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Abstracl

\\'e *ear shoes 10 gct more comlbrl and protecti0n for the feet. Bt res€arching (hc elfecls ol in-shoe tcnrpcrature
and relalivo humidit) on comlbrt \1e c:rn identilv thc most appropriate shoe materials. 'lhis paper aims to pro\idc a
useful and clear un(lerstanding ol the caulcs of changing in-shoe climate and so find the most tppropriatc materitls
to control it 'lhc in-shoe climate is mainl\ dependent on thc thermal conductivit\', \1ater vapour permeabilitJ- ancl
tlalcr |apour absorption propcrties ol th( upper materials of the shoe. lo de\ise bctt€r solutions, a preliminar-r
literatilrc surve) on thc hotand cold \\'calher foot\rearwas undertal(en. 'l'his research helped a lot to select a range
of Possiblc nraterials for prrctic.ll testing. ln designing the shoc there mal be an extrt interliting materi.rl bet*een
the uilper and lining to increase control o\'er the in-shoe climate. for thjs rcason the thermal conducti\i1\', ater
\?lpoul- permelbilit\' ind \\ ztcr absorption properties of a range 0f upper. lining and interlining malerials ha\ e been
Ineasured. lin,llh a prolot\pe shoe upper 1las made using thc materials found to be most suitabla to sho\i thc de5ig
dclclopnrent. .{ller comparati\e rnahsis of the tesl rcsults, somc materizls \tcre Iound to be better thaD others li)r
controllingthein_shoeclimate..,\mongthematerirlstestcd,anilinefinishedleathcrtndmilled-dYcdcrust\laslilund
to bc bcst for lining matcrials. Pol\'ester ltlbric containing a small amount viscose ravon $as founcl to be the bcst
inteilinillg material. Using these matcrials one pr-ototl-pe shoc upper lras lllade \\'hich should be thc most effrrti\r
fol-lieeping thc leet }1arnr in { cold clirnate and eliminating perspiration in a hot climrte. fhc irtcrlining mnterill
l\ill gi\e e\trx \l.rrmth in a cold climrte bul nill not allecl the t!ansmission of the perspirttior in a hot climxle.'li)
conlirm thl suilabilitv of the choscrr millerirls. r pair ol shoes should bc made up and \rcar tcst€d using humidil\ and
lemperattrc scnsors,

Ketnords : lnshoa clintirre. shoe tnale|rls. lltel.lnll xrside temDeratrLle tends k) dccrease and
lrrnLlttctilttr. \\itlai \'r.tpoLl pclntclbilitr' \\.llr'r \ itpalltf cold a'cl lcel lroe o.tlbr Lr blc.
:rhsolption. iltft lrnln!. .Lniltnt finrshi:r1 lcutitcr. rrillrLl dyed
i[ls1 l!'rlhrr- poll,cstrr l'lbric. On thc other haDd. rhcn the outsrde allcl

lhc lcct bcconrc

as ri.ell as inside

lot of scnsiblc'
-l-his rnsidc

1. Introduction
llrelc arc three utain purposes fbr'lbot*ear. fhcsc ale :

a l:oot plotection

b. ('uruftrlt

c I:eshion

'' I llc comlbn lbotu ear is big bLrsincss and has becorne onc
o1-lhc nuin coltsidcratlols u'hcu but,ing shoes" (SA'IILA
IlLrllcti11. |ebruarv 199E. p-17). Ihe conrl'ort ol tirc shoc is

l:rrgciv clcpenclcnl otl nraterial propelties and clcsign. Fr.ont

l thcnral pL'rspcctivc. the primar)' lirnction of thc shoe is to
f,ccp the l'cct $aln il] cold cliltutcs alld to ledlrce

llcrspiratiou rn hot cliDutcs- 'A human is consiclerecl to be
conrlbrtable uhen thc skin teDtperature is betnccn ll'and
15" C and thcrc is no dcposit of [quicl ss.cat r.rr the skin.
.llll)oueh thc ibol ciut still feel reasonably comlorlablc cloul
:,, l0'("' (SAl I{A Bulletir. Novcmber.. 1998.p-2).

lcmperalue of the shoe is hish. then a

perspiration is prodirced by the leet.

llerspiration u'ill also causc cliscorrfort. l o ovcrcomc thcsc

problen-u in bodl hot and cold ueathel. it is necessat.v fbr
the shoe designer to control in shoe cLnate b),sclccttng the

nlost sLlltable luaterials toeether uith all appropr'latc shoe

design.

Peoplc experience cliscomfolt rf they are erposccl to
extremcs of tenpcratulc and moistuLe. l)reventing extcrnal
nlolsture Uroln conlacting the skin ts nolmally accorrplished
by use of $.atcrprool- clothing aDd fbotrvear'. -lhe ptoblen'r

undel investrgation here is horv to protecl people liout
e:itrcmes of external tcmperallre. an.l allow intcrtral
Inoisture gencrated b-y the body (as pcrsprratiot) lo escape
rvlitle sti1l preventing access by cxternal liqLlid ntoislLue.
'lhrs property is callcd \\'ater Vapour Permeabilit.\
(wvP).

:r rrca|in! thc shoc lhetc is a cer'laiD aDtount of [lbbing r\ srDgle waler n]olecule is approximatcly,i,5.000.000 mnt
..urs bel\\ccn llrr irsjrle rrrlfrle ofthe shoc and the skin or 

'r dial.neter. E'cn a s'rall lrqutd uatc. d'oplet co'tai.s

llrolc energy ar]d exist sinqlv or in sntall .gtoups that can
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pass lhrough nllrch srnallcl holcs tlian liquicl u'atcr (Fil l)'
O|c \ay to enhancc \\'\'P is by ctealillg an irt'lconnccled

systcm ol Poles ill al] other\\'isc' \r atel--l epe lhnt

(hy'clnrphobic) n'latcrial that are in a slrrtable size range' lior

exainplc the Ciole Ie{r\1 Lellon fllnr conlains over i

l.rl1ior pores,cntr. each arounal l'20.000 the size of a uater

droplcl.

,' Jt. JrtlLLr,t,,hr n

pcrelril(c Ihe ltoles

\\ lll
fig. lr \\elcr l lpol I molecules !re \nrr I

crrorLgh lo l)cs5 Llrloush 1l)c pores lo Ihe

fhc abilil)' ol lhc material 1o illsLLlatc ii-om extrenles of
tcmperatLLle is ueaslttecl bl ils'fher-mal Conductilitl

Ihc ratc a1 {liich h.al alld lroistr.ue call pass throLlgh a

lnalerial also dcpends ott thc dillclence ill telrperalure aDd

|elative lrurliditl' bet\!een the ilside ar.rd the outsidc of the

rlatcr ial.

'I errrpcranlrc llnd hltl,ridity collditions inside llle shoe durillg

\\eilr: is callecl itl-shoe clinlate Fot naking closecl st1les of
col]rfbrl shoc. espcciall)' 1l'rosc \\'ith a higher toplinc' tlic

colllrolliDg of thls clirriatc is otlc of the main rcquircnlents

lo do this. ue nccd to icicntit-v and use thc irppropriale shoe

mat.riaLs tiral ha\c lo\\'heirt collducti\it! atld a higli N'atct

r apoLrr pcrrueabilit-v combined rvith lorv absorption

propcrlie;. Resicles the selcclion of lnaterials jt is also

.s rrrt-l t '.1, r.l"p rlr. c lor Jc'. :ll.

Irronr lelaled tcscalch u'ol-k ofIariotLS scielltlsls of SATRA'

L K \e kuoN thc ef1i'cts of terllllcratllrc ancl hr'rmicllt.v orl

liro1 lonrlbl1 dltttttg ueitr; and so tLtldcrstlnd thc t-vpes of

lnltcrials thal nli-ehl be sllitabie ti)r hot and cokl \\catller

1oo1\crr Ihen i1 is trccessat.v to idcrltil' \\'hicli ol lllesc

nntrliuls atc the tnost suilablc by practLcll tcsling an'1

pro,lLrcc a suitable LLppel collsll.Ilclion. Ihe dcrelope'-1 shoe

Lr]'r1).r usi119 thc selectcd tnatetials siroltlcl kecp thc icet

\\Jrnr r il cold clillllrle lncl dispctse pctspitaliorl bettcr 1n a

hot ;lrnrlt.' LlLtttug *eaL

:. l'-\pcrinlenlal

l,,r lira Frlnlill\ tcseatch \olk. 1\\'o Foot\\ear illrlLlstry-

-.r-i..r : .I t r' -.r"r'til"r t i'lcrltr'l I Jpp n1'1 
'1''

.]t,'r nrlilr rrl.. I llr lcs{s art' Sr\ fR{ Per nlelbilitl"

\h<,rn trrrr r P \ I ttsl !nd I-ce s l-hetnral Con.luctivll]' tcst'

Noor \{ohammad. I)t. llobett Chcn atld Dr" Patr ick Callaghan

2.1 Water Virpour Pcrneabilil] and Absorption test

process

\\iater vapou. pcrnerbility (WVP) is the abilitl' of a

material to traDsmit water tiom one side 10 the other in thc

lorm of vapour'. Watcr vapolu. absorytion (WVA) reters to

horv much of lhat vapour is tetatned by absorption rvithin

the material strLrcture. WVP ln shoe upper matetials helps

in the dispelsal of petspiration and makes all importaut

contlibutjon to foot col]lfbrt and h-vgiene. fhc tate at rvhich

moistu-e passes though Pelnleablc materiaLs is ccllttrolled

by the dilTerencc in tenlpelature anrl hu[ridity belNccll thc

t$'o sides ofthe malelial.

Annlhcr fJ. rnr trtll tcn;ttl : d \\c.llLl' ; .lll. ul 'ullllofl l'
the amount of \\atel rctaincd by hose llale|ial nexl lo the

skin. Although tlle hose has lrttle etlect on WVP' drc

anount of moisture it has absotbed ciuring the test indicates

ho$' damp the feet nTigirl leel after a period of wcar' \\rV'\
by hose is likel-v to be irigll if water absorptiot'i and WVP tn

the outer are both lo\\'.
hr the SATRA Permeabilil-v,Absorplion (P'A) nctllod us"'d

here (Fig.2a ancl 2b). uppel rraterial is combtned \\tth

stan.lard hosc matcrial and lestcd under tealistic cotlditions

of humidity and tenipetatlte.

Iesl lrrrrn.!

(lLrp

Fig.2r: Cup Llsed 1n PernleabilllylAbsorptlon nlethod

Fig. 2b: Sr\lR \ I'crrrcrbrlrl\,\bso4rtron ApparatLLs

'I he P'A tesl cau also be carrled out \\ith llnin-e. malerial

inclucled. To conlpare the \\'\'P ot li ings. it necessary to

usc a staDclatcl oLttcl lcath.'f of hieh WVP (6 mg]'cttliltt)'

e.g. anilinc call-.

6i'r'i, r.h.l0'(

'-1ryB,ffii'|::1*
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l.l I hermal Conductivily test process

rrr rbility of a shoe naterial 10 resist the passagc oi heal is

:.:]roliant to loot co|ntblt wherl the \leather is colci. As a

-:reral mlc. non metallic matclrals are nruch poorer
, IJuctols of hcat (ancl electricity) than metals. i.e. Ihey
;.:'..' Lo$' thcrmal coDductilities aDd are therelbre otten
.::r'rr.d to as heat iDsulators. l'he n]ethocl of measurement
:-..'ribed here is surtable lbl discrimrnatttre between
:::::.'11als of Io\ corrdrictivity onlv.

. i:. srurplest theorelical case for study is uirere the
:::r:p.ll]tlrrc cliflercnce bet$,eel] the ends of a unif'orn bar of
: .:crral is kept colistar'rl, a d heat loss fiom tirc sitles ofthe
-:: ii pfevented. 'fhe ratc ofheat translcr'(J,S or \\') fiot-D
' .: :rottcr end to thc coolc| end thcn dcpcnds on:-

.:,, . rc: .ec ro lJl Jrcr t AJ,rt lhc bJr tnr I.

- Ihe drstance (L) between the ends ofthe bar (m).

. - re rempelatre drop ('l'. TL) between the ends ofthe bar'1'r(i).

. trrcrn.-l cordrr.rr,.rt) {/ rot rhe lllalcllJl ,\\ r'r ( r

InsUlarrof

ffi

-------r---------------

A A (Tr-Tr)
Ratc of hcal 1Llrt '

L

, ::::. :rqtrilicant heat loss (mainly by racliatrou) occurs
' .rJcs of thc bar and this is best estllralcd fronl

'.rr:rti ol surface temperatrire and cxposed area,

-:r IiL'nrpting to prevent it occrurillg. Thc 'Lees

. -, .:r'..nt (l'ig.la ancl 3b) \\,as used rn these tests.

I.ig.3b: Lees Discs eqLLrpnrcnl

3. Cotnparatit'e Results

ln this research u'ork. il nas not possible to control lhc
cxternal Ielative hr.rmidity arrd room tempcraturc during
tcsting. Consequently the rcsults might bc slightly higher
ibr rclative humidity and lorvcr lbr thcrmal conduclilitl'
thal u,ould be lbund undcl standard conditions.

The standard conditiol is 65!L relative hunidity ancl 20"('
room ternperanue. 'l'he actual test conditions rverc 4591, r.h.
and 22 - 24oC roon tel'nperatlre.

These corditions resulted from carrying out the tests ill irn
arca protected from drauglrts il'ithin a laboratory servicc(l b)'
the buildings re cycled air cilculation systcm. Wc bciicre
that the non-standard conclitioDs rvould mirke no dil-fur'e11ce

lu Ilrc r-nl(rrr- nl llle nrllcrr.rl- lc\lcd

't. Selection of M.tteidls

If the fbot*,eal is to bc used lnainly outdoor. then thc orlcr
part of the upper rraterial, if not \laterprool. shoulcl at lcasl
'sho$,er lesistant' so that external liquid moistu|e (rarn or

snow) is not a direct source of discol'nfolt. For mainly
indoor r.rse, water-resista]lce is less importallt.

Both natLual (1cather. collolr, etc.) and s.vnthetic (Pi-: ot P\r('
coated lablic. etc.) materials can be uscd for lnaknlg the

upper. Nlosl pigment llnished leathcls are rcasonably
shorverproof. Ariline leathers. lvhile highly pcrmcablc. arc

mole sc[sitive to wate]. Modem PLI coated fablics alc
$,atcrproof. but halc sorle permeability. I'VC coatcd
fibrics lbr outcrs arc wirtelprool bu1 have no permcabLlitl'.
PVC fi1ms can be made porous tbr use in a lining matcrial.

'lo ruake a colnlbr1 shoe ibr use botli in hot and colcl

climates. rve need to selcct rlalcrials or tnatelial
combrnalions Lhat have high pclnrcability and lou'lhetnral
conductivily so as to reduce the loss ofheat fiom Lnside tlie
shoe in cold rveather and absorb and transmit pcrspiralioll
fiom thc 1'ect in hot weather.

T1
'rr

-..: rn I-ccs Discs cLlrLipfrcnt
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Selection is based on the measrueDlents of water vapour Analysis of results from the two tests should alloq thc

perD.reability/absorptiol and the tirenr.ul conductivity of a selection of materials with the optimum batance of
wide rauge of upper, lining and interlining materials properties for controlling in-shoe climate.

currently available to shoe and clothing manufacturerc'

Table 1: Upper Materials
Water vapour permeability/absorytiol and thermal conductivity ofselected upper matelials

: .Matdiial
. ;l'yq, :. ..

u 0l Aniline Finished
Leadrer

t.2 10.241 1.213 0 929 0.06618 r

u,02 Semi Arliline
Finished l.eather

1.2 t.022 rR.966 5.841 0.068461

u-03 PLI coated non-
woven fablic

l.l 0 895 121',78 411?- 0.05E855

u-04 Corrected Crain
Leather

r.25 3./ /2 1A.242 2.825 0.012823

u,05 Palent Leather l.l 0.557 20.712 3.85 0.062784

u06 Watelproof Leather 1 .45 0.876 19.517 2.611 0.079080

u07 Dyed Finished
Leather

1.15 6.',726 4.096 0.139 0 075155

tJ 08 PVC coated woven
fabric

0.8 0.244 3.262 16.166

I J,09 PU coaled non-
woven fabric

Ll 8.21',7 0.872 0.587

I l0 Coffected and

Dyed Finished
l-eather

t.l 9.3 80 2.029 L l75

Table 2: Lining Materials
Water vapour permeability/absorytion and thermal conductivity of selected lining materials

Material
Nor

L-0t Leather 0.8s 1.542 18.246 4.134 0.0s6958

l.02 PU coated
woven fabric

0.70 2.942 4.8'74 4.362

103 Leather 080 '7.362 3.224 0.966

L-04 Combined
woven lahric

0.70 1.484 10.602 6.111

105 Leather 0.80 3.84r1 '7.453 3.0'74

L 0r) Leather 0R0 4.926 1.',7i8 1.195

L-07 Leather 0.95 I i.006 o.625 0.682

L08 Lcather ll ll 82t 0.682 0.493



An lnvestigation to Identify Upper Mateials for Optimum Inshoe Climate

Table 3: Interlimng Materials
'lhermal conductivity of interlining mateliais

Table 4: Conbined upper and lining n.rater ials
.l 

herroal conductivity of conbined upper and lining materials

Table 5: lnterlining with same Upper and Lining materials
Thermal conductivity ofselected interlinings with same upper lining materiais

lt f,tlE \hierial
r3E :b :Tlost permeable material for the shoe outer,
tr EF :i leather (e.g. auiline finished (dye finished),
hg fre :oared. corrected grain, patent finish, water

fi*d :p:':,: and sy'nthetic n.uterials (e.g. PU coated
ft-ltE aqrci :bric) were te ste d.

E* 
-:--r1,., 

*re Aniline finished leather (sample
Sill : 

- 
..rrc: !.leour permeable ( 1 0.24 I mg/cm'z/hr).

lrrq c :r!:srant. but can be used successfully as

upper material. According to the SATRA P/A test method,
if the water vapour permeability of a test matedal is higher
than 5.0, then it is classed as having 'very good'
permeability for footwear. The matedals found to be veq/
permeable included the corected grain leather (U-10, 9.380
mg/cm']4r) and PU coated non woven fabric (U-09, 8.277
mg/cm':/hr). The corrected grain leather can also be suitable
material for th€ shoe upper but in the case of PU coated non
woven fabric, its large pore structure makes it l€ss suitable
than the sample no. U-01, because it is not water resistant.
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Tlpe ol \4aleflaI

lL 0t Non rvoven Micro fibre with resin bonding agent
with rvoven labric backine

12 0.046s05

L,02 Woven Cotton 1.1 0.068499

I I,-O] Knrrted Nllon 2.2 a.4522'72

II,,O4 Combined woven labric (top- cotton and bottom-
viscose rayon)

1.1 0.040080

IL-05 Woven Cotton 0.8 0.06612,1

IL,()6 Mixed material (top-EVA and bottom-knitted
cotton fabric)

2.25 0.0519E0

IL-07 Conlbined knitted fabric
(Mixed wool and acrylic fibre)

t5 0 02'/162

IL-08 Woven Nylon 0.8 1 0.042292
IL,O9 Shearlrng lFur skinl 2.2 0.0245'76

tL- 0 Knitied Wool 2.15 0 042484
It.- Knitted Polyester t.1 0.023656
I], 2 Gore l-exrM 1.8 0.034214
II,- 3 Knitted Pollester 2.55 0.054740

.- 1 Vate ial ofcorrbrned Polle5te and \ i(coqe ra)or 0.8 0.0r4007
II,.15 Loose knitted Polyester (with small amount of

undemeath)
1.3 a.025251

IL-O] Non-woven micro fibre lvith resin bonding
agent. Woven fabric backing

3.4 0.08 t306

II_-02 Woven Cotton 3.) 0.07919 r

II,.O3 Knitted Nylon 4.8 0.067251

tL-04 Combined woven labric.
(Top-cotton and Bottom-viscose rayon)

3.85 0.071486

lL-15 Loose knitted Polyester (with small amount
ofcotton on bottom part)

3.8 0.0563'7 4
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If rvc considcl the thermal conductility of uppet nuterials
theD it can bc seelt that the PU coated no \oren l'abric
(sanplc no. Li 03) has the lowest conductir,rty of rhe upper
r.r'rrterials testcd. This Value is 0.059 \V,m,"rC Its thickness
is srritable ftrr shoe uppel. This lr-taterial. houer,cl canuot be
Lrsed as a shoe upper fol controlling the in-shoc' climate.
bccause it s water vapour permeabilitv is vclr' 1o\' (0.895
rug,'cm'l'll).

On the oilrcr hand tlte lltaterial no. U-01 has a lou
conducti\,ity- 0.069 \\,m',)C. This material I absorbs
con'rpalati\,e1)' llttlc water vapoLu compared to tite otfier
nrat.lials lested. 'fhc stanclard hosc also absorbed less
\\alcr: so the ntatenal \\'ill not absorb nuch \ atet- dut-11]g

$earing the siroc and will gl\,e coutfort to the \\.carct

hr thc SA l lLA P'A test. Watcr Vapour Absolption of
standalcl hose tralerial after 265 l.IriDutes represents the
amount of perspiration that is [ke]v ro be retained iD
lootwear altel E hours ofthe contilluous $ear. As a general
rule. \\iVA shor.rld be lcss than 75 mg (about 3 ntg crrrl lor
acceptablc conlfort. Ho\\ever if rlatelials dry out quickll
bet\'eell perlods ol \\,ear. a higher r.aluc than tl]is cal] be
acceptccl.

'lhc \VVA ofthe n.raterial no. Il-01 is l.2llmprcmrandfor
standald hose is 0.929 ng,'cr.r.rr utich is liricl than 3
mg'cn'l'.

Conclusion:- For controllirg the in shoe clinate, the
sample no. 1, 01 (Leather , Aliline finished) is very good
uppel nnte: ial fol botli in hot and cold \\'eatl')er.

4.2 Litting Material

Beside the Lrpper matenal. the linrrg material should be
pemreable and less water absorbent. If it absolbs lnore \\'atdr
and the lvater vapour calxtot 1t-love tlten it caltses mole
cliscorrlort to the $earer, becanse the lining is cioscl to the
skin. ConseqLlcntly it is nccessarl, to identtl,r the most
perneable lining material. Normally, it should bc thinner
tha]] upper: so it \\'il] not adcl much strength to the shoe. A
tangc ofrratcrials were tested fol rvater vapour pelnreability
and absorption to find the most penneable linlng r.naterial.
lhese include leather (dyed and coated, dyed cmsr, natural
\\'hite crlrst, nrilled and dyed crust). PU coated q.o\en fabric,
cot'nbined (cotton and viscose ra1'on) u'oven fabrrc. etc.

Arnong the matenals. \4aterial no. L 0 8 $'as fbund to be the
rrost $'ater vapour permeable (11.821 t.nglcnrih). It is
t.nilled and dyed crust. Materlal no. L 07 also had high
perneability (11.006 ng/cmrilx). This is a natulal white
cILrst. Both naterials retaiD less water (Materiai L,07:
n r')) rr- irn .-r 'd nrarerral I -08: 0 bE2 mg crnrr. In the
case of material L-OE the standard hose retained the least
amouDl $ater (0.493 mg"cm:) of all the lining materials
tcsted: $,l]ich is n]uch less than the acceptable range for
comfort (acceptable range up to 3 mg,'c#).

Conclusion: lt is clear that to conttol tlte rn-shoe c11mate.
materral lio. L-0 8 rvhich is nrilled and dyed crust is the
nrosl sllrtable for use as a lining material.

Noor MohanLmad. Dr. Robert Chen and Dr. Parnck C.- =. 
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,1.3 Interlini g Materiol

To control the in-s1toe clinate ne need to use the ucDi: -r _

lrnrrc nrarc|t.,rl 'rhicrr lr. hrchly \naret-r rpour prt- . .-..
but have lou thermal cor]ductrvity. 1o ger thesc :.
properties in the same naterjal is vcry diflicr-Llt. Sontei::_-..,
\\'e gel them by losrng other propelties like strengrh. O::::
normal uppel and linrng naterials are not good at redu;:r---
heat transfer fron skin to outside in cold rveather. lf \ e L:,:
an exha naterial bet\\,eetr the upper and linrng as rnterlintr:-.
ill higher topJined footwear. then it is posstble to keep t:--:

fcet warm in cold rveather. To select the interltntr-
matenai. we can look to lextrle maierials wltich are \\'orn lir
cold ueather as garmeltts. \4ost of these textile ntaten3 :
are porolrs and there fore permcable to watel vapour. fhcsi
pores can hold air, rvhich rs good jnsulator for heat.

To identifl' t1're appropdate permeable interlining fbr
keeping the feet warm in cold chmate. the lbllouine
materials $'ere tested:

o Nljcro fibre uith |esin bonding agcnt and back side
cotton.

. Colton (\\'oven struc rc),

. Nylon (knitred stnlctule)-

. Combined woven fabric (cotton and viscose rayon),

. Mixed material (top- EVA and bottor.n - knitted cotton
fabric),

. Comblned knitted fabric (*,oo1 and acr1,lic fibr.e),

o Shealling (rvoo1 skin iiom sheep rvhich hai.e been
sheared belore slaughter'. The length of $,ool is cluite
short.),

. \\iool (knrtted stl1lctlLre).

. Pol]'ester (knitred structute) urth srrall anounl of
cotton.

. Pol.vester (knitted snucture) Gore Texrul.

. Combined material (polyester and viscose ravon).

Among the materials tested, sample no.ll--14: Combined
labrics (polyester and viscose layon) had the 1o\\'est thermal
conductivity (0.01,1 \V'm'0C). One problem \\,irh rhis
materiai, is that it has a high vrscose rayon conrent u,hich
u'ill absorb and hold $.arer strongll: and so rviil increase the
thermal conductility in $er conditions. Anotlter sample no.
IL- l5rpolyester (\\ ith a small amount ofcotton), $,as also
found to have a lo$ heat conductivity (0.025 wimi(rc).
This material is verv light in weight and will not increase
the weight of foot*ear very much. Due to its open
structure. it u ill gir e the shoe a cushioning effect for added
cornfon.

When the thermal conductivity olcombined upper (nmterial
no. U-01) and limng (rrraterial no. L-01) material is
measured it u,as 0.0t9 W/ntoc. When also combined rvith
the interlining material (material no. IL-15), then the overall
thermal conductivity rvas 0.056 W,,m10C. So the interlining
reduces the thermal conductlvity of the shoe outer which
rvrll keep the feet warmer in cold climate. Other
interlinings tested in combination \\,ith the same upper and
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lining did not reducc thelmal condLlctj\'rty as rnuch as

sanple no. II- 15.

Conclusion: Sample no. IL-15 (I-oose klittecl sluctr.ttc of
poll,cster uith llllle moul.lt of cotton in the bottorr) is the

best iDtclliDrng naterial in the lange tested.

i (icneral DiJCLt.\sion

'lhc purpose of this reseatch $as to invcstigale tn slioe

climale ln highel toplined tbotu,ear and de\ise better
solutions lor controlliDg it Fron lhe literature. r'atious

opurions about hou' tiris n'ray be donc r',eLe consrdeted.
Some researcliels havc tricd. \\'itl'r limited success. to tlncl an

upper material that contlols botll thermal concluctivttl and

\\'ater vapouL pelmeability but also providc resistance to
erlemal \1,ater. Some matelials can teduce thc heat loss

liorD the shoe but ale unable to traDsrnit enough motsture
tlnollgh the rratelial. On the other hand somc nuterials
have higir pelnrcabilit.v but ale not suitable tbr a shoe upper
cluc to lack of \\lrler Iesistance or soxctural $eaknesses.
lhc aim ol the cuuelt researcl] $as to examine a tange of
cxrsling shoe upper matelials to find which had the best
\VVP with acceptable level of rvater resislance and strength,
and u,hich the lo\\'est thcrmal conductir,ity. Tliese materials
rvould then be con'rbined to make thc shoe upper.

Normally a shoe upper coDtains upper (top most) part and

liriurg. To contlol thc in-shoc clinute. the shoc upper is tlte
nost rcspo|rsible part. Ihis part should harc high $atet
r apour pernreabihty but less thernal conductilit.v.
Scparatcly a range of materials is tested and selected leather
rLppel and lining matetials of high waler vapour
permeability rvith lorv thermal conductivit)'. Thel
combined the upper and hning as shoe upper and measured

the \\tVP ar.rd thermal conductivity. A range of inter-lining
materials is testecl lbl thermal conductivitl' and W\rP. The
rnterLrning matenals in combinations of same upper and

Imllrg matetials are also tested. These scientific results
pro\.e that the extla interlimng reduce the thermal
coDductivity ofthe shoe upper. This matenal $'ill not aflecl
the pcllneability due to its porous and hyclrophobic nature.

ln tlle primary research a range of material (leather, cotton,
s)'nthetlc) lvas coilected and two scientlfic tests WVP/A
and 'fC rvele tested for upper, lining and interlining
materials. The composition and structure of each material
n,as determined by mtcroscopic examlnation and flame tests

in the laboratorl

In the case of $ater vapour per meabllity, absorption tests ]t
is essential to control the humidit)' and tenrperarure. I he

relative hun.ridit.v should be 65'11, aud the tempelature sltoLrld

be 20rC. but r1r the resealcir time it was not possible to

control. During u,orking the room temperature varied llont
220C to 25rC and tl'ie relative hunuditl, ras ,10-459',. This
lariation might affect the original rcsults because thc rvater

vapour permeability and thermal conductivity are rnostl)'
affected by tenperature and relatir,e hunidity. 'fhe thermal
conductivit-v of the nuterial is increased rvith higher
moistule contents- On the otl]er hand outside lo$'et

humidit.v rncreases the pelmeability oftire materials.

b. Conclu\ion! and Recummcnda tions:

Flom the tests canicd out on range of matcrials i1 can be

concluded that leather makes a better outel and lining
naterial than PU coateci ot PVC coated labrics lbt
controlling the in-shoe chmate (shoe inside tempcratute,
humdirl,. ll-e leatlrcr r5 purous. jo il r. \rrr.r \-puril
permeable for removing the perspiration from the shoe

inside. Or.r the other hand the pores ofthe leather can hold
air that can be used as a heat insulatol in cold u'eather lbr
keeping the leet u'arm. Ifthe leathel is heai'ily coated rvith
bindel and pigment, then its pern.reabrlity is reduced to
levels like those found witl'l coatcd fabrics. Aniline finished
leather can control thc in-shoe climate most succcssfully. I o

increase the heat insulating property of tl'ie shoe for reducing
the heat loss. $e need to use tl're polyestcr fabric (knitled
open structule) betu'een the upper and irning matelial. lhis
lnterlining has the added advantages of not affecllllg the

overall water vapoul pemeabilit! of the shoe upper. Ihe
higher toplined footwear of tl'ris upper should control the in-
shoe climate both in hot and cold weather.
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