
9`_eV_f 3

% =bWii_\_YWj_ed Z[i cWj� h_Wkn 

% ?bWXehWj_ed [j Z� i_]dWj_ed Z[i \edj[i 

% ?bWXehWj_ed [j Z� i_]dWj_ed Z[i WY_[hi 

% ?bWXehWj_ed [j Z� i_]dWj_ed Z[i Wbb_W][i b� ][hi 
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Chap1 Elaboration & désignation des matériaux

I>C* *

F]R_ UV T`fcd

ES[VTeZWd Xt_tcRfh

>edd[h kd Wf[h~k ]� d� hWb ikh bW ]hWdZ[ Z_l[hi_j�  Z[i cWj� h_Wkn \[hh[kn [j ded \[hh[kn+ 

-= AQ=ZZKHKA=[KTS CD ADZ R=[FYK=\a ZDY= =@TYCFD DS Zp=WW\b=S[ Z\Y QDZ [DAJSKX\DZ

CpFQ=@TY=[KTS D[ Z\Y QDZ STYRDZ CD CFZKIS=[KTSn -DZ A=Y=A[FYKZ[KX\DZ Cp\Z=ID Z[ Y^Wgk[

]hWdZ[ \Wc_bb[ Z[i Wbb_W][i \[hh[kn i[hedj Z� l[beff� [i [d _di_ijWdj ikh b[i ef� hWj_edi Z[ c_i[ 

DS V\_YD D[ Z\Y QDZ WYTWYKF[FZ Cp\[KQKZ=[KTSn

ES[VTeZWd datTZWZbfVd

' =eddW�jh[ b[i ef� hWj_edi Z[ Yekb� [) Z[ c_i[ | bW ckWdY[ [j Z[ c_i[ [d \ehc[ Z[ 

gk[bgk[i dkWdY[i kik[bb[i Z[i Wbb_W][i \[hh[kn [j ded \[hh[kn+

' CZ[dj_\_[h [j � jWXb_h bW Z� i_]dWj_ed Z[i c� jWkn [j Wbb_W][i \[hh[kn [j ded \[hh[kn i[bed 

b[i Z_\\� h[dj[i dehc[i [d h_]k[kh+  

;tc`f]V^V_e

E[ Y^Wf_jh[ i[hW WXehZ�  ZkhWdj 0 i� WdY[i Z[ .^70-c_d Y^WYkd[ h� fWhj_[i Yecc[ ik_j 7  

+ FcV^ZscV dtR_TV 7 ?bWXehWj_ed*>� i_]dWj_ed Z[i WY_[hi [j Z[i \edj[i  

+ ;VfhZs^V dtR_TV 7 ?bWXehWj_ed* Z� i_]dWj_ed Z[i Wbb_W][i ded \[hh[kn  

FctcVbfZd

Gej_edi � b� c[djW_h[i Z[ Y^_c_[ c_d� hWb[  

<gR]fReZ`_

3F\ZZKY WQ\Z CD � }�  CD Qp=WWQKA=[KTS CD ZbS[JEZD D[ F_DS[\DQQDRDS[ CDZ 5& WYTWTZF
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I>C* +

H`^^RZcV

@_ec`UfTeZ`_ ,

*( GRaaV] dfc ]R T]RddZWZTReZ`_ UVd ^teRfh Ve R]]ZRXV Z_UfdecZV]d ,

*(*( =R^Z]]Vd UVd ^RetcZRfh UV T`_decfTeZ`_ ,

*(+( ,?R OQEL=EO9J?R OQMOQEASAR >`?KOJME >? =D9PT? B9KEJJ? -

*(+(*( E[i fhefh_� j� i Z[i c� jWkn                                                                                         -

*(+(+( E[i fhefh_� j� i Z[i feboc�h[i                                                                                    -

*(+(+( E[i fhefh_� j� i Z[i Y� hWc_gk[i j[Y^d_gk[i                                                             -

*(+(,( E[i fhefh_� j� i Z[i cWj� h_Wkn Yecfei_j[i                                                               -

+( <]RS`cReZ`_ Ve UtdZX_ReZ`_ UV ]R W`_eV .

,(*( CZ_VcRZ .

+(+(*( Ih_dY_fWkn \edj[i Z[ .�h[ \ki_ed /

+(+(+( ;\\_dW][ Z[ bW \edj[ Z[ /� c[ \ki_ed 0

+(+(,( =bWii_\_YWj_ed Z[i \edj[i 1

,(+( ;tdZX_ReZ`_ _`c^R]ZdtV UVd W`_eVd 1

,( &J9<MQ9SEML ?S >ARECL9SEML >? J`9=E?Q 2

,(*( <]RS`cReZ`_ UVd RTZVcd 2

,(*(*( 1YKSAKWD CD Q= RF[=QQ\YIKD CpFQ=@TY=[KTS 2

,(*(+( @WXh_YWj_ed Z[ Qp=AKDY > W=Y[KY CD Q= HTS[D 2

,(*(,( (=@YKA=[KTS CD Qp=AKDY > W=Y[KY CD Q= HDYY=KQQD 2

,(*(-( >_\\� hDS[Z WYTAFCFZ CpFQ=@TY=[KTS CDZ WY_[hi 2

,(+( ;tdZX_ReZ`_ UVd RTZVcd **

,(*(.( >� i_]dWj_ed iocXeb_gk[ fWh [cfbe_ *+

,(*(/( >� i_]dWj_ed iocXeb_gk[ fWh Yecfei_j_ed Y^_c_gk[ *+

-( &J9<MQ9SEML ?S >ARECL9SEML >?R 9JJE9C?R >`"JTKELETK *,

-(*( &VSQ9=SEML >? J`9JTKEL? 3 Fc`TtUt 8RiVc *,

-(+( 0QM>T=SEML >`9JTKELETK O9Q AJ?=SQMJWR? >? J`9JTKEL? *-

-(,( ;tdZX_ReZ`_ _f^tcZbfV >?R 9JJE9C?R >`"JTKELETK *.

.( <]RS`cReZ`_ Ve UtdZX_ReZ`_ Uf TfZgcV */

.(*( CReZscVd acV^ZscVd */

.(+( <hecRTeZ`_ Ve T`_TV_ecReZ`_ UVd ^Z_VcRZd *0

.(,( ;tdZX_ReZ`_ UVd R]]ZRXVd TfZgcV *0

/( 2AQE? >`?V?Q=E=? d&VSQ9ES >?R ?V9K?LR ?S %2Re *1
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I>C* ,

@_ec`UfTeZ`_

-D HDY DZ[ [YEZ Q=YIDRDS[ YFW=SC\ C=SZ QpFATYAD [DYYDZ[YDk T] KQ ZD WYFZDS[D ZT\Z HTYRD

Z[ c_d[hW_i Z_l[hi %enoZ[i) ^oZhenoZ[i) YWhXedWj[i) ikb\kh[i) i_b_YWj[i [j Wkjh[i&+ >[fk_i bW

WYFJKZ[TKYDk QpG[YD J\R=KS = =WWYKZ > WYFW=YDY ADZ RKSDY=KZ W=Y Q=_=IDk ATdYWiiW][) Yh_XbW][)

� b_c_dWj_ed Z[ bW ]Wd]k[) [j | b[i jhW_j[h fWh h� ZkYj_ed %\ki_ed&) W]]bec� hWj_ed ikh ]h_bb[ ek 

DS @T\QD[[DZ WT\Y WT\_TKY QDZ HTSCYD CD H=BTS > T@[DSKY C\ HDY D[ CD Qp=AKDYn " QpFWTX\D

JKZ[TYKX\Dk \SD KSC\Z[YKD HQTYKZZ=S[D C\ HDY ZpDZ[ C� l[beff� [ ZWdi Z[ decXh[kn fWoi | fWhj_h 

Z[i ]_i[c[dji beYWkn Z[ c_d[hW_ [j Z[ bW fhen_c_j�  Z[ \eh�ji gk_ \ekhd_iiW_[dj b[ YecXkij_Xb[ 

ieki \ehc[ Z[ Y^WhXed Z[ Xe_i+ ;k Z� Xkj Zk QOCCC[ i_�Yb[) bW Z� Yekl[hj[ Z[ bW feii_X_b_j�  Z[ 

h[cfbWY[h b[ Y^WhXed Z[ Xe_i W=Y QD ATPD = YF_TQ\[KTSSF Q= ZKCFY\YIKDk CTS[ QpDZZTY =QQ=K[ G[YD

b[ fe_dj Z[ Z� fWhj Z[ jeki b[i Wkjh[i fhe]h�i Z[ bW h� lebkj_ed _dZkijh_[bb[+ EW \WXh_YWj_ed Z[ 

Qp=AKDY SD ZpDZ[ _FYK[=@QDRDS[ CF_DQTWWFD X\p=\ 9+9D ZKEAQDk =_DA QpKS_DS[KTS CDZ WYTAFCFZ CD

\ki_ed+

"\OT\YCpJ\K Q= WYTC\A[KTS Cp=AKDY DZ[ \S KSCKAD CD Q= YKAJDZZD S=[KTS=QD D[ DQQD DZ[ > Q=

XWi[ Z[ bW fheZkYj_ed Z[ cWii[ ZWdi Z[ decXh[kn i[Yj[khi _dZkijh_[bi j[bi gk[ bW

ATSZ[Y\A[KTS S=_=QDk Qp=\[TRT@KQDk QD @?[KRDS[ D[ QDZ [Y=_=\a W\@QKAZk Q= AedijhkYj_ed

RFA=SKX\Dk QpT\[KQQ=ID D[ QDZ FX\KWDRDS[Z KSC\Z[YKDQZ D[ RFS=IDYZn -D CF_DQTWWDRDS[ CDZ

jhWdifehji) [d fWhj_Ykb_[h fWh c[h) WoWdj h[dZk b[ Yecc[hY[ _dj[hdWj_edWb Z[i cWj_�h[i

fh[c_�h[i %c_d[hW_ Z[ \[h) Y^WhXed) \[hhW_bb[i [j WZZ_j_\i& � Yedec_gk[c[dj h[djWXb[) _b W 

Yedjh_Xk�  | XWjjh[ [d Xh�Y^[ bW fei_j_ed fh_l_b� ]_� [ Z[i fWoi feii� ZWdj Z[i ]_i[c[dji Z[ 

c_d[hW_ Z[ \[h | fhen_c_j�  Z[ c_d[i Z[ Y^WhXed+ 

*( GRaaV] dfc ]R T]RddZWZTReZ`_ UVd ^teRfh Ve R]]ZRXV Z_UfdecZV]d

*(*( =R^Z]]Vd UVd ^RetcZRfh UV T`_decfTeZ`_

&=SZ QpKSC\Z[YKD CD Q= [Y=SZHTYR=[KTS T\ CD Q= WYTC\A[KTS CDZ R=[KEYDZ WYDRKEYDZk

Qp\[KQKZ=[KTS CDZ CKHHFYDS[DZ S\=SADZ CD R=[FYK=\a [YT\_D \S IY=SC KS[FYG[ KSC\Z[YKDQn 'S DHHD[k

b[i eX`[ji gk_ deki [djekh[dj) gk[ deki cWd_fkbedi gkej_Z_[dd[c[dj) iedj jeki Yedij_jk� i 

Cp\SD R=[KEYD AJTKZKD WT\Y Z= @TSSD =C=W[=[KTS > Q= HTSA[KTS CD QpT@OD[ DS X\DZ[KTS D[ =\

WYTAFCF \[KQKZF WT\Y ATSHFYDY > QpT@OD[ Q= HTYRD ZT\J=K[FDn -= ST[KTS CD R=[FYK=\ DZ[ CTSA

YKIT\YD\ZDRDS[ KSCKZZTAK=@QD CD QpKS[FYG[ X\D WD\[ WYFZDS[DY Q= Z\@Z[=SAD DS X\DZ[KTS WT\Y

QpT@[DS[KTS Cp\S T@OD[ HKSKn

;ABELESEML >`TL K9SAQE9T m \S R=[FYK=\ DZ[ Q= HTYRD R=YAJ=SCD Cp\SD R=[KEYD

WYDRKEYD AJTKZKD DS Y=KZTS CD WYTWYKF[FZ Cp\Z=ID ZWFAKHKX\DZ D[ RKZD V\_YD W=Y CDZ

[DAJSKX\DZ =WWYTWYKFDZ WT\Y QpT@[DS[KTS Cp\S T@OD[ CD IFTRF[YKD CTSSFD > HTSA[KTS

fh� c� Z_j� [ T.U  
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I>C* -

-DZ R=[FYK=\a CD ATSZ[Y\A[KTSk \[KQKZFZ C=SZ QpKSC\Z[YKD RFA=SKX\Dk TS[ F[F CFATRWTZFZ

ed gkWjh[ \Wc_bb[i fh_dY_fWb[i) ie_[dj b[i c� jWkn) b[i feboc�h[i) b[i Y� hWc_gk[i [j b[i 

cWj� h_Wkn Yecfei_j[i \W_iWdj kd c� bWd][ Z[ Z_\\� h[dj[i dkWdY[i Z[i jhe_i fh[c_�h[i 

\Wc_bb[i+ E[ jWXb[Wk Y_*Z[iieki h[fh� i[dj[ kd[ YecfWhW_ied gkWb_jWj_l[ Z[i fh_dY_fWb[i 

fhefh_� j� i c� YWd_gk[i Z[i cWj� h_Wkn+ 

*(+( ,?R OQEL=EO9J?R OQMOQEASAR >`?KOJME >? =D9PT? B9KEJJ?

*(+(*( BVd ac`acZtetd UVd ^teRfh

-DZ R=[FYK=\a RF[=QQKX\DZk ATRRD QD\Y STR QpKSCKX\Dk ATRWTY[DS[ CDZ QK=KZTSZ

DZZDS[KDQQDRDS[ RF[=QQKX\DZk ApDZ[*|*Z_h[ [d fWhj_[ Wiikh� [i fWh Z[i � b[Yjhedi Z� beYWb_i� i+ =[i 

Z[hd_[hi iedj h[ifediWXb[i Z[i Xedd[i fhefh_� j� i Z[ YedZkYj_l_j�  j^[hc_gk[ [j � b[Yjh_gk[i 

Z[i c� jWkn+  

E[i c� jWkn iedj ]� d� hWb[c[dj fWhWcW]d� j_gk[i le_h[ \[hhecW]d� j_gk[i+ E[kh 

j[cf� hWjkh[ Z[ \ki_ed [j Z[ lWfeh_iWj_edi iedj [d ]� d� hWb � b[l� [i+ E[i c� jWkn iedj fekh bW 

WQ\W=Y[ C\A[KQDZ D[ YDQ=[K_DRDS[ [DS=ADZ D[ Qp=ZZTAK=[KTS CD QD\Y [FS=A_j�  [j Z[ b[kh ZkYj_b_j�  

[ij kd Wjekj cW`[kh fekh b[kh c_i[ [d \ehc[+ IWh Yedjh[) Wfh�i c_i[ [d \ehc[) ed f[kj

\WY_b[c[dj Zedd[h Wkn Wbb_W][i c� jWbb_gk[i kd[ Xedd[ h� i_ijWdY[ c� YWd_gk[ fWh Z[i 

jhW_j[c[dji j^[hc_gk[i Wffhefh_� i ]h}Y[ | bW fh� Y_f_jWj_ed Z[ f^Wi[i %ZkhY_ii[c[dj 

ijhkYjkhWb&+ >k \W_j Z[ b[kh fbWij_Y_j� ) b[kh j[dk[ | bW \Wj_]k[ f[kj fei[h Z[i fheXb�c[i [j _bi 

iedj Z[ fbki iekl[dj i[di_Xb[i | bW Yehhei_ed+ ?d\_d) b[i c� jWkn iedj [d ]� d� hWb Z[i cWj� h_Wkn 

bekhZi [j Z[di[ Y[ gk_ [ij fWh\e_i kd ^WdZ_YWf+

*(+(+( BVd ac`acZtetd UVd a`]i^scVd

E[i feboc�h[i iedj Yedij_jk� i Z[ cWYheceb� Ykb[i | igk[b[jj[ YelWb[dj) b_� [i [djh[ [bb[i 

fWh Z[i b_W_iedi \W_Xb[i %b_W_iedi Z[ OWd Z[h PWWbi ek b_W_iedi ^oZhe]�d[&+ E[khi fhefh_� j� i 

Z� f[dZ[dj \ehj[c[dj Zk Yecfehj[c[dj Z[ Y[i b_W_iedi \W_Xb[i) [j � lebk[dj Yedi_Z� hWXb[c[dj 

=_DA Q= [DRWFY=[\YDn +QZ =\YTS[ IFSFY=QDRDS[ \S H=K@QD RTC\QD CpFQ=Z[KAK[Fk D[ \SD QKRK[D

FQ=Z[KX\D Cp=\[=S[ WQ\Z H=K@QD X\pKQZ ZDYTS[ WTY[FZ > WQ\Z J=\[D [DRWFY=[\YDn +QZ ZDYTS[ CTSA

\WY_b[i | c[jjh[ [d \ehc[+ Cbi edj Wkii_ cWb]h�  b[kh Xedd[ Z� \ehcWX_b_j� ) kd[ Xedd[ h� i_ijWdY[ 

> Qp\Z\YDn +QZ ZTS[ H=AKQDZ > =ZZDR@QDY D[ TS[ \SD @TSSD [DS\D > Q= ATYYTZKTSn 'SHKSk AD ZTS[ CDZ

cWj� h_Wkn b� ][hi [j _bi f[kl[dj �jh[ jh�i Xed cWhY^� + 

*(+(,( BVd ac`acZtetd UVd TtcR^ZbfVd eVTY_ZbfVd

E[i Y� hWc_gk[i iedj YWhWYj� h_i� [i fWh Z[i b_W_iedi \ehj[i) Y[ gk_ i[ jhWZk_j ZWdi bW 

fhWj_gk[ fWh kd[ jh�i Xedd[ j[dk[ [d j[cf� hWjkh[ [j kd[ [nY[bb[dj[ h_]_Z_j�  � bWij_gk[+ EW 

\W_Xb[ j[dZWdY[ | bW fbWij_Y_j�  gk_ [d h� ikbj[ h[dZ Y[i cWj� h_Wkn \hW]_b[i) f[k j[dWY[i) f[k 

ZkYj_b[ik R=KZ DS YD_=SAJDk YFZKZ[=S[Z > Qp\Z\YDn %DZ R=[FYK=\a TS[ CD J=\[Z WTKS[Z CD H\ZKTS

[j kd[ Xedd[ h� i_ijWdY[ | bW Yehhei_ed+ E[i Y� hWc_gk[i j[Y^d_gk[i Z[ gkWb_j�  edj j[dZWdY[ | 

�jh[ Y^�h[i+
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*(+(-( BVd ac`acZtetd UVd ^RetcZRfh T`^a`dZeVd

E[i cWj� h_Wkn Yecfei_j[i iedj Z[i cWj� h_Wkn gk_ WiieY_[dj Z[kn ek fbki_[khi cWj_�h[i 

Z_\\� h[dj[i) WffWhj[dWdj fWh\e_i | / YbWii[i Z_ij_dYj[i) fekh eXj[d_h kd[ YecX_dW_ied Z[ 

fhefh_� j� i gk_ j_h[ WlWdjW][ Z[ Y^WYkd+ E[i fbki \h� gk[cc[dj kj_b_i� i iedj b[i Yecfei_j[i | 

cWjh_Y[ feboc�h[ [j | h[d\ehj \_Xh[kn gk_ fh� i[dj[dj Z[i fhefh_� j� i if� Y_\_gk[i 

[nY[fj_edd[bb[i ek Z_h[Yj_edd[bb[i+ E[i Yecfei_j[i Y� hWc_gk[,Y� hWc_gk[ gk_ iedj ce_di 

\hW]_b[i gk[ b[i Y� hWc_gk[i cWii_l[i iedj jh�i _dj� h[iiWdj[i fekh b[kh j[dk[ [d j[cf� hWjkh[) 

b[i Yecfei_j[i | cWjh_Y[ c� jWbb_gk[ [j h[d\ehj Y� hWc_gk[ edj fekh leYWj_ed Z[ j_h[h fWhj_ | bW 

\e_i Z[ bW ZkYj_b_j�  Z[i c� jWkn [j Z[ bW hW_Z[kh Zk h[d\ehj Y� hWc_gk[+ ?d\_d _b Yedl_[dj Z[ Y_j[h 

fekh c� ce_h[ b[i cWj� h_Wkn j[bi gk[ b[ Xe_i) b[i Y_c[dji [j X� jedi) b[i cekii[i feboc�h[i) 

Y� hWc_gk[i ek c� jWbb_gk[i) gk_ iedj � ]Wb[c[dj Z[i cWj� h_Wkn Yecfei_j[i+ 

+( <]RS`cReZ`_ Ve UtdZX_ReZ`_ UV ]R W`_eV

%#$# CZ_VcRZ

E[ c_d[hW_ Z[ \[h i[ jhekl[ ieki \ehc[ Z[ heY^[+ =[hjW_d[i [nfbe_jWj_edi iedj | Y_[b

T\_DY[k Cp=\[YD DZ[ ZT\[DYY=KSn -D RKSDY=K CD HDY DaKZ[D DS X\=[YD ATR@KS=KZTSZ WYKSAKW=QDZk

ie_[dj 7

* \[h(eno]�d[ %b[i enoZ[i&

* \[h( eno]�d[(^oZhe]�d[ %b[i ^oZhenoZ[i&
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 ?bb[ Yecc[dY[ jek`ekhi fWh kd[ b[jjh[ cW`kiYkb[+ E[i WY_[hi Z� i_]d� i fWh b[kh [cfbe_ 

SD WYFZDS[DS[ W=Z CD I=Y=S[KD Cp=W[K[\CD =\a [Y=K[DRDS[Z [JDYRKX\DZn
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Fig. 6. Processus de production � � � ,Aluminium
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