653,661,663,678,680,681,690,691,700,702,706,718,

721,727,735,738,740,755,794,837,844,849,856,857,863,865,867,869,881,

891,901,904,908,909,914,918,929,930,936,967,971,976,990,994,1001 post
buckling strength,587 interlaminar strength,659,785,792,960

delamination strength,583,589 fiber–matrix interface
strength,221 fracture toughness,602,635 fracture
energy,70 strength of joints,139,382,484,751,767,786,845,949,
1003 burst pressure of pressure vessels,209,799 internal-
volume-to-weight ratio of pressure vessels,1000 creep
rupture strength,331 compressive stress in the ceramic
core,557 stiffness,48,67,72,79,80,85,86,102,132,147,149,161,164,169,
173,177,180,184,192,193,195,219,228,229,232,247,257,270,274,282,284,

296,300,311,348,349,351,359,367,395,397,401,402,410,421,429,431,446,

463,472,477,483,486,489,502,513,521,523,528,541,551,553,554,567,634,

658,666,677,680,683,699,716,720,730,732,733,737,747,748,750,756,757,

764,766,770,773,776,781,796,797,800,810,813,820,846,883,888,900,902,

910,925,941,953,1001 stiffness-to-weight ratio,184 residual
stiffness after microstructural fracture,927 impact resis-
tance,203 blast resistance,961,993 minimum penetrating
ballistic velocity,189,695,754,862,946 energy absorption
capacity,45,132,244,339,777,838,873,961,989 strain energy den-
sity,968 energy storage capacity of flywheels,75,124,403,
444,510,532,579,746,831,954 damping,86,96,97,105,106,113,117,148,
168,251,285,288,320,334,376,386,407,514,569,638,722,766,806,944 fati-
gue strength,69,779 fatigue life,772 buckling tempera-
ture,138,392,461,504,933,996,997 thermal conductivity,654

thermal expansion along a specific direction,378 heat
insulation capacity,352 cooling rate,744 sound
transmission loss,603 flutter speed limit,672,708,758,835,880

aerodynamic performance,126,186,253,279,314,436,555,795

bending-twisting or extension-twisting coupling,409,784

curvature induced during manufacturing,711 effective-
ness of propellers,625,676,677,972 natural frequency,31,49,
52,57,59,61,99,102,103,125,153,169,181,224,243,245,263,273,285,293,294,

302,316,329,350,361,369,379–381,393,399,417,418,428,440,449,460,467,

469,477,500,505,515,517,521,524,536,572,590,597,630,693,720,723,729,

731,742,750,780,782,783,787,789,804,814,819,823,850,851,855,879,885,

893,895,899,904,935,938,957,959,995,998,1001 separation of nat-
ural frequencies,61,153,181,460,515,787,823,851,855,957 perfor-
mance characteristics of structures with piezoelectric
actuators or sensors,357,358,364,427,466,480,485,524,780 or
reliability.233,371,509,522,762,809,816,887,903 Besides, multi-
objective optimization problems were considered in
some studies where the objective was to minimize cost

and weight,363,537,607,697,714,725,727,745,905,919,926,941,979,981,
983,984 cost, weight, and thickness,791,859,920 cost and
manufacturing time,419 cost and compliance,662 weight
and deflection/deformation,82,387,650,882,941 weight and
dynamic deflection response,945 weight and strain
energy,942 weight and peak hoop stress,872 weight and
resin infiltration time,448 thickness and strain energy,283

thickness and change in the strain energy,108 maximum
displacement and mold filling time,682 maximum deflec-
tion and maximum stress,346 deflection, rotation, and
natural frequency,600 dynamic deflection response and
control force,561 the difference between the current and
target reliabilities and the sensitivity of the structure to
uncertainties in loading and material properties943 or to
maximize static strength and buckling strength,196

buckling strength and stiffness,196, 303, 645

buckling strength and postbuckling stiffness,231 buck-
ling strength, static strength, and stiffness,441 buckling
strength, critical temperature rise, and failure load,600

crippling, buckling, and post-buckling strength,433

buckling strength and fundamental frequency,50,560,594,
874,999 natural frequency and stiffness,50 thermal con-
ductivity and stiffness,828 thermal conductivity and
bulk modulus,886 stiffness and damping,980 internal-
volume-to-weight ratio and allowable internal pressure
of pressure vessels.588 In some other studies of multi-
objective optimization, static strength was maximized
and weight or thickness was minimized,305,465,586,788,872

static strength was maximized and vibration, weight,
and deflection were minimized,712 static strength and
buckling strength were maximized and deflection was
minimized,310 buckling strength was maximized and
dynamic response was minimized,201,665,815 buckling
strength was maximized and postbuckling dynamic
response was minimized,701,752 buckling strength and
fundamental frequency were maximized and deflection
was minimized,142 buckling strength was maximized
and thickness was minimized,454,692,963 delamination
strength was maximized, at the same time weight and
spring-back were minimized,892 critical shear load was
maximized and thermal stresses were minimized,866

energy absorption capacity was maximized and weight
was minimized,675 fundamental frequency was maxi-
mized, at the same time thermal distortions, maximum
stress, maximum displacement, and weight were mini-
mized,496 fundamental frequency was maximized and
weight was minimized,580, 882 fundamental frequency
was maximized and thermal stresses were minimized,689

fundamental frequency was maximized and dynamic
response was minimized with minimum use of control
energy,140,152,275 dynamic response was minimized with
minimum use of control energy,1005 the difference
between the realized stiffness and target stiffness was
minimized and torsion–bending coupling was maxi-
mized,864 weight or thickness was minimized and
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stiffness was maximized,212,330,530,535,648,660,736,765,1006

cost was minimized and beam length was maximized,992

cost and/or weight were minimized and stiffness was
maximized,478,660 cost was minimized and fundamental
natural frequency or separation between natural fre-
quencies was maximized,824 damping and stiffness
were maximized and weight was minimized,308,533,618

damping and stiffness were maximized, at the same
time twist and acceleration were minimized,439 damping
was maximized and weight and/or cost was mini-
mized,200,944 thermal expansion coefficient was mini-
mized and stiffness was maximized,162 axial stiffness
and hoop stiffness of pressure vessels were maximized
and weight was minimized,788 burst pressure and inter-
nal volume of a pressure vessel were maximized, at the
same time its weight was minimized,55,734 effectiveness
of piezoelectric actuators was maximized and mass of
piezoelectric material was minimized,471 sound trans-
mission loss and stiffness were maximized, at the
same time cost and stress were minimized.116

In composite optimization studies, usually the mate-
rial system or dimensions (size) were optimized. In
some studies, shape55,72,183,190,200,241,242,289,313,354,383,
547,588,619,668–670,675,683,707,733,742,779,800,810,829,855,875,916,

1000,1003 or topology149,219,243,247,291,325,348,358,378,427,446,
447,463,466,472,490,503,514,528,547,582,596,607,651,688,730,732,744,

774,776,806,826,828,846,860,882,886,888,894,925,939,966,968,976,982 of
the structure was optimized. In a few studies, concur-
rent optimization was performed, in which the design of
the part as well as its manufacturing process were opti-
mized.419,448,682

The structural response of a composite part under
loading should be correctly modeled to ensure that the
optimum design will actually show the expected perfor-
mance. Researchers used various theories and methods
to analyze composite structures. As an analytical
method, many used the classical laminated plate
theory, besides, some of them used von Karman plate
theory,795 3D laminated media analysis,534 the zig-zag
plate theory,640,960,900,961 shear deformation theories,61,
193,240,304,342,351,372,373,380,404,418,420,432,439,458,470,471,504,

516,521,533,541,572,575,576,577,590,591,615,656,664,665,685,701,750,

752,815,819,904,928,934–936,945,1005 Flügge shell theory,23,573,
663,849 beam theories,1,3,76,87,111,345,406,423,433,441,481,529,
552,554,621,858 or other analytical methods.5–7,9,18,20,21,25,
30,37,43,44,70,72,75,82,86,90,92,95,97,98,104,107,110,111,115,124,144,

145,170,176,178,185,187,189,202,214,223,231,235,258,267,273,276,306,

307,330,331,334,336,341,352,375,384,386,400,403,405,409,444,448,479,

502,513,530,532,537,546,569,589,601,603,618,621,687,695,703,746,754,

758,761,765,767,785,811,821,834,847,848,852,862,864,870,874,946,977,

993,1003,1004,1006,1007 As a numerical method, many
researchers used finite element analysis; others used
Rayleigh–Ritz method,22,44,53,59,67,77,79,80,125,161,163,172,
186,196,229,246,263,264,270,290,302,310,393,405,421,459,460,580,581,

584,594,620,681,711,714,783,803,833,877,879,897,907,969,990

minimum potential energy principle,213,657 other energy
methods,845 boundary element method,221,585,733,800,889

finite strip method,215,454,755 finite difference method,15,
383 Galerkin’s method,59,246 hybrid numerical meth-
ods.902 The macro material properties of composite
material can be obtained from constituent material
properties using micromechanics.76,91,106,113,274,291,307,
311,341,400,424,425,545,618,654,696,886,917,927,953,982,988 The
optimization algorithm may be coupled with a response
surface,71,292,382,396,414,423,495,559,602,604,605,616,624,625,635,
637,645,646,672,675,677,679,685,686,690,691,705,706,708,722,743,755,

769,794,817,839,849,867,868,882,891,895,924,925,928,930–932,950,971,

978 Kriging,839,927,988 radial basis function,839 polyno-
mial based approximation,927,988 artificial neural net-
work models317,566,743,815,879,902,927 to calculate an
approximate value of the objective function with a
less computational burden.

In order to optimize a composite structure, some of
its features affecting the objective function are allowed
to be changed. The parameters defining these features
are called design variables. In most of the studies, the
researchers used fiber orientation angle and layer or
laminate thickness as design variables. These can be
either continuous or discrete. Besides other types of
design variables were used like lamination para-
meters,56,77,109,110,125,142,154,158,219,228–230,245–247,263,264,
270,278,302,359,446,462,493,521,531,559,572,573,614,645,646,663,672,

678,679,691,699,708,729,757,794,796,810,814,836,837,840,849,851,867,

868,896–898,930–932,948,957,962,1001,1002 material of the
layers,64,117,124,218,324,374,376,379,388,390,428,467,468,478,491,
500,528,551,606,628,655,660,668,697,711,725,726,766,791,808,818,882,

884,907,981,1004 type of reinforcement,300,377,424,425 mate-
rial of matrix and/or fiber,194,377,424,425,431,545,876,923

material properties of constituent materials like elastic
modulus, Poisson’s ratio, density,113,945,966 parameters
defining the distribution of material properties,900,960,
961 volume fraction of particulate fillers,352,737 fiber
volume fraction,6,7,11,13,14,16,44,69,76,91,105,106,113,127,146,
148,177,200,239,240,274,308,310,336,377,424–426,431,441,486,502,533,

545,618,654,788,816,882,922,945,958,981 nano-tube volume frac-
tion,993 distribution of volume fraction of fibers or one
of the constituent materials,48,341,459,503,642,696,744,773,846,
872,888,900,960 fiber shape and/or size,113,300,545,618,654,830,
923,927,988 fiber prestress,556,557,636 fiber prestressing
forces,312 interference between concentric cylinders,403

fiber orientation, fiber volume fraction, layer or lami-
nate thickness, material, or density in each finite ele-
ment,122,123,149,156,173,177,219,227,243,247,260,271,359,378,427,
446,463,472,490,514,553,596,662,683,732,787,789,855,886,910,939,951,

952,968,982 or segment of the structure,8,33,36,42,71,131,143,
160,180,261,355,384,442,464,469,487,544,611,623,720,771,776,825,826,

828,876,882,913 presence or nonpresence of material in a
finite element,313,354,378,447,547,651,688,732,774,806 para-
meters defining the curvilinear paths of continuously
placed fibers,311,709,751,770,796,831,877,885,900,953,954,960,961
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core density,32,62,107,116,603,643,652,825,848,1007 modulus of
core,992 or core thickness,18,25,32,43,51,62,66,81,88–90,93,107,
115,116,122,144,145,218,292,330,452,578,583,603,606,620,621,652,687,

765,808,825,882,889,907,969,970,977,992,1004,1007 of sandwich
plates, dimensions of the cells or repeated formations
in the core,81,90,120,122,546,583,620,847 parameters defining
the shapes of the cells in the core,829 thickness, volume,
or weight ratio of skin and core layers of sandwich
structures,9,82,176,513,515,432,601,781,977 stiffness ratio or
thickness ratio of inner and total thickness of hybrid
laminates,21,141,152,181,182,202,478,824 the ratio of lamina
thickness to total thickness of plain laminates,2,15,101,
104,149,163,177,189,195,201,210,228,273,278,385,570,579,493,705,706,

787 stiffness components or stiffness properties like elas-
tic modulus,1,3,15,32,37,54,113,187,214,221,402,431,628,698,704,722,
816 delamination length,635 geometric parameters,18,32,
47,55,63,75,87,104,111,124,126,139,178,207,208,220,241,244,258,275,276,

309,339,346,356,374,375,378,379,382,394,400,414,420,422,423,428,433,

436,437,444,453,464,468,496,517,529,530,533,544,552,562,564,579,582,

593,602,609,623,635,639,641,657,668,671,674,675,689,704,712,730,732,

734,759,764,766,767,775–777,798,810,811,834,847,848,851,852,856–858,

864,870,871,880,882,890,892,894,901,905,909,924,925,958,973,992,1006,

1007 parameters defining the shape of a beam,383,733 a
plate,733 a hole,130,150,183,190,232,242,289,313,332,416,547,574,
669,670,707,774,855 or a reinforcement around a hole,332

parameters defining the shape of a fillet,547 a cross-sec-
tion,72 a pipe joint,619 a scarf joint,1003 or the ends of a
pressure vessel,55,588,1000 parameters defining thickness
distribution,5,18,25,52,75,95,167,209,217,232,282,283,318,368,470,
481,482,647,661,803 parameters defining weaving pattern of
fibers,291,923 density distribution,243,348,429,730,797 density
or mass per unit length,722 spacing, configuration, loca-
tion, geometry, and/or number of stiffeners,7,30,47,53,92,
99,100,123,171,213,222,235,248,257,272,296,322,328,353,362,363,367,368,

394,404,405,419,448,476,488,511,518,520,537,543,565,566,587,605,607,

616,621,653,686,693,703,728,742,743,766,768,769,790,860,868,882,

896–898,901,912,931,932,942,947,956,970,971 positions of sup-
ports393,410 and loads,410 position of mounted
objects,368,882 position and/or orientation of holes,800

position and mass of balancing objects,668 clamping
pressure of bolts,374 location, modulus, and size of
bolts,845 scarf or lap joint angle,63,760,1003 location of
composite patches, orientation of the fibers in the
patches, number of patches, thickness, size and/or
shape of patches, or patch material,168,492,598,813,779,875,
882,893,916 angular speed of flywheels,579 volume frac-
tion, the orientation and/or the through-thickness loca-
tion of the shape memory alloy wires,307,928 the ratio of
the perforated area to the total surface area of viscoe-
lastic damping layers,980 thermal expansion coeffi-
cient,816 location of piezoelectric actuators or sensors
on a plate,275,290,320,364,407,439,445,471,480,485,524,613,638,644,
656,750,780,822,853,854,985,987 embedding location of piezo-
electric patches within the layers of composite plate,822

spacing between piezoelectric actuators,306 thickness or

size of piezoelectric actuators,306,471,485,793 orientation
of piezoelectric patches,571,822 electrical voltages
applied to piezoelectric actuators,469,471,480,644,656,793,
822,853,854,986 shape, volume fraction, and/or spatial
arrangement of piezoelectric rods.357,358,466

During an optimization process, the structural
design may substantially be modified such that the
resulting structure can no longer meet the requirements
on its performance. In order to avoid unacceptable
configurations, constraints are imposed on the design
variables during an optimization process; e.g. a
minimum stiffness is ensured by imposing an upper
limit for deflections,1,3,12,18,25,28,34,38,42,47,49,59,84,122,123,
127–129,131,143,145,146,156,165,200,222,225,227,238,240,256,258,261,

265,269,272,282,283,293,315,344,351,360,403,410,412,413,419,422,423,

437,469,470,476,498,500,503,520,530,552,563,565,568,583,592,595,607,

615,620,632,640,641,674,665,724,726,741,745,761,765,771,793,802,812,

848,858,860,861,876,884,911,913,915,923,944,965,970,977,992,1004

twist angle,217,741,913 curvatures,324,588 laminate strain
components, "xx, "yy, or �xx,

192,226,404,491,495,637,717,727,

761,836,859,897,912,922,981 strain energy,820,876,953 or a
lower limit on extensional stiffness terms, Aij,

17,35,113,

198,317,543,554,589 transverse shear stiffness,113,925 tor-
sional and/or bending stiffness,62,71,81,93,96,105,106,176,178,
230,274,292,554,747,825 axial stiffness,566,947 prebuckling
and/or postbuckling stiffness,686 elastic moduli,86,95,110,
117,162,291,377,378,386,408,424,431,514,545,747,1002 stiffness coef-
ficients,427 bulk modulus,378 or natural frequency.603

While minimizing thickness, weight, or cost of the struc-
ture, its strength may become too low to offer resistance
to the applied loads. In such a case, a static failure cri-
terion is used to determine the load carrying capability
of the structural configuration. While maximizing stiff-
ness, buckling strength, damping, natural frequency,
etc. by modifying fiber orientations, material or thick-
ness distribution, a static failure theory may be used2,5,
44,75,160,176,198,219,226,228,244,247,255,266,291,321,339,353,386,439,

508,580,581,621,631,719,822,831,937,951,960,961 to guard against
static failure. During weight minimization of pressure
vessels, a lower limit may be imposed on the burst pres-
sure.973 Similarly, structural performance constraints
are applied, if other failure modes are likely to be critical
such as local or global buckling,7,30,35,42,43,47,51,53,84,87,88,
90,92,104,107,108,122,123,144,150,165,166,171,178,188,198,207,208,213,

222,244,248,249,254,258,265,267,268,276,277,286,321,328,344,363,375,

388,390,400,404,405,415,423,437,448,495,497,511,516,518,520,530,537,

546,562–566,568,578,580,581,599,605,606,616,621,627,628,639,640,652,

655,672,674,679,686,703,705,706,726–728,739,743,745,752,765,769,775,

795,807,808,811,836,847,859,860,861,868,870,882,884,894,896–898,901,

905,911,912,926,931,932,942,945,947,948,956,962,970,974,975,983,984,

1006 post-buckling strength566,790 or stiffness degrada-
tion,947 micro-buckling,687 crippling,537 wrinkling,107,
459,578,599,652,687,992 dimpling or indentation,459,578,599,
687 impact damage,675,725,956 delamination,191,481,725,892

fracture,73,604 fatigue damage,512 matrix damage,725
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fiber damage,556,557 or resonance.16,41,49,59,61,65,66,87,99,
100,127–129,146,165,182,186,192,200,241,253,256,274,276,288,292,293,

308,314,315,321,333,356,368,379,384,409,428,467,468,482,500,505,515,

530,568,581,623,640,652,668,698,719,726,727,771,757,763,793,803,816,

829,833,882,884,889,895,911,958,970,983,984,1002 In maximizing
strength, stiffness, natural frequency, reliability, or
some other feature, an upper bound may be set for
thickness,86,133,284,640,762,862,903,923,946 weight,99,100,137,
141,149,181,321,367,429,513,580,643,720,732,748,733,813,829,834,855,

862,875,890,976,944,946 cost,149,164,177,463,513,813,876 area,742,
774 or volume.5,52,232,370,517,587,669,706,707,856,925 In maxi-
mizing energy absorption capacity, a lower limit may be
imposed on strain difference between successive failure
modes.873 Constraints may also be imposed to ensure
attaining a desired property or response; e.g. specific
limits may be set for the values of Poisson’s ratio,431,
757 density,194,431,977 thermal expansion coefficient,408,
424,425 thermal conductivity,377,424–426 dynamic
response,148 damping,86,129,148,256,292,400 sound trans-
mission loss,1004 coefficient of moisture expansion,408

maximum temperature,352,872 reliability target,136,151,
305,411,501,520,685,762,809,887,903,955 stiffness,86,194,982 center
of mass,241 twist angle of a wing,36,42,166 aerodynamic
stability features like flutter, flapping,33,59,192,279,314,333,
351,436,442,451,455,485,487,605,623,625,668,714,741,840,861,880,892 or
aerodynamic performance parameters.111,241 Special
constraints are sometimes imposed on bending stiffness
terms to avoid excessive error arising due to negligence
of bending-twisting coupling.268,303,388,559,606,645,646,738,
739,807,808,940 The number of contiguous plies with the
same fiber orientation may be limited to prevent
matrix damage propagation and thus avoid large
matrix cracks.198,226,248,249,254,255,286,328,335,430,473,477,494,
495,508,555,559,600,612,620,645,646,659,678,679,692,716,727,731,794,

795,836,842,843,852,859,861,867,868,881,883,896–898,912,926,930,932,

941,963,974,983,984 An upper bound may be set to the dif-
ference between fiber angles of adjacent plies to reduce
edge delaminations.335,473,692,842,883,963,983,984 A mini-
mum number of plies may be required for each chosen
direction to avoid domination of matrix properties in
one of these directions.883 Manufacturing constraints
may be imposed.71,205,363,412,413,419,423,441,448,453,540,543,
632,724,734,738,775,818,822,836,865,882,885,897,912,922,981,990 To
facilitate fabrication of the structure, continuity of
fiber orientations between different panels or subdo-
mains599,611,655,797,811,861,884,921,962 may be enforced.
Upper and lower limits may be set for fiber volume
fraction,44,48,69,76,91,105,106,113,148,149,177,200,240,274,290,307,
308,336,341,426,431,528,545,618,654,696,927,968,993 particulate
volume fraction,737 volume fraction of a constituent
material.514,982 As in most of the studies, the laminate
may be required to be symmetric to avoid bending-
extension coupling. In some of the studies,49,50,61,84,91,
132,137,138,141,153,165,181,182,193,215,216,224,297,352,450,500,584,

614,654,657,711,784,805,806,811,821,826,849,882,1005

unsymmetrical laminates were considered. In many of
the studies, laminates are prescribed to be balanced to
prevent shear–extension coupling. The optimized com-
posite structure may be required be isotropic.886 Other
than behavioral constraints, side constraints may be
applied; e.g. design space may be restricted to positive
values of thickness and cross-sectional area50,51,529; as
side constraints, upper and lower limits may be set for
lamina or laminate thickness8,18,25,36,47,50,51,53,59,61,69,74,
82,84,86,92,96–100,102,105,106,108,109,120,122,123,136,140,141,144,147,

157,162,181,182,192,200,202,206,217,230,231,238,240,267,274,283,285,

288,292,299,305,308,318,326,330,334,340,345,359,368,411,422,426,432,

452,485,506,507,535,544,567,578,595,601,603,621,628,634,637,660,671,

685,698,711,714,735,743,748,754,761,801–803,809,826,839,884,887,914,

969,1005 area or volume,96,99,100,105,190,242,243,332,416,596,598,
661,683,779,806,828,886,916,924,939,954 dimensions, or geo-
metric parameters,7,42,47,55,113,120,124,168,178,208,213,241,274,
332,353,379,382,383,419,422,423,428,448,464,511,537,544,546,552,563,

579,580,583,602,605,647,671,674,743,745,746,765,848,852,858,860,864,

868,870,882,890,894,932,942,958,1000,1006 weight,306,348,388,478,
603,606,698,789,822,876,893,974,975 mass inertia,668 density,514

cost,388,478 control force, power, or voltage on piezoelec-
tric materials.201,439,471,480,561,576,638,793,985–987

In order to check whether a configuration generated
by optimization algorithm for the composite structure
will result in satisfactory performance, one should use a
reliable failure criterion. As intralaminar static failure
criterion, the researchers used Tsai-Wu,64,68,78,83,109,110,
128,130,155,174,197,205,209,211,217,218,223,233,234,244,252,261,266,

269,276,277,309,319,321,326,339,342,355,360,365,371,387,394,398,403,

411–414,439,444,447,451,452,456,477,483,484,489,490,510,511,519,522,

529,532,535,539,558,567,574,581,582,588,591,595,623,627–629,632,641,

649–651,688,709,724,734,746,748,749,756,762,771,788,799,802,809,831,

838,841,865,871,873,877,878,884,887,903,911,913,917,919,920,923,926,

930,931,934,941,943,953,964,965,973–975,979,983,984,989,1000,1006

Tsai-Hill,4,12,23,44,48,55,59,73,88,91,98,111,122,127,130,131,143,147,
166,170,183,196,227,252,258,259,293,295,310,313,315,319,347,354,396,

423,441,457,458,475,482,483,488,498,499,511,530,538,540,549,555,566,

568,586,587,599,622,629,633,648,669–671,693,697,707,715,743,748,753,

756,769,774,816,842,843,861,894,906,907,921,923,944,969,978 Azzi-
Tsai,22,47 Hoffman,139,206,319,345,351,368,380,482,483,485,524,
541,598,613,750,835,927 Hashin,297,298,961,963 maximum
stress criterion,2,8,32,38,51,53,75,76,92,124,139,156,223,225,260,
272,319,343,420,437,459,491,511,556,557,565,568,592,593,605,609,612,

659,684,703,713,719,746,831,838,857,878,898,917,919,920,974,975,979

maximum strain criterion,17,30,33,35,87,104,108,114,121,126,
157,160,170,171,198,208,219,220,222,226,228,247,248,249,254,255,286,

317,322,324,373,375,408,483,508,511,534,543,544,578,600,601,631,637,

728,736,757,775,811,817,818,831,835,839,859,860,881,884,905,945,947,

948,955,974 Hill criterion,21,579 quadratic failure criter-
ion,60 failure mode concept,584 stress interaction criter-
ion,511 C2 criterion,150 Ye criterion,964 Puck failure
criterion,882,974,975 Chang-Chang failure criterion,937

Cheng and Lessard criterion,299,475 Yamada failure cri-
terion,143 maximum distortion energy theory,9,15,47,58,
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200,242,267,291,330,542,674,759,763,765,767,827,847,894,951 Huber–
Mises criterion,563,745,942,954 Treska,5 maximum
normal stress theory,761,970 critical failure volume
method,949 point stress criterion,112,183,519 where failure
criterion is checked at a specific distance for a notch,
multiscale stress criteria,773,846 fracture mechanics,73,299,
338 continuum damage mechanics,501 energy based fail-
ure criteria,438 failure-mechanism based failure cri-
teria,917,919,920,979 failure criteria for bolted joints,845

for delamination,178,481,659,725,791,832,900,961 transverse
cracking,299,475 matrix cracking,725,791 or core failure
of sandwich structures.82,90,107,145,321,546,601,628,687,847,
960,961,970,992 Most of the researchers used first-ply fail-
ure approach; some of them used progressive-ply-fail-
ure approach.297,298,305,339,489,534,873,937,960,961,968,989

Although composite materials offer great flexibility
in product design with a large number of design vari-
ables, this feature also leads to an immense number of
locally optimum designs. Finding globally optimum
designs for composite structures is a difficult problem
requiring sophisticated optimization procedures. A
downhill proceeding algorithm monotonically decreas-
ing the value of an objective function may get stuck into
a locally optimal design other than the globally optimal
one. For this reason, some researchers preferred global
search algorithms like genetic algorithms,184,226,248,249,
254,255,260,286,288,291,296,313,315,321,324,328,329,339,362,373,379,

395,398,402,404,405,415,421,424,428,430,443,445,448,457,458,465,467,

468,473,477,494,495,497,499–501,504,505,508,511,518,520,526,537,547–

549,552,555,558,563,566,578,582,584,591,595,599,600,611,612,616,620,

621,625,627,628,632,639,640,642,645,649,650,655,658,659,660,675–679,

682,690,692,696,697,703,709,711–713,718,719,722,724–726,731,741,743,

745,751,754,757,758,768–770,779,785,788,791,792,795,799,806,810,813,

815,818,819,822–824,826,827,832,836,837,839,840,842,843,845,850–852,

861,863–865,871–875,879,882–884,893–899,901,902,904,907,908,912,916,

917,921–923,931,932,937,941,942,944,945,947,952–954,956,962,963,966,

967,969,972,974,975,981,985,986,987,989,992,1000,1004,1006 scatter
search,727,983 simulated annealing algorithm,275,317,377,
425,439,524,580,581,590,597,613,640,644,700,704,746,780,858,859,878,

926,984 discrete material optimization,976 improving hit-
and-run,157,322,543,554 branch-and-bound,127,188,198,319,
335,384,452,541,559,672,691,708,716,794,849,867,868,930 ant-colony
optimization,747,881,940 particle swarm optimization,674,
809,841,864,868,887,920,948,950,979,1002 tabu search,631,926,938,
984 artificial immune system,315,919,973 cellular auto-
mata,639,730,797 evolutionary algorithms,354,408,490,762,
774,853,854 discrete material optimization,732 convex sub-
space single linkage method,553,927 mode-pursuing sam-
pling method,929 random search methods.67,218,292,686

On the other hand, if the number of design variables
is low, thus relatively few local minima exist, or an
improvement is desired in the current design, or lami-
nation parameters are used as design variables, then use
of deterministic local search algorithms may be a viable

approach or use of other methods like analytical meth-
ods,1,3–5,9,11,13,14,19,20,37,38,43,62,70,72,75,87,95,102–104,107,110,
112,115,118,124,125,132,164,176,182,185,189,197,219,227,247,267,270,

306,312,331,340,345,406,440,479,481,491,503,517,561,562,575,576,592,

593,629,634,664,666,695,701,752,781,803,857,870,977,1001,1003 enu-
meration (trial of all possible designs),26,27,175,179,191,
199,203,204,236,237,346,376,460,483,515,519,530,550,594,610,617,646,

717,756,772,777,798,830,876 design of experiments,382,602,635,
978 heuristic or parametric studies,8,63,90,109,114,117,139,
144,170,187,194,207,214,231,239,258,259,300,307,343,374,390,418,433,

453,464,482,484,488,492,534,551,569,609,615,626,645,653,657,665,673,

684,687,706,710,759,760,764,766,767,786,801,821,838,866,880,890,915,

991,1007 physical programming,471 or graphic based
methods.2,4,6,21,46,56,58,60,62,68,69,102,109,121,137,141,152,153,
162,168,172,181,182,195,201,202,229–231,233,235,263,264,273,302,352,

385,422,502,516,545,570,608,654,694,801,842,862 Optimization
with a local search may show a better promise if a
multi-start optimization approach is adopted, i.e. opti-
mization process is repeated each time starting from
randomly chosen configurations.79,88,119,134,161,186,193,
216,224,241,251,284,285,301,319,411,462,475,493,523,531,589,661,761,

793,877,892,936,967 If lamination parameters are used as
optimization variables, the problem becomes convex,
i.e. a single local optimum point exists. In that case,
using any local search algorithm becomes a feasible
approach in locating the global optimum. Some
researchers67,127,275,384,439,501,628,639,644,741,754,787,859,882,
894,926,938,976,984,993 used hybrid methods, in which two
or more search algorithms are used together to combine
their superior features. In many of the topological opti-
mization studies, homogenization method243,358,378,427,
466,472,514,528,776,806,828,846,886,888,925,939,966,982 is used. In
some of the studies, researchers used search algorithms
specifically developed for composites optimization like
layerwise optimization,206,447,490,586,630,681,688,723,783,837,
895 in which each layer is one-by-one sequentially opti-
mized. In some of the studies,192,261,269,293,429,452,495,501,
563,753,775,868,871,894,912,948 multilevel approach is adopted
in which one objective function is extremized after
another or the same objective function is extremized
using different design variables at different stages.
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655. Adams DB, Watson LT, Gürdal Z, et al. Genetic algo-

rithm optimization and blending of composite laminates

by locally reducing laminate thickness. Adv Eng Softw
2004; 35: 35–43.

656. Chandiramani NK, Librescu LI, Saxena V, et al.
Optimal vibration control of a rotating composite

beam with distributed piezoelectric sensing and actu-
ation. Smart Mater Struct 2004; 13: 433–442.

657. Chen Z and Vinson JR. Analysis and optimization of a

pressurized mid-plane asymmetric noncircular sandwich
fuselage. J Compos Mater 2004; 38(8): 699–708.

658. Ching-Chieh L and Ya-Jung L. Stacking sequence opti-

mization of laminated composite structures using gen-
etic algorithm with local improvement. Compos Struct
2004; 63: 339–345.

659. Cho M and Rhee SY. Optimization of laminates with

free edges under bounded uncertainty subject to exten-
sion, bending and twisting. Int J Solids Struct 2004; 41:
227–245.

660. Costa L, Fernandes L, Figueiredo I, et al. Multiple- and
single-objective approaches to laminate optimization
with genetic algorithms. Struct Mutltidiscip Opt 2004;

27: 55–65.

28 Journal of Reinforced Plastics and Composites 36(1)



661. de Faria AR and de Almeida SFM. Buckling optimiza-

tion of variable thickness composite plates subjected to

nonuniform loads. AIAA J 2004; 42(2): 228–231.
662. Desmorat B and Duvaut G. Optimization of the

reinforcement of a 3D medium with thin composite

plates. Struct Mutltidiscip Opt 2004; 28(6): 407–415.
663. Diaconu CG and Sekine H. Layup optimization for

buckling of laminated composite shells with restricted

layer angles. AIAA J 2004; 42(10): 2153–2163.

664. Fares ME, Youssif YG and Alamir AE. Design and

control optimization of composite laminated truncated

conical shells for minimum dynamic response including

transverse shear deformation. Compos Struct 2004; 64:

139–150.
665. Fares ME, Youssif YG and Hafiz MA. Structural and

control optimization for maximum thermal buckling

and minimum dynamic response of composite laminated

plates. Int J Solids Struct 2004; 41: 1005–1019.
666. Gea HC and Luo JH. On the stress-based and strain-

based methods for predicting optimal orientation of

orthotropic materials. Struct Mutltidiscip Opt 2004; 27:

229–234.

667. Grediac M, Alzina A and Marquis D. Optimal design of

a multiperforated composite plate. J Compos Mater

2004; 38(16): 1401–1423.
668. Guo J-X and Xiang J-W. Composite rotor blade design

optimization for vibration reduction with aeroelastic

constraints. Chin J Aeronaut 2004; 17(3): 152–158.
669. Han SY, Bae SS and Jung SJ. Shape Optimization in

laminated composite plates by growth-strain method.

Part-one. Volume control. Key Eng Mater 2004; 261–

263: 833–838.
670. Han SY, Park JY and Ma YJ. Shape Optimization in

laminated composite plates by growth-strain method.

Part-two. Stress control. Key Eng Mater 2004; 261–

263: 839–844.
671. Harte AM, McNamara JF and Roddy ID. A multilevel

approach to the optimization of a composite light rail

vehicle bodyshell. Compos Struct 2004; 63: 447–453.

672. Hirano Y and Todoroki A. Stacking sequence optimiza-

tions for composite laminates using fractal branch and

bound method: Application for supersonic panel flutter

problem with buckling load condition. Adv Compos

Mater 2004; 13(2): 89–106.

673. Hochard C. Optimum design of laminated composite

structures. Compos Struct 2004; 63: 159–165.

674. Kovacs G, Groenwold AA, Jarmai K, et al. Analysis

and optimum design of fibre-reinforced composite struc-

tures. Struct Multidisc Optim 2004; 28: 170–179.
675. Lanzi L, Castelletti LML and Anghileri M. Multi-objec-

tive optimisation of composite absorber shape under

crashworthiness requirements. Compos Struct 2004; 65:

433–441.
676. Lee YJ and Lin CC. Optimized design of composite

propeller. Mech Adv Mater Struct 2004; 11: 17–30.
677. Lin CC and Lee YJ. Stacking sequence optimization of

laminated composite structures using genetic algorithm

with local improvement. Compos Struct 2004; 63:

339–345.

678. Liu B, Haftka RT and Trompette P. Maximization of

buckling loads of composite panels using flexural lamin-

ation parameters. Struct Mutltidiscip Opt 2004; 26:

28–36.
679. Liu B and Haftka RT. Single-level composite wing opti-

mization based on flexural lamination parameters.

Struct Mutltidiscip Opt 2004; 26: 111–120.

680. Luersen MA and Le Riche R. Globalized Nelder–Mead

method for engineering optimization. Comput Struct

2004; 82: 2251–2260.
681. Narita Y and Turvey GJ. Maximizing the buckling

loads of symmetrically laminated composite rectangular

plates using a layerwise optimization approach. Proc

Inst Mech Eng C-J Mech Eng Sci 2004; 218: 681–691.
682. Park CH, Lee WI, Han WS, et al. Simultaneous opti-

mization of composite structures considering mechan-

ical performance and manufacturing cost. Compos

Struct 2004; 65: 117–127.
683. Pedersen P. Examples of density, orientation, and

shape-optimal 2D-design for stiffness and/or strength

with orthotropic materials. Struct Mutltidiscip Opt

2004; 26: 37–49.

684. Puglia PD and Zonfrillo G. FEM study and optimisa-

tion of a CMC outer liner. Compos Struct 2004; 65:

81–90.
685. Rais-Rohani M and Singh MN. Comparison of global

and local response surface techniques in reliability-based

optimization of composite structures. Struct Mutltidiscip

Opt 2004; 26(5): 333–345.

686. Rikards R, Abramovich H, Auzins J, et al. Surrogate

models for optimum design of stiffened composite shells.

Compos Struct 2004; 63: 243–251.
687. Steeves CA and Fleck NA. Collapse mechanisms of

sandwich beams with composite faces and a foam

core, loaded in three-point bending. Part I: Analytical

models and minimum weight design. Int J Mech Sci

2004; 46(4): 561–583.

688. Tapp C, Hansel W, Mittelstedt C, et al. Weight-mini-

mization of sandwich structures by a heuristic topology

optimization algorithm. CMES Comput Model Eng Sci

2004; 5(6): 563–573.
689. Teters G. Multicriteria optimization of a composite

cylindrical shell subjected to thermal and dynamic

actions. Mech Compos Mater 2004; 40(6): 489–494.

690. Todoroki A and Tetsuya I. Design of experiments for

stacking sequence optimizations with genetic algorithm

using response surface approximation. Compos Struct

2004; 64: 349–357.
691. Todoroki A and Terada Y. Improved fractal branch and

bound method for stacking-sequence optimizations of

laminates. AIAA J 2004; 42(1): 141–148.
692. Todoroki A and Sasai M. Optimizations of stacking

sequence and number of plies for laminated cylinders

using GA with intron genes. Adv Compos Mater 2004;

12(4): 331–343.
693. Wang X, Hansen JS and Oguamanam DCD. Layout

optimization of stiffeners in stiffened composite plates

with thermal residual stresses. Finite Elem Anal Des

2004; 40: 1233–1257.

Sonmez 29



694. Adali S, Sadek IS, Bruch JC, et al. Optimization of com-
posite plates with piezoelectric stiffner-actuators under
in-plane compressive loads. Compos Struct 2005; 71:

293–301.
695. Ben-Dor G, Dubinsky A and Elperin T. Optimization of

two-component composite armor against ballistic
impact. Compos Struct 2005; 69(1): 89–94.

696. Brighenti R. Fibre distribution optimisation in fibre-
reinforced composites by a genetic algorithm. Compos
Struct 2005; 71(1): 1–15.

697. Deka DJ, Sandeep G, Chakraborty D, et al.
Multiobjective optimization of laminated composites
using finite element method and genetic algorithm.

J Reinf Plast Compos 2005; 24(3): 273–285.
698. Denli H, Sun JQ and Chou TW. Minimization of acous-

tic radiation from thick multilayered sandwich beams.

AIAA J 2005; 43(11): 2337–2341.
699. Diaconu CG and Weaver PM. Approximate solution

and optimum design of compression-loaded, post-
buckled laminated composite plates. AIAA J 2005;

43(4): 906–914.
700. Erdal O and Sonmez FO. Optimum design of composite

laminates for maximum buckling load capacity using

simulated annealing. Compos Struct 2005; 71: 45–52.
701. Fares ME, Youssif YG and Hafiz MA. Multiobjective

design and control optimization for minimum thermal

postbuckling dynamic response and maximum buckling
temperature of composite laminates. Struct Mutltidiscip
Opt 2005; 30: 89–100.

702. Featherston CA and Watson A. Buckling of optimized

flat composite plates under shear and in-plane bending.
Compos Sci Technol 2005; 65: 839–853.
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able-stiffness laminates using lamination parameter.

Compos B-Eng 2006; 37: 301–309.
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