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18 mnD1f11J 2559 

b~~U .tlfi'lJ~m1J'll~'lh~'VI1U 
"J .: II II r:c: ., IV IJ :;

t'iil~ 'lIeJ'lJbb'il~bb~~~'lJ'H)':lfJrum~~ufl1bVl~m6'l'I.J'lJtltJilEJ'lfUfJrum~S040 T bb~::: 5050 T. . . 

~~~fl~:lJ1fl")a 'lJ'VIfl'J1:lJb~tl'lbVl~n T tVlEJ 'il'l.bilun Pi~'I'l1ij'llm lh:::ti1'lm1'lJ11!'11m~1JtEJti11?l'VI.. 

bdtl'l~1 tJ~~1'U3J1i1'ii'il?l'l«EJj;I il'lJt:111J1J1"i11 nVia1 ElVl'U1EJ ~ 1'U~ b~EJ1;Je:J'Il'Urm1;;bVI~ n L~'l.Jtim'i~1'1 b~£J1 n'lJl:J~ V1.nru'l'1n~1J. bVI~m5'U 

titJ?l~\:l'lJtl'lU1J~. 'VI1'V11 ?l~~('lh~b 'VI1'1~'VIEl) 1JibiJ'U~~EJ~ lut€lm?l;i'VI1.:lu~~'VI" ~~'lJtliffU.'il~~1EJ~~b~EJVI ~.:l;i 
U~~'V1 'VI1'V11. ?l~~ ('lJ~~b'VIl'l~'VItJ) lii1nVl (1JVl1'1f'U) ~~ij~mJtl·-;' "TSTH" vi1w,j1~fI1'lJfl1Jl'lu""m~e.JBI'lu.a:::n1~~l'Ilii1V1'U1El~'Ufl1. ~ 

bVl~m5'Ub"'~1Jfltl'Un~1'1 tVlEJiiu~';'VI1uLfl~El~biJ'Uh.:l.:l1Ue.J~V1 ~~LLti 

1. u~,;('V1 L'Yl~nriil6'l~1.:l?ltJ13J ,)111f1 ;~ii~v~er;h "uni'l" Vl~tl "SCSC" 

2. U~';'VI bB'U.Vl.beJ?l i'I~~n~'lJ ,)1111'1 (1JVl1'll'U) ~~ii~ElEier;h "b~uVibf)"''' V!~il "NTS'" 
.' . 

~1Un1~e.J~\Il ,ff.:l"'il\l'lJ~';'VIe.J~1'1.n1Ell9i1J1l'l~:ij1Ue.J~.V1j)'Q.I"VI'1?l1'Yln~~1J (1JEln.) 1'111J.yj~1Un\l1U1J1Vl~~1'UtJ~\ll.nru~ill'1"i1'\1lm~1.l.."... oQ' 

( 
"'" 0 ~".I ",3i'l1Jtl.) i'I·:mVlm:::'VI~1'1~1'1?l1Vlm'i1J mVI'UVI n'l')nu~:::m'i 1'l'l'U 

bVl~mi'U;;m)mJ 3J1Vl·Hl1'U'I1.:JFi''UI:.J~V1llru''il\l1i'11'Ylm'i'-J usn 24-2548 
~ . 

b'Yl~mi'Un""1J 1J11'1~fl'UU.:lfi''lIe.Jg;l'lJi'ru't1~l'1i'11'Yln~'i1.l usn. 20-2543
 

;;;1'Yli''lIbV!~m5'U'ii'vei'tlEJvi'lJ%''VIe.JaI'11uu'J~'I1'U
.u~';'VI~1bij'Unm.Ji!\l'l~1Elm~1J1~Temp Core Process VI~V Thermal Mechanical 

Treatment IT.M.T) tl'lm~3Je.Ji:il'1vf~bb~tl 'Vu'1.2528 bi~h.l~'U1J1 ~'11'U uon 24-25481'U~1oiiml'J~eJ'I'\Il1J1Elu.~:::i1~1n1~ri1'YluI'IHlmMqj~m:rnJ 

"T" 'l.h~Vi'UbU'U~1~'Um1'iU'Ubi1'mVl~ n uae1'Uth EJ~Ul'11~1'Yl-r'lJbVl~n.yje.J1'Um'i1J1~~'In~11~'1fH'h1\~11~'liri'1'~'1.yjij bb~ ~hii1«qj~n~ru 
~'In~11ilttl'Uoff'Ufi rui11'i'lb~cnn'U1 'Ubb~~~.g'Uflrum'l'l;r'U., rl1U'lJeJ.:l~ ru?l1J'I1~1?l1'l b~m tl~El'lJb V1EJ'lI'a~Vl11'1b '\Il~fi b5uiJmtilElvtl).]~1'Um~'lJTI.ln1~v , • I '~ • 

bbfl~~1'Um~U1Um~~'Imh1i1er;hhJijI'l113Jbbl'1nj;h.:lI1'U1'Un1~1;;'I1'U 1~EJvi1u?l;:.n~t:1i'ln~'~1EJa~biiEJl'lb~1JL~1.l\~'J1nu'VIfI111.lb~·fl\l "?l3J'lJ1l 

'lJeJ.:IbVl~mj'ilei'BtJ~e.J~l'le.h\.lm'i1J1fiYmI'J111.l~ilU S040T uae S050r (1'l11Jb8n?l1~bLuU) b'1ltJ'U1~w 'i1'l.bB'Un ~~~1'n'lJm ~'i::ti1Ui'l1'lJ1 
. . ./ . 

1!'11m'11JttJii11?l'VI. bbfl::: tl~::ii1U1J1~~li1'UN~l'1llru'l1ilWmVlm11Jb'\ll~m~'Ubfl~1Jl'lil'lin'ij;\ (m.9) 6'l1JEl. 'j1El~~be·EJ~tI~~nil'lJ~1EJl:'i1U'IJ9~m~ . 
J 1" • 

1oI~I'1,m'i~m VI~n bft'Utn1~~f11A.:J,FI111.l'VI'UVJ1'Uriil1~,bLfl:::;;mfl'Uilbbue1'Ufi1~libVI~n'llil6eJtJ.yj~1'Um~3J1fi'VI1.:1Fl111.l-rmi 

'\Il,r'l~ElOUU'd'~V1'Vi1:ff'Ub~Bl'1-1bn{;lflI11Jb;J11"iIt:1n~il"I'1<,j'ln'l.l~:::vd1~vi1\.l bbfl::'lJ~';'VI"l <,j11J(i.:J'lJ~';'VI1 'UbfJ~9 on --rei1J~I1EJi'U'1eJ'If.J~ flllru't1 . v . 

bba:::u~nWlltl'lU~~'VI1'Ubf1~il 11vi1'U'J~Mi''lI(:.J~j;\.nru"vtI.~1J11'1~i\i1'UB~1''''iJ1 bi'l3JB . . . 
, Yi'1CJii''VI1'1'l1~';'VI' 1bfl~'lJ7';'VI1ubfi~ElVl1"btlU€lEi1'1~,d1 "iI:::~~i'um~fl'li'lJ",u'Ut.Ji1j;\nru.n Lb~~U~m1fl1EJ~hl1n;'h'U bum'li'U.yj~1'U~1 . . , . 

bb~~'lItl'lJtl'llfJ(lJ3J1 ru lvfl1?l'if 

. ~ '" 
'lJmbt'l~'I1'l111J'U'lIt:1El 

'lI7~'VI 'VI1'V11 ?l~~ (tl~:::b'VIf'l1'V1El) ~1nl'l (1JVl1'lJU) 

.~/ 

,('U1El'li'm\Jgj3J '4fYfY1'41Vl'i) 

~'lbCJn~'j3Jn1<,j~~I'If11~l'\1lq1 .. f11~j;\a11'1u.ft~n1~'iJ1El 
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r 1'fl'lJnl6nnl'i'l'\.l'i~'lJ'Jl E TIlf{iJ/1l1v'i'mnl1l1/2552 

hV~~l1i'1'i1ttl (iTtn1.1'U(0nfll1\llfltllt1tlefl) i''lJ~ ~ll 10:337 ' ,1u~ 26 fUt 2559 ~il~ .'10~ll'5Oj 
f8~ '\IfJ~t(1\\:Iln;~iTI,'i'~lfJ:tililiWfftrt\'i(~'~nl'lu<b'i)-6'tlr),fllfJtulllYfSD40T U'fl:l: SO'SOT 
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,: ... 

t'El'lJn MV'l1ihlnS' 

S''El~1''l1~U1YlCol1S'6 Il1fl~'Il11JI"l'lm1)JLtlfj1 ~"lfj.
 

mS')Jn11"lS'S't!1U:S'N tt~~'El~nS'S')Jn1j'~1(;lS'~1'lJn1S'tJS':::n'ElU~'1l1~V'l ~Il1~f'!'lm
 

1.JS':::fj1'lJ)J1m~1~~~V1fiN'i'l'flUl~1V1mS')Jm~m~'lJtM)Jfl'El'lJnT(;l (m.9) i'!)J'El.

..w 'I. 

tlj':::fj1'lJ~1~1~Mm1)JLtJfj1'lt1'Yl. 

LVI~n;r'El'fl'fltJ1'lJif"l,,r'lJLtI'lJf.l~UI.nN"~V1t11V1m1)J~Lij'lJttlUl1)J)J1mj1'lJU-3l'iU uan. 24-2548 ~~lMum1 

tlfutll~"l1n)J1U1S'j1'lJf.l~UI.nN'l1'ilj;1~1'\-lnS'S')JL'l-l~m~'lJL~1)Jfl'fl'lJn1U1: LVI~kl'ii'fl'fl'ElEJ ~ )J'fIn.24-2536 f:'l1S':::~11'1'kl 

1.1 1::;n1S'",rl~'iI'il-3 m S'Ltl ~t1'\JLLtl~~)J1 UlS'31'lJ'iI'a~ L\II~noiifl'fl'iltJ1'lJflf~U 'let(urim1'El~CJJ1111 'l~;j n1S' f.J~V1 LV1~ nii 'fI tl'iluLl1ltJ ~1'lJ 

nmJiifiVl1~f'l'l1)J~'1)'lJ (heat treatment rebar V11'1l tempcored rebar) tl1ltln1V1'lJVli~~e..I~j;1~'El~9I1lVi1Ll'i1t1~V1)J1EJ 
.J "" ~ '''x _.. .1 -.l'l _ of GI w ::. .J "" Ji w::'GI GI"

V1LVI~n'1l'El'1l'El~1bUlEJ b'D'rI'klM1:tN "T" 11l~'lJ'lJLVI~n'jJ'flL1S':::V1UL1J'lJUI'l\i'lJt11'l1U'lJL'lJ'ElL'l-l~nUl1)JVlfN'1l'lJ"lNJ11'V1'VlCJ~V111'lJ

'fl'i.ltJ~f.l~W1;r,)£Jn11)J1jfiU1'lJi'lJ~NJ11'l'l 5040 LLi'l::: 5050 t:l~tl11n!J~cy~m:rcllPi'l~'lJLi1'lJ 5040T LL~::: 50S0T 

Ul1)J~1~u lif~~n1'l-l'lJUll')Ul1)J;r'El7.1 1'lJ'l-l)J'l11l'lJ'1)~ Lfli'il~V1)J1mLi'l:::'il~1n'il'1Hl)J1U11j1'lJ,r~l'lU'aU1J ~~mh'l 

J11t1V1~~"l1n'il'lCJJ1(;l1~f.lilUlm~n;r'El~'EltJm)J)J1U1S'j1'lJdLrl'EltJ 'VI.f'!. 2548 "l'lJti~i1"l~,r'lJ ~f.lf\Ul2'l'l'lJ1"'cYt;r 

tlfu)J1'lojji)fin11e..1~W1L\IIilinii'f)r8'il£J;('ltJnS'1)JiJfil'l'l1)J~'1l'lJ~\!i'lJvh1~LVlilinii'El~'Eltln11f.1~Ul1'lJ{'lJ"lN1l1'Vl 5040 LL~::: 

5050 ~tl11f'l"l1n~'l\i'lJ'tlmtS'"T" iiill-)J1Ni.!'fIti m1Yl"l1S'Cl.n~~oJi''Elri1'\-l'\Jl'l1'lJS'1tJmruS':::ntJuLL1J1J (specification) ~ 

S':;1Ji'lJ"lNJ11'VlHLtI'lJLyjtJ~ 5040 LLfl::: 5050 ~-3Li1'lJUt1iVl1;(1'lJm1tJfl)Jfu"l1m~1'l1'il~tI'lNm1i~2'l'l'lJ11'1lmS'LLi'l::: 

L'iln'll'lJ~L~mcjf'El~ ~~ 1 ~mS'S':;1J'tlm:t1 "T" Li~h.!LyjtJ~';h1~m;r'Vl:i'11Jii~nmJ~fimS'CJflUlLYi1t1'lJ 'la.l'l;(LlI'lJ-E''lJfltl.l1l1."
• v • 

'lJ'iI~L'\-l~n;r'1ltl'ilmL~flt.h~1", ~~;i§jtl1:;L~'lJ1'lJ;r'ilfl~~£JtlS':;n~1Jttlph£l n1m'ilL'\-l~m~'\J (bar splices) t"'£ln11L~'El3J 

'lvJfl1 (welding) V1:'il m,..,hnfltl'lL~'Elvh;rtJiil'flVl1~n~ (mechanical coupler) n11~V1tPl~ (bending) LLi'l:::f1'l12J 

V1'lJYI1'\J~tl'lvJ (fire resistance) 

1. n1'i~iiililLVI;m"'Utl'l!Jn'i'i~~fift·in3./iil'l.! 
" .J "" "'~nn11eJ~ ~ ~Li'l~O]'lJWI'fl'lJm 1f.l~ V1 L'l-l~niier8'ilt.lVl ~1'lJn 112J~fiVl1~ l'l'l12J1'a'lJt!'\J "l::L13.l ~'lJ~'ltJ n1:::U'l'lJm11111 

1'fJ'lJL'l!'I.!L~mri1JLVI~n..ufl-a'ElEJtln@i te;,W11tJVI~~Col1nm1111l:'f)'lJLLvl'lJ~Ulvr1t1~'I111~L'l-lilinii'il~'iltlil~'lJ1I1lWl1)J)J1W11j1'lJ 

e..Ifl~firu'i'l'el1'lt'l1~nS'S'2JLL~'l LVI~n L~'lJ~~ni'l1'J":;th'lJn 1:;1I'l'lJn1S''I11'l~LtJ'lJL@)tJ n1S'~iJlt'l Ltl1fr~1 LVI~n L~'lJ"l:;Lnl1lm 1 

Lij'lJ~'l L7'lnrS,mS'LtJ'lJ'l'lJ'il1n1Pltlnfi "l'lJ'l~n1S'LU'lJr;i'J~L"'2J1:::g\)J~'fI LL~'l~.:J'l-ltJ am1iilflt'l Ltl1tr~1 Ll'lNt'l~1~'lJ'El~ L~~mt\''lJ. 
1I1L'lru'JJ'EluPi'1'lJ'lJ'iln~tlfl'lJ~1~~Ln"'Ltl~tl'lJL~'I.1~~~il'lJLvJ~~~f'l,)1)J((Jfj~~~ 1'lJ'JJN::VILI'lNf:'l~1~uiL'lN1"ln~1~~'B~L",~nLi\''lJ 

v 

"l:;6\!fI~ill'lrj1~~'fJ'lJ'El~LL~:;€~hjLnUlmS'Ltl~tI'lmoJ~ 1J1~,)NLLn'lJn~1~'lJ'fJ~L".ilm~'Un':::~)JLtj'lJr;i'l1'lJU11EJ1mf'! .LL~:;LLti 

f'l'l1)J1a'\J"l1n~1'\.J1'lJ'il'fJnm1JiL'lNih'lJ'f)~L~~n..u'il-a'6t1 ;('ltJl'lrJ1)Jffi'lJtil"n~1'l~~'I1"l~Lnl1lnS':;1J'l'lJm1'6111'l~1t1 

1'l'l11.1L"'i1tJ~'ll'f)~tflNt'l11~1J1L'lMI'El1J'lJ'1l~L'IiI~nLi\''lJ~;jfl'l12JLL~.:I 1'lJ'lIt\.l:;~tI'lNt'lr1-31Ji~'lNLLn'IJnl:'l1\!'lI'MLVI~n~i\''lJi1''l::: 



"

G'... CI. A " ",J 4 11" Ci' ... JQ..,.:lit. .J" .....c Ci' 11 J.... A ~ I 

bUU~I)"Ut1.:J'flru"'JJ~·W[)-l bb~~Vl1U'Vlq~".:J blilbVl~nbri'U'Vl3-Jt'l3-J1JL'I'Vl'Nn~l'113-J'Vl(91tl.:Jn'l1 bb~::b:i'UnL"'flnb¥'l'U'Vlf.l~L'I'JlU~'UI)1 

dJu "TEMP-CORE" ~.:Jbb~IIl.:J[i.:Jm13-J~fi~vh1.~Ltl'l.l~t;)'ilti1.:J:i't;)liIb1t;)1J1Lt;)N'lItl'ULL~::~'Ul'l~1tll'll)13-Jbl'l1uliIVlnfl1.:Jn'l:i'LL~ 

1'll)13-J1~'U"l1mLn'Un~1.:Jtl~n3-J1{ihuutln {liIbilum13-J~'r11.:J1'll)13-J~'flU (Heat Treatment) l.l:i'::Ln'I'l",ri.:J· Jrl)U 

n1::'UI)Un'l:i'~~Vl~.:J~mht;)2J1ti' vh1.m~~~l'1J1tw"'~djubVl~m~'l.l~iin'l:i'b~~fi11PJ C LL~:: Mn ~'iJ'fl~m~1n'l:i'CJ~W1b",~n-ntl• 
i'flU~I) Un'lW,.:JbbPi.:JVl1-l bl'liltJm~ tlllU~L",~n-ntl~'fluti.:Jil~3-J'I.irlVl1.:Jn~~.:J bbfl::l'll)1~ bVli1m~bvh'UJr1'l.lFll)1~Lb~.:JuN 

... ~ '1a: c;"JA ...... "Q a; oJ I fl.:!i
L'VlU2JnU tltl1.:J :i'nWl1~LVlflmt'lt.!'Vll:JfllPJ"l1nn1:n.J'.lfi'Vl1.:Jl'll)11.J:i'tlU"l::1.J1'll)1~Lb'JI.:JLbN2J1n'Vl'll'fl'U3-J1nm1bLnu ~U "l.:Jl'l'.l:i' 

VI~nL~U.:Jn'lmft.:J",ffi~IIl'JIU1~b",~n'fl~1.:J~1nn'fl'l.lU11tJH.:J1U 

2. n1~IJi'2lLVlifmft\.l 

l'113-J~1(;l:i'S1U~1V1fu'fl11'l1:i'l'l'flun1;tbfl1)JLVI~n LVIU'iifiri1fl.:J I)~'Vl.I008-38 [3) ;r~ 4513 tlttt1J111l1~vi1n'l:i' 

V111JL'VI~n (lapped splice) 'tJrl~~1::LVI~m~u~ii'llu1I1lL~U~1U~uernfl1.:Jl,jLlJln~1 36 )J~. ~.:J'VI1m'VI~m~t.!ii'ilU111l 

i[;m~1~lhVlullll')~'fl.:Jlhn1:i'lJitlbVl~m«u(ihun'l:i'[;J'flb~tl3-J(welding) ",1'fln'l:i'H-n'fl~tl'Vl1.:Jn~ (mechanical coupler) 

~.:Jtl1"liltJfln:i'::'V11JLVlU(91:i'~Vl1nHbVl~n-n'fltif'flU~~1Un1:i'3-J~ti'Vl1.:J1'l'.l1a.i~u 

,d G'..,,,.el, ~ "( S)2.1 m:i'ii!tlb"1Itl~'lItl.:JbVl~D'lI'fl'fltlU'Vl~1UM1.IJI)fi'Vl1.:JFlI)13-J~USD40TLb~:: DSOT 

" "" .J. -" ~" tJ.d .1 ~ "b'VIfln'JJtltltlUvU:.J1un:i':i'~I)fi'Vl1.:Jl'll)1m'flU 8040 T bbfl:; S050T "l::~"1Im:i'L flUt.!bbllfl.:J U'lNfl:i'1.:j"jfl111 l'l'lltH 

.. ~ cI" oJ": '" ~ "X ..: ~ .k " ... ~"cI.I .1
bVlfln1l1£lVlfl.:jm1:i'V1:i''flUL'ritlb~ 3-JFlI)1~bb'll.:J U.N bUb'VIflm'ClUU'VlUn1:i'L'ri~fi1lPl tJfl3-J£N ~UbUtlbVlfln 'N'Vl1 ~VI~¥'II)'l.llJ:i'::n'il1J 

'Vl1.:JLl'lii ~1~LLri Carbon useManganese ~1ntj1bVl~n;r'ilitlU SD40 Lb~~ S050 ~.:jlUn1:i'b~'fl~L'L-l~n~ilFi1l'l1futlU 
cI • 't" I ~ '1Jt I co oJ,.". J dli 0 1."0 I

L'V1£l'Ub'Vl1 (carbon equivalent (CE) IIlLbn %C+% Mn/6) ~.:J "'l::Vl1m:i'b"1l'il)J bl'ltJ1nm1bVl~n'Vl~l'l1 CE 1111 "l.:J'r11 'l-I 

b'L-lflnirtli'il£l 8D40T Uti:: 8D50T 1I1~1:i'ClU1hJH'l.u~1uL~'em1Jriln~1bV1~n;r'tlitl£l8040 Ufl:: 8050 flth.:j't~rim~b~'fJ 
,q.J " .dl .. ""..J. 0=.'" ""~ d a",q I ''''''o&:aI

Vlfln b~ tJ.:jn11LLUln:i'1t;)'lI tl.:J1'flU L'll~~1.'l.lbVItin'll'fl esU'Vl1:J1un1:i'~'.lfi'Vl1.:Jm1~ :i''flU'Jl~~uL'll~~ bUU(;ll)bfirrnnlnl'U'fltl'l.l"l.:J ~ 

1'11)1~ L~u.:Jvi'il m:i'Lntl~~'fltl;11)'lJU1I1lL 'VI~n ~.:jfl'Jr~~11N1~1L ilUnl1i1'fl~ nu~V1EJ n11ti)J-ff.:j"u'lll).:jritlU"~l'lt;)1 ~1tlU {pre- . 
~ .. ; oJ
 

heat) Lbfl~VI~.:J"I1mfl1"lrlUn11L'Jl'em (post-heat)
 

.lf~ oJ .. ~ • ~ .I.k.~... oJ.... oJ " ~ oJ 
U'fln"'l1nU ~Un11b'Ji'fl~LVlflnUUn1fl.:J'lI'fl.:J1tlm'lltl3-J"l::'lIutleJn1J"lI"\JVlf\'J~b'lltl)JI)fimn'll'il~ fll)1~b:i'I) bUn11b'lltl~.. 

lid i.I"''' .d.J • " ..... ... d
1'lt;)1~fl1~11Cl'lJtl.:J';fL'lltl)J V1t1lJnj;]I'lt;)1)JLt'll.:jbbN"tl.:J'IIl'Vlb'll'il~"::~.:jm1fl'J1~Lb'll.:JbbN'lI'fl.:JLVlf\nblil~~1n tlULU'il.:J~1"l1n 

ICI "... A l<:Io ...J..J.J "Cl" G .J I II' _ .J 0 ..J 
Lfl'fln b'll~'J~WJl'fJ~ Ufl::~1:i'LUl~ 'Vlb~tlb'Jl'fl3-JU.fll)"l:; LVlm1~Lb'l),:jbbN'lI'tl.:J:i"fltlL'Jl'fl~~,:jm1lVl~nL~~ i~m~'tl'Vl1n1:i'b'll'fl~ fl'.lfl 

.J .... J' co ~ 0 Cl ..\41 ... .J cJ Cit - I.N G' to '" .J AI" 0 

b'lltl~o;::Vlfl'fl3Jfl:::~1U:i'I))Jn'Ub'l.ltlLVlflnLlPl)J 'V11 bVIbfl:i''elUL'lltl~'VlLL'lI.:ju.Nm1LUtlLVI~n'V1.:J~~..:I'lJ1.:j 'lI.:jPlNnU'JI'flm'l-l'l.lIll1l'el.:J 

t;)fl'Vl.l008-38 -n'fl 4513 {PI) 3 ~~::1.Jtj1n1:i'j;j'flL~'fl)Jtlrl1.:J~~\!rnr~'el.:J~'fl'llU (butt joint) ~.:jUi'l~.:j"UZtJ~ 1 Ufl::L~'fl~ 

b~'fl"~~1)J1:i'Clfu bLN ~.:J'fJcl1.:JUtlU;:tlEJfl:: 125 'lItl.:Jih~.:jl"l:i'1nd::1J'lI'fl,:jtVl~mfluJu~,:j~1 Liju~~'fl.:JVi1m:i''Vllllfltl1Jri1fl.:J• 
~.. oJ 1.'<'1 J( .d ~.I< ... , " " .
ruU.NIil.:J'lItl.:j:i''flm''1ltl~ VILI'lli11~'Vl:i'::1J, b'dVl.:jni<l1'J'lJ1.:JI1IUIil'.lU 



45"-llO' 

~ ,..... 

~ "" ...I,.. "" J, ~... "( 0 \I 
TLL~:: 5050TI2.2 m1~'ll'll'tlVltlVl1~n'(lL'YltlIMlL'\.l'(ln'll'1l'Btlt/Vl~TIJnn3J'JfiVl1..:JM1~:i''6'W5D4

"l1nl'l'J1~LoiI11~'lI'fl..:J~ojf..:J1'WL'\.ll!ln'iftl~'BEJ~thlJnmjijfiYl1..:JI'I'J13J''1l'IJ~Y/1J~11'1'J1~bL~..:JLL1..:J'lJ'1l..:JL'\.l~niitl~tlt/ 

lIl1~i'WI'lN.n1l'1~tNH..:J1'IJLIii3JVlihlli~'lJ'B..:JL'\.l~n L~'IJ L'\.l~n L~U~ ~1'IJm1fllll'll'IJ1l'l LIIIEJmmft..:J"'l:;SjtJflv111oX1.clfri1~..:J L'Yh nll 

rhi\'..:J'lItl..:J LVl~n ~1'Wn'(l1"'.n1tJ1u~'fl1'i;jn1i..:J~~1n~1 LLIii"'l1nLVlflL'IJL~Ei LLfl::m:i'fi1'IJ'JM~'tlVl1:i':::t/::Ln~m i'IJ~~Iil~v11 
~, " .... .. ... J ~ " ~ ~ '];J ~ '" • ~ ..I.... I 
~'\.l:i':::1111LnflU'J3J 1'I'J1~LL 'lI..:J LLNL'YlEJ..:J'YltlVl'i:: \'ll"'1U ~lIItJ L~LnI1l WJ1~Lg<ltI'\.l1tJ"'l1n LL:i'..:J 1i11..:J 1 LIilEJ"'l:::'Yl"'l1:i'Cl.l1"'l1nmlil..:JVl:i'tl 

1'I'J1~LL~"'bLN'lItl..:J'@lj;j'1l f'i11"1'J1~LLi"'LLNLLfl:::~hri1~..:J~"''lItl''''V1liitl~1-D;r'flIJi'fl'''l:::~u'a~rl1J'lI'lJ1P1'l1'1l'''Ln~U'J 1"I'J1~LL;..:JLLN ' 

f:S .r..J " Ci .,.d. .e!lI I I d •... a
'1l'6"'LVl'(lnii'6~'fltl 'Yl\,lVlVl'IJ1lillil'1lt}"'L"'lilnL~'l.!1\,ln11:i'UUNIII"'LLlil:mNL'U'fl'IJlil'tl'\.l\,l'Jt/fl'J1~£J1'J'lItl..:JLnflmL'\.llilnL~'W
 

1\,lif"l.,l1\,lLYlflL\,lLlilEin1:i'Iii'BL"'~nL~1~LI1lt/;r'flIJi'flVl1..,nlil~1@l'ful'l'J1~Um.JL@l'LLI; 1:::1J1I soft cold forging ~..:J
 
."l .t ""I .. d. l ; • ~ "... ~ .1 .. 't" "" • ~.I • ... d .r ..,f~

LU\,ln1:i''lI\,l~uLEJ\,lVlulil1t/'n\,l'''1\,l'Vl1 LVl~'1l\,l1I'1Lt'l\,l1'l1\,l~\,lEJnlil1..:J '\.ltyn'J1LIII~ n'tl\,l'i::\,l1 LuVl1Lnflm L'Yl'fl'llI1lL'DElYi\,lVl ~\,l 

m1f1JLLN~~'YL~t/1u"1nn1, ..·hnfltl'J ~..:J,r\,lhj~1'i::LiI\,lLVl~n8040 8050 ",re 8040T 8050T ~"'~13-111C1Hm:i' 

L;1'fl~J1I'1lLP1uii'1lIii'tl'Vl1..,nflLm~tJl)jn~flm:::Vl1Jn1J'B..:Jf'1'fl1rl11'ViffiLflN~11"''1l1fl11~..:J;in111ii'tlm~nLM~U~'fl..:J1.I!j1J~IIl1U 

ii'fl n1Vl\,lI1l'll'1l..:J 'JflVl.1008-38 ;J'f) 4513 (1"1) 4 ~:i':::1l~1m:i'IJi'flLultJl-liii'flIii'ElVl1..,nfl'flU1..:Jfl~\l1nr~'1l..:J~1~1mf1JLLN~..:J 

",1'1lLL'Nre)!1I'flU1"'U'ilElmtllil::: 125 'lit}..,ri 1~..:J 1'111n1::lj'll'1l"""'@n L«'IJ,r'IJ~..:J41bij'IJ~@l'tl"v11 rn:i'VlIII~'tl1J rhlr..,fu LLN~"'lI'fl" 
• ~,'<'I" J ~ "% ' " "Jt ..J ~ 1tltllil'EI 1"'111l1i11~'VI1:::11 l'JI"/..,nlil1'J'lI1..:J1i1\,lI"I'JUL"n\,ln\,l 

3. m'i'AliltA~ 

n11t1ililmflm~\,lL~'flvhLiI'IJ'lJ'fl"fl1J1lil131\,liufl'J'lJtl~1!1'1l'fl..:JLVl~nL~·hlt~'fl1ojfi.r..:J~11l1'IJ1"I'a\,ln1U1~1",f1Jf.l1f'l11 

fl'El\,ln1lilL~11JL'\.l~n 'J~'VI.1008-38 ;[1) 3403 (n) n1"'\.l!1I'i1P1tl..:Jtfi'fic;i'IIILU'IJ (cold bend) t'Yh,t'IJ LLfl~'lI\,l1~'lItNL~U 

rJ1\,l~\,l6n'(l1..:J~L'~n~~'lJ'1l"'J",Lff..:J~c;i'li\~1~ 'J~'VI.1008-38 rift! 3402 LM1"'\,lli\L~\,l~1\,l~'IJ6nfl1..:JL~n~liI'lJtNm:i'c;i'(;lLiI\,l 

6 L'Yh 8 L'Yh LL~::: 10 Lyj1'1ltl..:J'~\,ltJ1\,l~\,ltlml1..:JLVli&m~\,l~;j'll\,l11il6-25 ~~. 28-36 1J'-l. Ltfl:: 44-57 ~~. {;)11J~1c;i'1J 
... ~, .,J. ~". ~ ~ ~~ .,J ~ d" ~ 

Ltt'l~1J'lJ\,l1li\lliInfJ1'V1nTIII\,l1il L'J~1"'11Jmffili\~'c)lJm1li\~ ~rl..:J (cold bend test) 'VI1::~ 1\,ll?11:i'1..:J'VI 9 'lJ'tl 9.6 ru 3.J'Eln.24

2548 ;"'~1nmrnlil~'tI1Jn11~l'Itff..:Jm1J;r'fln1Vl\,l~'Jl'El..:J3.Jfln.24-2548 LLf;\''J ~1~1mHdj'IJ..:J1\,lt~~nL~13.Jl'lfl\,ln11i11@l' 
'1lU1..:JUliltllil.rlt/ 



1Jtln"'i1mr1J~1'I~fun'l~rhl~t.l~~'fltJl?i'tlfie~h:l'lJe~'fl~fl'il1P111fl'ilt.ln~rfIL~;-~b~~n ,)~'Vl. 1008-38oil'il 3403 

('1J) tJ~~'ulhll~~n1~~Pltlfl1EJb'l-l~nb~t.l;h~~tl:.JfI"'i1nl'ltlt.ln1(;ltt.l~ t.l'iln"'i1n"'i::Lb~~~1-n1Jbb1J1J'l-11tliil'l')n~'fl'tqj1(;lLilt.l 

nnl1YiLI'll:t 

4. fl':l12J'VIU'VI11JlPiil\-n (fire resistance) 
Q,., ,J. ~ J 0.., G"..!f...J. Q,oe::I ", 

~'iN11J'J"ltJ'iI'fl~ R.Felicetti [7] i'IY11n1~rJnl:t1L'Vl'il'l_11n1'iN'IJ'il~b'IH'lm;i1Ji'l1:J11Jn~1~,)fii'l1~P1'J1).J1'fl1J (temped 

core rebar) bmtJ1JbYitJ1Jn1JL~~mtK1J~I:J~~"'i1m~~nn~1pnf1J'fl1J (carbon steel rebar) LlYltJU1\U'fl1J ru tltU'l_1J;ji) 

l'i1~ 1 Lbfl::U'i'i'f)t'.J1~Lii1J~'J "'i1n'!1J~~mvnn1~l'Ii'l'il1JbLN~~ \~CJ@'Vl~~'fl1.J~,:jLL~~,:jl1JlU~ 3 

700 [MPa] 

7llO'C 

2QO'C 

600
 

500
 

""! 400 

III	 300 

200 
fy;;496 MPa 

100 

BSO'C 

-20'C 
-20O"C 
-400"C 
-55O'C 
-7OO'C 
-85O'C 

O+----,..-----,-------,,....--------r---' 
0% 10% 20% 30% 40% 

straIn (%J 

.- -- ~_ .... 
800 

._._.______200·C(MPaJ 
2O'C700 4DO'C 

_	 8SO'C.
GOO 

~'C~ 
500 

)400 
(/I 

300 

200 
fy =427MPa100 

0 

-20'C 
-2QO'C 
-401rC 
-55!l°C 
-700'C 
-oscrc 

0% 5% 10% 15% 20% 25% 

Strain l%J 

1:Jt'ln1~P\n'l:t1'Vl1.J~1~'fltU'l_1J;jij 700°C LLfl:; 850°C ri1i\'-:l~~'iI'il~L~flm~hl'vr~2 tl:::IJ1i'1 "l:;fl~fl~l-I1mrlmVltl1.J 
600'0..,.:1 to., G'JI.:1.,q.....Q 

n1.Jn1fl~i'I~ru'l_11J).J 20°C IIltJmfl~fl'1n'il'il~LWNm;it.li'l~11Jm'~'Jfifl'J1m'fl1J MPa L'l_1~'fl'l.!'::l-I1ruEl::@Iil'M"l1n 496 

300 MPa ~'f.lru'l-11Jij 850°C	 427 MPa L~illfltl'Jt.lihi\'~fl~1n'il'fl.:lL'l_1~m~1Jl:_Jfll?1"'i1m'l_1~nn~1fl1flJ'fl1J"l:;fl~'iWI1n

mailto:CJ@'Vl~~'fl1.J~,:jLL~~,:jl1JlU


• I ..I A ..l _... ~ ..... a.!l::' • I ., ..I 8500C
ur:3.J1tu 320 MPa 'V1~OJ'"f,J3.l 850°C 'll.:l~1n.:l1\'\'ll;jtl\,\"l:~1J'l1n1fb'l'tltl.:lIVl~m'Cl\'\'VHl.'Zl'tl.:lu1:;Ul'VlV1I:HQn'iJ1J'Vl 

~d1ri1i.:lfl:i'1nf\~~.:Ii'"~tltl:i':;3.l1rn 300-350 MPa ~.:IiJl"1'l13.lLi(;lntJi1.:1~1\'\~3.lUiln1dflJlIN~.:IL3.bJ1n'tlti1.:1lJ'i!tJ~11'i't1J 
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E1evoted Temperat\l1'O! ('C)
 

"l1nitl~ 4 iil\'\n"1vl~II~~.:If'I'l13.li3.l~\'\fir::,"~1.:1ri1i.:l~.:I1Jtl.:lI,"~n;r'Clil'tltJ1l~:;fl'l~tfl~liN (prestressing 
I . I 0 .., d 

wire) ri1i~~.:I3.l1nVi~~1?1"l1nm:;1J'lWn1'fl~'1I\'\1f1~.:ILti\,\ (cold drawn) OJ ~rnwJ;Jj;h~ 1 fi\::'Yl1J~1 fl1n1~~~~'1Itl~ 

1,"~nii'elii'tltl"l::~~fl~1il13.l'elrnVlll;J~<'l~~\,\ Uf\::"l:(j).J~fl~Ntltl1.:1U1n~'elrn,"11;Jtl1::3.l1rn 400 °c 'l\'\1Jrn::~ihi.:l'llIM 
" .. " " 'II 

fl'l{Mi~LIN "l:;fl~fl.:lur.:llllPiT,Jrn,"f,Jil 200 -300 °c l1i~J\'\IVl~m'Zl13.li'ltl\'\n11?1~.:Iil~3J1J~fl'l1).J'V1\'\'Vl1wj;jtl1yJLtil~n~1fl'J~ 

tfl~llN 

d. ".!I 1.!1 - • ... ........ ( . ) ... .1
13.l'tl'l.l1IVlMln\'\).J1 ~Dlt'l').Jn1~N'1I'tl~f'I'tl\'\mlilllfl:;).Jr:;tJ::l1).J concrete covenng 'tlm~I'YltJ.:I~'tl1il1).Ju':;Ul'V1 

'1I'tl~'1l.:l"''el1f'11d~~tl'1n!l'fl~''\'\ 'l'Zl'Vl. 1008·38 ii'tl 3407 Ll~'l "l:iitfl(j)11n1r'VlW'Vl1wlPi'tl'Zl111'YlIL'l~~'tl).JIVltJ.:I'Yl'1l1Lfl::Vl1n 
.. • rl ..I... • ~ •.I I' ~... ~...... ... ~.l ~ • 1.,J.
).Jf'I'l1),J"i1IlJ\'\'VI(;1'e1.:1n1'~).J"Cl'IJ::(j)'EJn1d'V1l.lLll L~n1Vl\'\l9l La.l(;l1'l1fl1'V1mWU~'l'Zl'V1. 1008-38 '1I'tl 3407 ('11) L,"3.l:r::t1::~).J 

~t'ltl1J'Vl'jjtV~IM£I'ln1J'f11f'11' ~~'Zlt1~I'1~'fl.:ln1Jn!ln'::'V1',;)'l'il'jj1J~ 60 (VU'l. 2549) [4] tl'tlnV11).JPl'l1),J"\'\~':::'1"JlUCY'lJ1i 
.10 II ~ -J... et 0 .., ~ fi\ ~'"!Co A II 

1'1'l1Jf'l).J'fl11'111 ~.1'l.2522 'VIn1Vl\'\~Fl'l1).J~U1\'\'e1t1~f1'11'fl~l'1tl\'\ndl1l'V1~),JI,"flmM).Jt'l1~rulll'lfl:"Jl\'\~'1I'M~flNt'l'1.:1itl1 ~'l 

1'll\,\ lfl1,"1'flPl1\'\fi'tl~il,:;t1::~).J 40 ),J).J. l~tlvh'lmf1Nfl11.:1Vl~nri.:lmh'liJtflm1n1ffiU1~1~tI'IJ'1lrm~1 fl13Ji'lL).J~ 
.. I A' .,J...... .1I.1'" .J "........ ~ ..I~!!'I .... , ~ I'


~r'flLL~UYi'l.l'Vll?1tl~).J'::£I::l'l).JtltJ1~\'\'Cltl 20 m-l. lYitl ,").J'tl~d1n1r'Vl\'\m Ll9l L3.l\,\tl£lnIJ1'Zl'tl.:l"Jl'l L).J.:I 

..... " ... l' ..J.t _... 1(_ d .1 ~.I.!:'·"''' .. ... tk2. t'l).Ju(j)'V11.:1n~'1ITNI,"~n'!ltl!l'fltl'Vl~1\'\md3J'lfi'V11~fl'J13.lnJ\'\'ll~u,::ntl1J LUI'I'ltJmfNl'l~ Pl'l1mJl1l LLfl:;n11(;]l'l 1"1.:1 

hjIL~n~h'ln1Jl~~n;r'fli'tltJ~e.l~(j)"l1nmrtl~.:Iill'i.:ltil';)tJfi1lil 

http:�.�..._.-.�


~ ,~	 ~ ~ 

'I.h~3J1n.l 320 MPa Y1~n.lWJij	 ,"~.:I~n'i)1J'V1 850°C850°C ;.:Ir,l1n.:l1'L.l':i4'tJ'i1"l::'Yl'lJ~1ih~.:I'JJ'i).:ILll~m~'L.lV(.:Ii'l'1l.:l'l.h::LllY1

"l::;Jih~.:Im1n~l'l~.:IL,"~'i)'I.h::~nn.l300-350MPa ~,:jiirl'J1mLlJ1n~1.:1~1'L.li'l3J"mm1fuLL".:I~.:I1113J1n'1l~1.:1ij'l1mih~t\! 

.-------------_.. ------
UhlmateTensileStrencth .l1ev8t.edITempentunt ReldSonship bMedonEN1H1..1·1:2004 
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"l1n:rU~ 4 LiJ'L.lnrlYJ~LLi'llfl.:lI'l'J1;Ji3J~'L.lfl1:::"'~1.:1ri1~.:I~.:I'JJ1l.:lL,.,~nii'i)ii'flULLfl::fl'Jl'l~1fILLN (prestressing.. 
wire) ih~.:Ii'l.:l3J1n~I:J~lJ1"l1nm~1J'J'L.lm1i'll'l'JJ'L.l1l'l~.:ILii'L.l (cold drawn) ru 'fin.l"'11~~1.:1 1 "l:::'Yl'lJ~1 fhri1~.:I~.:I'JJ'i).:I 

~ , .. 
.. 2. .It	 Q.J of ..:. .1 ~ Q. I ° ~ ~. '" 

L"'fln1J'1l'eJ'fl£l"l~fl(;lfl.:l1P113J~n.l"'.lJ3JY1~.:I'iI'L.l LLfl~"l~L13Jfll'lgN'fltJ1.:13J1n'Vl'tln.l"'.lJ3JJJ"::;J1ru 400 C b'L.l'iltu~'V1mfl.:ln.:l 

fl'Jl'l!iVlLL1.:1 "l~fl~fl.:lur.:lLL~~ru,".IJ~ 200 -300 °c ~.:Il!'L.lLll~mi'l13Jrl'fl'L.ln1lJ1~.:Iiii'l3J~rl'J13J'Vl'L.lY11'L.l~'i),:w1111~n~1fl'J~ 

~~LLN 

Lrl'flU1L,"~m~'L.l,.n HiLi'l13Jri1~.:I'iI'i).:IPl'fl'L.ln11P1 LLfldh::EJ~~3J (concrete covering) 'i)!i1.:1 L~£1.:1'Yl'a lJ113J1J1~L11Y1 
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