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F.=360 MPa ",,1.0';' ,:,. 4 ")' jl ,......:."","l,.., ..s''}'' ")' "".;'(WUF-W) ~¥':
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~~~1.5"'lkN.m ~ b,..l.> 1l-J,:;.o ~

PL 400,,10 mm PL 200,,20 mm
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...:.~~I, (..,..L-» '~j..#~ '-'",I. O.ILJ~"!..5.;,,,,)!,j j>-:.;;;..;"I>,'"J'I -f
•jl"';l "! 4,;ti1" jl ..5.;,,,, , ';of )1"'; j>-:. ~u".4,;ti1" )' M ~ ";1 ~ ;;.' ,

~.:...I }'..5.;,':";J'j J'.,li.. jl..5.;,~I.JS"! K~M/8 ~ ~ •.:.5 .01),' B .."Ij

M

~7"

J 0,1 L J

EI
4 8~ (\, L

EI
II. 7"L (T

EI
13,2"L (r

92~ (f. L

'»)" 2bxh ~ J'IJ'AB J.ou.»), .,"':',,1, .oL.:.;."I> j>-:. •.•I"b' " ~ ,~I-A

"! C 4.W;.250 kN jS~)~ ~' .J,I j>-:. .s)I.l.l')~ )' ..:...1 bxh ~ J'IJ' BC J.ou

)~ ..J:.S~Wi),,) u~.'~lJ0.00115 ojl.J..i1A.!, o~ ~l.:l:-~IJ.)'~I).3 14.4 mm ojl.J..il

•.••.~~ ",,1> .olo.» .s4,;ti1 "!';1, 170 kN.m ~ ~";I~' .~" j>-:. .s)I.l.l')~

~ ')II ~i )W) c.S)IJ..f ) ~ ,.) .>'b ),) ~..:...w1ih,S.J ..,)j.i .r.J x,) lii..ojI ~ ,.1..l5 oS..! C .i..b.ai ~IJ

,(,~ ,;ill"; ~ L..;,ol .s)~ J~~ jl , ,...:. wi>".; ~

•••F=250kN 21.2mmn

1iIIWi;l#~< I -'Th -B C 14.4 mm (T
L L L J,

(J,l .J:'.:.) 9.8 mm ('I"

t ~M= 170kN.m
~11h 0,78 mm (f
B C

J L J L l,
(f"~ j!..:.)

)
PL- (\'7<"--------- B

U21 2PL
-(T~r C 7

EI EI ~
PL r-(
71 L J L I PL f-(,
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0.05 .>!.1.>!.lA>wl..:.>L..",L:..."";l..:.>L..~;,L..~. ~I wL..,J y,l;.> wL.,..>.,,;.SJ>~-V
III c,.; ~j LS"; J"! ~l ;1",.9,O~~ ~I,..::....:.) ~)~ o]l...i W"!.'....:.....-.l o~ ~~ 4w
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~",,-,I ;i~.';';.>!.,.>!.,lA.o,I ~.fl.>S '" oil}, ,I ~~ w1 .r.J~ ""ri

223 kN (r

32 kN (f

260 kN (\

203 kN (f

L~I "",-re ~ , .,,, II t,J ,I ..,.;~ wl..:.>L.. ~ ~I •.•••.I J"-' ~, ..>.,,;.S J>~ - A
.>!.I.>!.w~1 " w1 ..:..>L..J>~ ~ ..JL,Jo L~I """.re '" .,..,.:..." w1 ..:..>L..J>~ ~ ..JL,Jo

;d .r..,;)u.o ]1~f'.JS "-? 0l.o.:o.>l...." ~.l ul-'; ~I y,t.;.;wloj .c..wlo~ ~b.o 1.1

~...:.....-.l;'~,;)y

<,,;l: 1.21 (r

<,,;l: 2.12 (f

<l,.~U0.5 n
<,,;l: 1.85 (f

Jil..•••..,' - • .,...t..o Sl.ts ~ !;W"',..", """..!;W ",,..,,lA>ri' .>!.,js:...:. yU " -~

~.),."; u-Ui f'; ~ l,:"l,.:..c,,-? ,-:-,u ~ ~;'~4l,j"~~ J~ ;.:l,..,I,.> Eli I Eh ~
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j 1tU;; I I, "L.:;.;.L.. '" l.:...o '" L.:;.;.L..""", ; j L.. ~ ,J}j ..,.,~ •J,L.....;;.,;t:...1 ..;.,; ;' _ II

.s,; J'!Jl,;W. ~;' oS .s'';'' 6,.. ~ ",li ." '.: ' 1" r- 85J'!IJ'!"<L. jl;l'

.J'!I.J'!ojl-i wl-i'; ~l y,l..:J. wLoj) ~~I;~ b,..\.> ..:>~~l-i ~1 ;1;li II c,;~j

i:~I.sIJ'! ,J}j ..,.,~ 0'.1 jl """.s J>" ,......:.1,..•• 1=1 ",I", "I ~I ..,.,~ , <"its 2.2

. (......:. •••••I~ 0'l,i;;.., 1 ~ to.,.' .s 1.:0'" ISj I, ;!" La..

0.123 ('

0.114(r

0.085 (Y'

0.036 (f

~~ .~l o~ 0.:>1.:>ut..:..i~;.:> cil, u~;~~.~ jl ~ 'xj jS:...:t;.:> - n'

'-')'! ~~l ~ ~j,.;'wi'r .~40..L.1. ~b.oPr=1.26kN/m2 f4l.S'; wjl,.:;.a J.J'!;4

;l'~'y;!,j .s1.:o••.•.•.,;J' jl w:.,.fl.JS '" "1, '" ~ "uu,1 cJl>;, ."..""".L. •..•.••..;, (w)

~.:>~..ubI,.>

3.3 m (I

8 m (i

1.9 m (Y'

2.70 m (f

.JS.:. ..., Uo.. o""":'.s •.•..:.1)4,0 '" 4,;;1 .s 1.:0'" li '" oS ••.••, •.•• "L.:.J ~ uJL.. ~ J."LU - \ r

1.:00..:.,;4,0••.~•.a.:.~ .,,..:. •.•• JL.",I (;1, ..,.,~ ","'1) ",';1,,> .;:..1""";';' jl ...,.:.u 55 kN .s,"""
j~':>;¥le-,lA.o ...:.-,lA.o, ;4 I.;-'-!.'y-O ~,; d.? u->l)=o;.:> .~4 ~ J.o.='U'd..J ;.:>u.bAS

~c....1 ".'w:.,., y ;!,j .s1.:o••.•.•.,;J' j 1w:.,.fl.JS '" .s;IJ.l';1, ""I .sl", 1.:0,,1(R,)

55 kN-
4.2 m

15.6m
I

33 kN (\

55 kN (r

92 kN (Y'

110kN(f
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.sUo••.•.sly' .u}lj jl .,r.U ..r.'l" .s,r-l ~U".~ .•..••"t...>L....s..,. ~ ..J.,.l"')' -If

~') jl o.)~l ~~ c.J.'.1jl ~U ~~ ~y..c..wl o.J..ol c..w.)~~j ~ J;.!~'QI;~

?.)~~I,.> ';'~.)}i~j~.)lA.ajl ~pl.JS ""! Ct~".a t~)~

20 kN 20 kN 15 kN 90.00 kN (\-- - --
15 kN 10 kN 5kN 73.64 kN (T-- -- -
5kN 20 kN 10 kN-- - -- 53.85 kN (T

~ - - ~ 30.00 kN (fJ,' .J..A (",:> .J..A ,,... ~

.l! ~ '" ),..,"! B 6.1W)' , ~ '" ),..,,,! A 6.1W)' (J!.j Js:..:.) AB .sl. jL..-"'" ~ -10

"l$..,.=i' .sosi ),.., )' ."'-' I • ......:.J.->-.o ),4<-0 "t...>L.. " "! (AB .sL:....I)),) ~

.[,. . l$.., ... - 1..370 I A UW , <>.i..Io •• . t...>L.. ~.;.. .[,..r.' ..., ~, r"~ y.y. )....,... .., ...- ~ .r.' .
.. l$.., ... "I...,. •......:.U.. 1..430 I B UW , <>.i..Io 1.- . t...>L.. ~.;......;~u~..r .~~ XX ), )~U ~~

"! ro..A-o -,.....> y. ......:.,"i .;.J!. ~ "! )' l.i -'!., B ~ .l!~ .s .u}l j }I )' •.•.••1

Y..:-Jl ~~.)y~,j ~.)lA.ajl ~fl.JS

720 (\

640 (T

800 (T

E..,.
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IL..•$Oj :r-<~
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x
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880 (f

50 y'1y'o;L;..L!',~, .s1)1,,~. l".;Ai..,.'>lo"""':', f' J!.j ",...,..s..,. .,.,!'), ~ -Ir

jl ~,..1.JS~ kN ~ X u~ ~I ~4.~\S o..lJj c.S)~ )~ J.S1.,l,.> ,..;..,...,1~".aro
Y..:-l } .•..s~..)j.i~j ~.)lA.a

155 (\

162 (T

173 (T

250 (f
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"";l" 0l5;",~ •.u.;.lj ..s,~.AH )' SI) I~ )' ~ .....,ul,s;..... 0L.;.;>L.. So, )' - IV

25 mm J'!IJ'!P-t> ul-"I.yJ;! ~)' 0'''< •.,..3.5 tW)..., u¥ jl ~,..h> ~

I)...,;l" J'!)~~- ..'" ~I.>.S•.....:,~J~..Hli 0l5;",~' ..sl), ~ .:,;.I..s..,.1..s1J'!......:,~<$"
.:,;.1JS tW)I .,,..:. d'~ 0.11 J'!IJ'!ul,-wl.o<.o)' ..s)I"-'.1;..,.,.;.l.:.)~,J'! )1$...,01"....,

.(.....:,~<$".,..10 J'!IJ'!"".1;jl;' jI0L.;.;>L..

..6 .....•,;.... l5~'1,.9 ~ ,-:-,Ij ('

I..SJ,..a....o..A l5~'1,;o..S~ ,-:-,L9 (1

l5J..~4......•~.:.t~0~.t~)~},~~ (i

t;l-.<> i,S!. L:..~ ~ l..:>..o ~ o..S':'.t~ .t~)~ ;I,~ ~ ('f

01)~)~ JLi;;;1..s1J'!0~ ~j Uk.;..", j.ol.:. 25x30 m JS 'L.,I..., ulL.;.;>L..~~ -\A

~~~4 .~~~150 rom J'~ ~ o',),\; lSl~ wi ~;-S~j ~ t';, (l,)~

~ ,).yo tW) I •.....:,~ """ L..J'!""...40 50 0L.;.;>L.. 61..>.>1 Uk.;.., )' L.... ~".;) ~

,1"",,1)' ••••.~ ~ j :.s.,..:,) ~,,-,I ;. So,' jJ J'!j ') I,.. j ISo,~I.>.S ..., .,.....40 ...,........J'!

.(, ,..:....., }!.)r' .~~J..,J

148 (I

194 (f

170 (r

20 I (~

50 (\

63 (r

70 (f

75 (~

w'-.l.1...AS o-.l.ijJ~'5.5 kN/m1 ."H1,r....ASo,);-o)~ d..o;T~..:....ls:.....1 ~ l5)',)' wlc...:.G-L...,,),) -,C\

Lo......, ~ .>.>1, 0j, ~4 .o...:.~•.•.••2.5 kN/m' J'!IJ'! ......, ";1 0';! JOW

, (l,);-O)~t~ .~~#.J..o IA~. )~ ~,~. 0,)~ C1.j~., ~~ 1.8 kN/m1 ~IJ"!

~4il.5~ ~l»,) .IA~'J,k .J.>l, wj" ~}oOI~ l..5lt&)I~.,)O,);-O)~ ~ ~~" w'-.l.1 (l-.l.ij

(l,)~ ,r.o3.5 Lb~. tW")I) f~1 jJ"~.,) jJ."H,J ~,)lii.ojl ~"fl-.lS~ kN ~.r. AD;;i ,r.

.("-'1...; .•••", ~ ~ .A JI, jl....u....,A B

3m
4m 2m

8m

4m

J- 8m

,""'-
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#)' 4 ~~ ..>,;1• .....:. =>L... .;,1~ ..>'.x-.:.)',,;:;,oS;, '" )'~)' ~ .;,L.;>L..." -t.

" .u...,u ......:.42.77 kN1m' .Ar. ~ f 4 oS') ••.•Y, )4 "ssl.>.> .• .>,;}iJ ••.•y, ,yJ~
..:....1 Cr=l .;,L.;>L... " -'" oSly,) • .:....1 ,,;'..s.,.,jJ y-j oS!.>"";.!' jl ~.fl.>.5' '" (X) .;,L.;>L...

.(~l C~=ll.SIJb e::h- ~4, O.)-"! C~=O.9l.S1)b , o..uj.iJ .)I.)~ ~40.:; ~Idb

3.5m
1m

1__ 9_m_~~x~_L6~_)

9m

1.5 m (\

2.5 m (r
3.5 m (r

4.5 m (t

~ 4.;,<1.,,.:. <S" ., li.:;,.,1~4 .;,I~ '" .;,L.;> L...j I ••••.••••.•~,s:......;,L.;> L... ..s." )' - n
r.~.~#4 'r"1) 0'!1o~j)4 ;-fl ..))I~)1"'; u~l....I~.If".) ~ l.S'r"I).:J )'~).)

y-j y-' lAo j I ..s." f 1.>.5' '" ~4 oS') c.> 1,.:s.,. ;, r-! ;.>,;j )4 J> I.>.> •.....:.41::'..>'ro
~~I ;J~~;';

~~JAJ~ J~~,~,1~2 ('

~~JAJ~ J~.J3,~,4S4 (l'

j I ..s."f 1.>.5'j1 ., li.:;,., I ."" y-j ..;.;;; .;,'),] .:...., '" , Y-.lot ••.•UWI oS!.>"" J".l.oU oS Iy, - rr

?~1 ~,;~U r..J l.SlIb~,)

ll/)ot~ ).:) ltt,j.:J ~ otS IS,::-U ot~ 4,-;..1 15)...:.J }:..9) ~ J.:J ":"),...::>ot~S1.:> l..5jL..,J.l.A n
..l.~l~~l~ iSl.lb-:"'.0..-3 ).:) l.lb01 u~ jl ~

l.lbot~).:) ltt,j.:.,j ~ a.S is,::-U ot~is)~' '.S~ };J) ~ j.:J ..:..),.."ot~ S1..> iSjL ...••J..Lo (l'

..l.~t~'.Sj ~ l.5l.lb.:....0....-.9 ).) l.lb01 ~ j I '-~

~ ("1..0; ).:) 0LS...t ~ l~, l.5)L.:...9 , '.S~ };j) t~j.:.,j ..:..),.."ot~ Sl;>. SjL..,J..Lo (T'

""
'.S~~ ("1..0; ).) 0~ u;;.;;....... ~ , l~ 15)L.;.j )l;j) l~j.:J ..:..),.."ot~ S1..> iSjl •.•..J..Lo (t
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•.••• ' U1,.. .';j,)1"" ~ .s'", ~'t...,1 h"I"':'), j~~' ..;,')~wi). "",L..'", -1"1"

, "',.. ~,Li.....-:-'" .s,.,..; , 120kNIm ",I", (Sl> S r'-' ..,:.;,)J.oL:.).;,1'" ' h w').)~
Sl> ~,Li..~') .s,.,..; J91.>.> ,.;;...,1 0•••••• '),1 ",160 kN/m ",'", Sl> , .;,1J!.j ~ "'"

1;~4)~ b,~.",,...:.~ '""'!.4 ~j, )1~.,)~.::.Sr> ;').:l 4S )l}o!,,) 0-!.11$~

~,)~ Cl),...:' )1~.:l~jJJ jl ~li...51.>I$"{;.';',:' f

20 kN/m (1"

13 kN/m (f

80 kN/m (\

31 kN/m (1"

.:..,Li...s')I, .,)1, )1.,>~t...,1 .slA)~}I.;;..",;,'.s ;:;..~, ;hi ~ jUte-)' ~ c-:- - n

~ ~I,,",Ioj,r. J"'-')' ,.;;...,I)L.:.J),5000 kN ,..;..:.s )'1000 kN ~ ..;,') jl ",L;,;

~" !')~ I; lAC-:-"",, ..;;...,10•••••• lAC-:-.s,) ~'t...,1 .s)I.).J')~..,4t.) ~":U'
~\:,.""""I)~b,"'\"> ~ ~l j~ 1$)L.:..S, ~ )4 ...J..ilo~1S)1.).f)4

1250 kN c<)-'-' , 250 kN ",-'-'S )., (\
2273 kl\ c<,LcJ , 455 kN ~ )., (1"

1667 kN c<,LcJ , 334 kN ~ )L ct'

2000 kN c<)-'-' , 400 kN ~ )L (f

.J~.':"~...9Lb I ".:::,)':......1 is lll> '>"9"Jt~.;j l...•.~.::>U n
.Jt.i~...9l.b..i1 (l.S1<t~) J. ..••l....:.... is),,; tSLA>o.),Jl~ ojl...." J:.1.::>U" (i

LSu",jl.-:..:>-l .•..•).::J .LJlIy,;.j 0-::-! J:-S),),.il ...,....'!.ly"';" ,j..::o,.o..i .bl.=><.J L~~~ <>,;-! ).:> lA>,.J~J~ (1

<t.A~~~ .1......,:..... ..:...~ I l~

~.......:. '>'.J! ..:...........=..:i ~ 4J .t~G...... (f

jl )1,,' ,.ll>.slA,~ .sl", .,;'1.c;S .w:. )' ~', <:;J-o "'~ .;,L..;;.;.L., ~)' -1"1'

;,Jl.o) J.il.,.\,,> w'~'!.)J1,.r~.J'!Jultb)~.l.o) jl ~f'1..15.J":" o,)lA;".,."I<D14@600 mm

.(~I,.,.:;..o~"-! ~),) ltbojl..J..il> ":.:l.r:! )1",Ji o,)~, ,))~ )'~.,)j~,))joG ~l

If'". ..'..~..:' .. ' l' •••••.• -••••• : . J ". ~-: ••• ~ •

160'1~ .v.:. ,,; ',~ ': ,." I. ',:_ .:

. '" .. "'J' '-" •.. , •••••.• ",.

j, 6001 600 J

~~'~"~-\Q';i1f
~, . _",."" ."/' if' '

~~'"i{~'"~<'P

<l>10@500 mm (\

<I>10@600 mm (1"

<I>10@800 mm (f

<I>10@700 mm (f
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•.....:.4110 mm ";>1..>.>Lo"':r> ul., "" r .s;j ..sIr. •.;~ ..s~ 4 "': ",,' ..sLo.A.i.w)o - TV

Y.....:.4 '" 4 .•.•.•~ ~ ";>1..>.>(.u,.>J ~) "': r> l.;..:,4, "" r

130(\

\40 (T

150 (T

160 (f

}.";\ .:>!I.",~ ;ill )0 I) u 1.;S .w:. )0 ~ "" L;; ~ (.,., 4 ,.....:.-..> L.. ..sj), L:.S ) l,J1 - TA
..sLou'::-' ..sIr. ......:.4••.••2.9 mol) eLi;)I, 300x300 mm 0~1 '" JJ:..:. (:!J"';'::-' ..s1)lo

Y.....:. 4••.•.~ o.;.,.j! ~ 1..\5" ....,., ,0 ) l,J 1 .:>!I

.::l)"!l=--- ...,-.1.Jw .r.1.J~1.5 ;1)~ 4 15,l_"" ~L~ I,SJ,b 15!.Al,::,.,.{!::-o 0~ .)Ijl u"""u n
..l.~~ 38 mm i' .l~ ~ I..S,L...... j~ ,

.~~ 200 rom jI ~ ~L~~1.J~u>l,;),) 0'::""'" ~.l&. l.5L.lb').J~ .t.L..:.1j (r

.~l1 450 mm jI .J:...S ..I..i1';IJA 0,=-"" ~4 , ')Jl~),) ~1J"~~ J,k (i

..l.~l~J.-.Q),) 5 t; ..li',;~0'::""")'::' ~,.b.::.)"~(f

. ..li,...:. j...a;...> ~1 l.5lA.J)lS'~~...,.........,l..:.....o),.b<l.~ ..AA.... oSUt,.c:.J~n
. .J,...:.l~ .J;:""~ 60 L,a,.5,1~is,) ~ ..;.-:.,~('I'

. .::>,...:. o,:,lA:...........1~.J&' J)lS j' )::...0 4 ;1 ...r~l5LA>4..jtAl') l51.J~1.A4.'::.J'~ J,) Cf

. .;:"...:. 0.) Li:.....,' .1::...0 t.Sl~ 300 4.1...."Ls l~ )'; ~;1 jI J.i-, I"S'~'{ ~ J.) ('f

4 ••••)&'! ~ .,..Ii ~ '" ""J" .•.•.•..;..:,01) )';Loo J,Jo", ~ r> ...s.,.)o -1'"

, -900 kN.m r.1r. 4i'J1 ,0 jl ...s.,.~ )0 ~ ~,Lil. ~ ..slop .04j ..s.r..~JJ:..:.

..u: ..sLo)4 jl J...l> u'::-' r. )0 ",,4; ~ r. ..s,,,,, ~I ..::.....1,.....:. ..,....G... +600 kN.m

o,);;-!..:;.. )~~ ~ ..sUb)~, ~~ 150 kN )'!1)'! (oiJ jJj J~ ),))~~1~~) )I.)~"""';

..s,,,,, "': ..sIr. ";>1..>.>-".4 4i'J1 ,0 jl ...s.,.~jl ..s.•.•.•,0 4J..,1j )0 ",,' .:>!I•.....:.4 .:.>I,.:s..,.

Yo":' ..r'"l;!o "" 4; ~ r.
200 kN (\

250 kN (T

300 kN (T

400 kN (f
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J,.b .):...0 j~ ~~J'A.1::....~850 n
J,b >:..0 >, Co'>' >:..ocs4-0 1700 (r
J,.b .):...0 .1~~~jA j::..o~ 2500 (i

J,.b .)::..0 j~ ~~.rQ)':""O<.$l~ 3000 ('f

),;t..;1 J.il..>.>'xj JL:> ~lL...~ ..s:.,.)0 ~ c..oG..; 4 ~ <51.0,Jl.:.Jlo)o -1"1

xj Xoli.. j 1..s:.,.pl.>S"! u~ jl ..s:.,.>" )0 ~ J5 )0 ul.;..:,~, u )1.>'" ~

C30 &'t t,J , 5400 ),;t..;1 t,J .",-,1 .,w.•• J~ J.!u )1•••• (r..;:;-S)y",-,I yJ..s:.,.Oy

/1 .(0"':' .:P"
~~/

r;;;'

~ jl""':'U ~ ),;t..;1 )1•••• J.il..>.>'xj JL:> ~lL...T~ 4 ~;.,b "",')0 -T'r

"""cs4-0275 ~;;. tLi;')I, 5400 ),;t..;1 t,J, C30 &'t t,J)y",-,I)~ .1J'...,s;)0

.("'-' 1"""cs4-0 "! JL:> )0 lA.j l..vl.0"':' .:P ,.

iff f f f f f f f f f r 3D{T
~ L!
I L I 120" ,

..:......•1.):-.5 f'1..lS.JA,~) ~Lj f'j'Y 1..S.:....:.5 J,;l..,) .l~I.1~1.334 {'Jr" j::""'~ 220 ('

.J':...S f' 1.J.S.111> • J-.o..:> j I l..S..:.lj f'j ':J ~ .1,; L.;1 .l~1.1~ 1. 3 3 4 ~~.r" )::...0 -.s4-a 1 15 .5 ( r
• ..:.. .••• 1

...:..•...•1 j:....S f'1..lS)"1I>.J......:> ) ~L; f'j'1 1.S.:...::.5 ),;Lo) J"~I,)~1.33 4 ~~j'" .);""1..54.-0385 (i

. .:......••1 J=...S f'1..lS./1I> • ..;-.> .;I l"S":' L f'j '1 !.S.!:....:;,$ J ,; Lo;1 .Jl)"~1. 3 3 l:',.C:~.)A .1::"'"~ 2 3 I ('f

C25 .0) &'t jl """cs4-0 200 c..oG..; ., , .0L., <5lA.lJ'~' 4 ".,b ..s:.,.~ &'t Jlo - 1"1"

c..>l~co) ~ )~ 01ro ~ IoSljl ""! b,..I.> 'I,)j, jl ~li )~;-! o,')lc .~l o~~Lw

'-'lAo)10"':'.,. y~.o ),.>.s;i ~ .,w jl ~ .kN/m' -,......>'" Jlo <5') '" ",WI

,r J,..l.o J!...u.o U:.;~IU'b .e-.I O.J.....:., o,,)t.a:.:.wl~~ ~ jl, o,)~r.o 4 ~ ..";';0
.("'!.~.,.t;;)0 JlL..4u:.. 3 ",1",1)&'t

5 (r

2 (f

10 ('

3 (f
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15,49('r

17 ,44 (\

34 , 34 (rr- I _ ~~X'-:T I~JO I
• • -;-50

I I I I j-'
50 250 50

..;..> }I """ 8400 ., J ,'1,. , C40 " J&'< jl ~ J' &'< ~ Jd ~ &- &'< ;;"}'I - n

IS1.>...aJ;..JI..... ,.....:,~ ~ }o.id j I,.. ....,~ J}"'o' ..sISJ,.I>....,, ~ Jl;i 'J}"'o' "

j 1s.,.~1.>5....,kN.m .,.....,.y, ...,..;;i;...., Y J}"'o' Jp , x J}"'o' Jp ,~,u.. ~ ;5:.:J

....,~ J' 1.>,jl.>.,;1, "~ f">~ 20Ar. I.>J"Lo} }o.i) ~,~ """Ipo -"~.'.;; ;<j ;<,u..

y .(.:-.1 f">~

l$)L.:.J~li ISlAI~.Ac liW w,~, 0.:1'-' lSlA.,l!~' 4 ~ J.:l ~ jl ~ ~ ~';.:l -r t:J

~ rrl~ .~4 8400 .:l"1~0'>;, C25 ~ 0,») Q$~'J~;.:l.~li l.S)~ ..s,~4,
~.:-.I-"s.,.'.;;;<j y,.,u.. jl ~.~I.>5....,};.. ~ ~...., ~';!.l,.o ~ ~

0.025 (\

0.024 (r

0.022 ('r

0.021 (t

ISJL:->ISJ}"'o'J~..s'J!, ~ yU J' f"> 4 ,ljI J,.I>....,..Mu"'" s.,. -.rl}o 1S1y,-Y'f'

,.:-.1 ~ ~,u.. ISJ}"'o'IS';;' pl.l.> jl .? ~ '"""J' 30 jl ~ I.>",,<j!W J' uj

.(.:-.1 f">~"'" l.>'jl.>.,;1~ J') ~'''''; "IA;;...I ul"....w IJJd ~u.. jl s.,.~I.>5

700 800 900 1000r i 1 i i i 1 i

30{~ 30{~ 400[~ 40{~
\-JD t-JD

r-JD (r
t-JD (t

\-JD (\
'r-JD ('r
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~,.b..sUo'~, (A,) ~ ..sUo'~ "'-'I~j'J~;;.' s., jl ~ s.,), -rv
~"':'4•.••~ jt,,; ..s~Ip'r..i ..sUo..s)IJ.!),;t.) jl s.,~I.>S .,~ .r.-U' (A,) ~

r-~ '"'u.,1~)" "~ r-~ 60 r.lr.~,.b ..sUo)';t..) ..s') r. <? "':"':'>-t)

.(~I

A;-req= 900 mm2

At= 600 mm2

A:_req= 700 mm2

'j [BJ,.. '. ',', , .
500 .' =" •.. : ...•. :: .. ,

~... ':"'.
~_55Q_,;'

3<1>22[0] 3<1>20[0] 3<1>25[OJ 3<1>20[0]2<1>12 2<1>20 2<1>12
3<1>20 3<1>18 3<1>25 3<1>20

\ - j$:..:. T- j$:..:. r-j$:..:. f- j$:..:.
TooJD (T \- JD (\
f- JD (f T- JD (T

,203 GPa r.1r. ..-!~...;."" ..sUo)';'t..).r~)I..,.,.~"~...;.",,~;;.' s..,.), -rA
~ ' 1,I, 4 ~ ~...;."" , 'J,. , ...:.4.... 1600 MPa r.1r. Uo,) ,...:. ~ os' 4i ..::...,li..

;I.::....::.Y 'wL..:."''';'..r.-4; ..:....e,t..a.o 0.75 ul~d..!Ub)~'Lo)'0,)j~ wl..oj),) '~~IS"~

~ J.i' jS j" )' .",,1 ..-!~...;."" ..s,;;' j 1..,..:.U .;.;:; oS';;),.., )' ..JJ~ •••• ;I ~ .;..:s
""" l.w48 j I ""-! ~ ~...;."" , 'J,.~, I, I, j1..,..:.U JW I) I•.••.•.•,"':'4 15.4MPa r.1r. ,..;..

"':-'!~)~..:.-,l~~,);; xj r.-",u..ojl ~rOl.JSd..! JlS:.....,4~~ )"! ,)"},.; u~ ul.oj )1

, J)U , J!lI" ~ '..n';'!>.",1 jl ..,..:.uJWI jl , "'-'119.5 GPa <? .:..•.•,U',s .r~')1
( - ~,' • 1_., .-< .'1 .. ,),...,~ ;-....9JM' OJ":':'" ...,-- J,) ~ ..:...s U.:.~&}lll

40.3 (f 17.4 (T 9.0 (T 3.9 (\

,.a.4J..,L; , "~ r- 4 J,.b , r-~ 200 ..::...t;..; ..s1)1'~)' •.•)1&'! r.)4 ;I~.' &. -n
wi ~4, "}~),))I)'!.) J..>~ jl.~1 ~3.6 )"!1J"!)l~.,)~.4., "}4ol.f~' ,.:1 ~ .>1}1

os'4i .;;L,...lo<.o ..::..., li.. .",-,I ,...:. )4,.0 ...,.; ~ .::.Sp J!li.. )' ) I>-t' , ,...:. ..s ~ ,J.:-:

)4 }I ~. Wijh,' .s.;.,1wi'~ 4 , <Sir,:.' ~I) jl ,,1,;;;..,.1 4 ..s).,.. )4 r.1r.)' ~
u)L.:.j c..o,La.o) ~~ljJ'~.,)jJxl r.,,)La.ojl ~rOl.AS' do.! kN ~)"! .~4l.5)~ l.S)~

.(~4~25l\IPa ~ 4 •.:l";"~'n

5700 (f 5360 (T 4360 (\
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)I~ otJ'~.,.;) c.S') o.;)LwCl)""'do.! ~ ~lh.o350x800 mm cbA-o 4 d..D)T~~ ~ -f.

~.::.....IJ's.,., >' J!J J!.,Ui.o;1 ~.fl.>S'" ro..,...- J!d ;;"l.JUo' J,J>., ;1,

1800 mm

t. ...... ' .'.~..' 'Jj("";""j-
j 1 f-,!
1.2m 10.8m 1.2m

10.8 (\

11.6 (T

13.2 (f

,L:.;~ • ".'1, , (M,) ••, •. "';,5""" .L:.;,'L.. 1.'_,' -f\l,) • ~ c.SW(r"'" ') loS!. """l" ~ r- ~ l,) ) ~

;1,,;, ; ~ .s"w .sUo'~ cb.i.- Co>L.... ';>1.>.> ..::.....1700 kN. m J!1J! JL:. ;' ,....:.,,1,

d';J ,\;; .sJ!.,;.,JL:. 4 ,;L..) ~.::.....I;is.,.,>, J!.; .sUo""!;! ;1~.fl.>S '" ("w '" ;,)

.sUo;4J'I ..::.....1ro~ 250 ~ d d'r, S400 ,~ to' .C25 "'" "J' ,....:.
(, • . .• ' U l..,.., •• _., '"'. ,......r..:Pr ~ ) ... ~) ~

1500 mm2 (i

1000 mm2 n

2000 mm2 ('I"

",,_:],250mm~
2000 mm

'" '" - =t._-250 mm

J 1500mmJ 2500 mm2 (1'

0L.:..i .Cl~ ~W).;)o~)4-0 d..D;i&,-! l.S~'.;) ylS ~ J,' ~'r~"i' ~ -fr

J!1J! ""lI,l .s;""" J4 .600 m m ~ J,J> '" (:!r cb.i.- 4 u"'" s.,.J' ;,5 """ •.••

J!IJ! A' .s4,o;1 ;' , M,-64 kN.m J!IJ! 4,0;1 ~. J' ""lI,l ~ , N,~3850 kN

o~ 4.:'-'t.::.u 0b =1.42 fi'fi ~ ~L;..::...ildo.! ~..\.!.~ ~~ "f' .~4~Mp=46 kN.m

.sUo""!;! ;1 s.,.fl.>S'" u"'" .s4,o;1 " ;' ,....:...."....:..; ""lI,l ~ ~ ",;i.J' J)< •....:.4
~~, .i~.;)jJj.'j

65 kN.m (\

90 kN.m (T

155 kN.m (T

180 kN.m (f

\'(~
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)' ~~ .sL>,~ u..,u "Lj .sr..i.(jS...:. 4 •••;i.? ojL-. ~ .sL>r' jl ~)' -fT'

jl ~~ ~IA,)~ ...::.......",1200mm J"!'.r. Q"ilA.,).b-t,).,), 100 mm x'.r.lAolf~'~.,)}i

.::.>L.... ...vl,....:.J"S-:.J' 10mm }o>"!'~ jl" Y' '.r.lS) ~, ~ u~l>~

r' .;,!I ~~ ...v"':'..r- ...,;.,. As 4 r,1r, ,IS~' " Y' )' "'" It , '>'4 ..,J,Jo .sL>,~

~,u.. ~ ~ ".:s'1.J.> ,',..:. ,,1;.;"'; r' ,})' ....w .sL»4;1 , wj, jl , "" .r'"
t,J ,C25 &'< ;') ~"",",I;'~'j.lr.j .sL>,-,!,j! jl ~.~I..s"!L>,IS~), ~ ~

Wo.. '~ ,'''':'..r- ...,;.,.430 mm r,1r, ~ ;;. ~ , S400 ~ ~ , ..,J,Jo .sL>,~

Bm
.. 5.5 m

I
I
I
11c--1--- 1-__ , I
@100mm @200mm @100mm

400 mm-r--j

"500 mm

•

474 kN.m (\

947 kN.m (T'

781 kN.m (T'

1255 kN.m (f

tLi»I, 400 mm ~...,;~ "! 6 m;;' lJL>, J,Jo,,! "L-. r'" .••;i.? r" ~ -ff

8.5 mm )l~ ~ .30 kN/m ~~ 4.! o,).ro ...:...>I~.o,).r-s ),-! }1 ~ . .500 mm ~

o...vj)4 i' ~l; .utA.,).1a.w,).::J~T ~~ .. ..:;.....,.,,10.)1.;) ~T ~~. 6,jtA.> ~').,)

~~l"';~.,)Y.r.J l.SlA~jJ']1 ~.~'..154.!~'0'1.' )..>30 kN/m ,.:.h.~~..::...>l~.0.,)~

.(.,)~ r.i:' ~ 1r:=25 kN/mJ .r.'.)'! wi w"~ wi" O.,)~C25 0.,)) J', ~,..,.- t,J jl~)

6.4 mm n
8.5 mm (i

9.2 mm (i

Il,3mm(f
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175 kN.m (f

210 kN.m (f

235 kN.m (r

265 kN.m (\
la-t-~-i-a-l
n-n
II' II I
~II ~II I
-11-11-1
II II I
U_Ll

r
b

wL:..i ,,)~~ 1~1~),) ..:..),....,""! d.5 W)~ ~lS <\..\l;i~ojl-J ~ w~y,J ~;,) -fO

~ 0,») -' ~~ 600, 500 ~.~~ Bl ~. ~Lb~'tw')!, d';,&- .~1 o~ 0,)1,)

.sJ'.i.l'J~""~ ""jl ~ .s'jl"! .s """'<.5" 0L.:J 'jL..,J..l.oU'.'''':'<.5'' ..,0"'; C25•.••r'"
J' ~..r..4; ~ P '(0~~ JS .s'J.;;..;.I~i.JJj, ";" .s~J~~)...w
~01 ~~, J..., J' ~..r..4;~ P,90 kN.m .r.'.r.1l2 ....,:; .s~-"".s~,t!~
..•.•.'» ~ ~ <.Y..f'->S .s'.r. Bl .s~-",,'''''':'~;illJ'~4 ..::..-.1175 kN.m .r.'.r.
",,~'jJ .r..j.s~"'-!.jl'jl ~~I.JS"! III .,...;.'.s~-",,'~ ",.4;~ P ..JJ"':'
..,0"'; ..,J,...... .:,;., t" , ",....;ill •..•r' .u;.....J..l.oU'J' ~La. ,~I ;1 jl) ~'" """'';-

.(,,..:.

81

jl ~~ j' ~~I.JSjt,,;'J~~.r. e..,La.'..r..~'I,~ ~.r..jJ5:-.:. ~ Jl.,;'J J' -tl'

I "'" (f

4 "'" (\

3 "'" (r

2 "'" (f

,- I .. ' ~ L.., 'W, • - La..•........•...•~ ~ X. ) .. )j-ll~.r. "-0'P,
.--.,.--+--jooc-" P,at -----.' :a 4 2 I

a --, • I
__..•.•_. : I

a : ,3: I
I : : '
I , , '

Lala~alal b
A~I A-AF

~ J' jt,,;')~~.r. .;.;; •.....:.~tl .r.'.r."':',1 '""'''''-"! }'I.r.j J5:-.:. ~"" Jl.,;"J J' -tV

~. ,"",,,,,,,.,,:s ..,0"';) ~.::..-.I",,~'jJ ",j .r..'La.jl ~~I.JS,,!...:.,! ,"",,,,,;;.. ~

I A<11 I,-
b/{ b I b

I A<11
A-A~

4.7Pu--(I
ab

3.3Pu--(r
ab

2.6Pu
--(f
ab

2.0Pu--(f
ab
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Pu ('f

O.6Pu ('1"

O.4Pu n

f(= 30 MPa

Ec= 2.9xI04 MPa

F),=240 MPa

E~=2xlOs MPa250 mm

.~.

~10mm

..:;,::.-.F..

.r..' u;..j 1~~ I"" '" .r..j j.s:...:. ~ ~ ~ 0"'" J,1~ j I}")' j 1,,;, ),.. .),Jo ,"",Yo - f A

~..:.-wl; ....5..J..,)y J'!.j

~ 0~ ~)' ~Iyk ~Yo c..,u;.. ~ ,IJ'E160 ~ ~ 0.5,'1,>,....., ~)' -f~

.r..j .r..,u;.. jl ~~I"" '" ~ ...a"...; ) ~ Yo ' ~ '1.••• 1)' ~ Iyk ~ Yo c..,u;.. '"

(F)=240 MPa , E=2xlOs l\'1Pa) ~.:-..1;.~.,)~

0.73 (r

1.46 (f

0.66 (\

1.37 ('"

)~ J» 01S.:, ,~ y.;J '" o.5'»~ J» Yo.i j.s:...:. ~ ~~ y.;J ~ -0•

•(~-.l1 ~~ d..! lktojl..!.if ~ ),)) ~"'::......,I;"'S,J..,)~ ~j r.,)!.A.o jl...5..J..~l..u"'A.!~

300
I ! '

X
=30

10
500

20

2.85 (\

3.86 (r

5.82 (r

6.83 (f

200

),p, jSJ'"'"o)~ .;1.::.-:;,,,>!...,;~)4,.o ..•.•LS01 '1) o.5~l.s o.5l.yk,....., So,. -01

~ }I..:;..,.,;,U', O,))'! 1.:.uLii.i")~ ,,) 4 o,)y:..J ~ I ~ ..s'll,) ,,))1,) )1..,,9..>Ijl r.S~'

, ....:.~ • ....:. ,,<-,l>..oLr=I.5L , Lp~O.5L .><'. cr..1 )' ~I .,)1, ;1.,-' 0.5'> )"'" J»
'iCo-lI.,J...5..J..,)y ~j .r..,,)Ui..o jl~~'..u~oi ...s>'~~ ~,l.A.o)I..lJi..o .~4Z~=1.25Sl

_. __ ~.P
u

~~__L __ .. J•

0.9M, (\

O.18M, (r

0.70M, ('"

O.56M, (f
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..,:.Jl.S)J'" )' .~'J<51p'1 .:,,~ ~ ~ <5)L:J <5~1 ..r-I}> <5)L:J .:..,u.. )1.>.4. -or

.,;s.,'Y)!.j r..,u..)1 s.,~I.>S~ (~L ~ 4.7IJE/Fy) ~'JI, ~'JI~ ~

~~l

O.35AgF, (\

O.39A,F, (f

0.44A,F, (f

O.877A,F, (f

..:J~t>~j J'-! , Wn .)'!I.)'! , 0~ . ..:..1..i41:'0,) J'" )4 J'!.j jS:..:.~ ,~ ~Lo.:;.>Lwyli),) -or

..::..,ISTb ~ ~.," ".' J.W' ..;.'))1 .."l> ""I <5)1"",~ ,:,..00 <51)! ;l'1 .--...1 WL )!I)! , .;,L..S:.,.
Tb ) I ~IS ) lSi, ....", 1<S""'~..,.,...1'; ) 1~u J.S..J" l..i..,1> )' ..;.)! )1.>.4. .,,.:. 0'l.i;;.., I
)1s.,~I.>S~ (1.2DL+1.6LL) ..w <5).il')~..,-.,!;; )', LRFD ..;.')~ ..r-I}»,..::..,IS

~~t ~.~.,)Y xJ .r..,)1..a.o
Wo j WL-hl Wo j WL

II! hlJJ
W

Vb~O.0024WD + O.0032WL (\

Vb~O.0036WD + 0.0048WL (f

Vb=O.0048WD + 0.0064WL (f

Vb=O.0072WD + 0.0096WL (f

..;...:, ,1j1 •.a.•, J,J> ~ .:;)' )1 0"":' -...;. t... , .:.> 1~ J.!:...:. I ~ ~ <5' 'J,; .,;;s.,)' -0 f

...,...,\>..0 600 kN.m )!I)! ~..s.".....'>l( P .oj;, <5''J,; ~ .."l>...s.,.~ ""y,J'" r-
;4 ~1.r-D4) )b",:-,,!~~ l.51Jb;4 jl J..cl> w,.:.:...w Yo J.:l ~y. \.S,~ ()!.;~O.:r....::.....wl o~

)1 .;,,..., ~ .,;; (..,..J...» )1,d JWU'I ;l'1 .--...1 0"":' ...,...,\>..0 150 kN )!I)! (ol.ijJ) ),..". )'

)(,,!'),..~)!",-"u.. .....:.~.:.>I~.,J"-l'..:;,)~~..w<5u.)~,"y, WUF-WE,;
~'y,••.•Ipo;;s.,'Y)'.) )!.,u.. )1s.,~I.>S~ 4,;;.)1,')'"" ""I

(F,~240 MPa , F"=370 MPa)

322 kN (\

350 kN (r

426 kN (f

472 kN (f
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}'I ..::.....Iw~. ~4,"'~w,...,~ .JI..,;'I SJ. JO o>!., .so"',;.r-> yl> ~ JO -i:>i:>

.PDud= 250 kN .J'!1.J'!\$)l.i.!}~"jl .."-o I.SlA.:J1.> )~ w~ I.S)~ \oS'~ ,)~ ~;3

J-FS .s1J< •.....:.~y:.,1",. "JI, .slAoJ~ .s1J<w"'" , .....:.~Pt:Q~500kN , Pu,,~200 kN

~.::.....I~ w,..., W!.'.sIJ< J<.i &olJl. jl ~~I..u ~ ~ . .s,> w,..., ~ljJl

IPS 220 (\

IPS 240 (r

IPS 280 (r

IPS 300 (t

~ .sl ••..•.•••••IPE 300 ~'.xjl .s'o)o .,,; ~ .s~1 ~o Y JO 'Jd J,S:.:. ~lh. -i:>i'

JO"'; J~ ••••••,.. ~ ..->1)0 .:..,lJl. .=..,. OJI, ~. "! IJT, ~ .s,~oS.::.....1

J,S:.:. .s'J JO lAoojl-"l)~.::.....I;'SJ,Oy.xj J<.olJl. jl ~~I..u "! ~ .s,~ W!.1..HlJl.

.(...:;;.....,.,,1Fy=240 MPa , O.)~ ,.,.:o.o~~.J'!

77.3 kN (\

85.9 kN (r

116,0 kN (r

154.6 kN (t

u

-
650

= tTl
IPE 300

= -

PL 300x100x6 mm /"- ~T

.slAooll'.y:;, y.. 4 4;lAoo~ .F,~240 MPa ,.,..w' ...;.;:.'~ .so"''; "J' jl o""':'-.:;.;.L...,,; -i:>V

jl;SI ...:.-..Ici~)'~~ ~lh.o~J.) 30 ~.,lj~Pll;l~}1 ~ .t.,jlJb,).6.,...,,).:l,o,)l...i

jS~ )4) PI! ~t,),,> •.:1"':' ..:-.ilo.o wi ~~ ~W" ]1, o~ ~"';F~' 0i,..J'

~.::.....I;i~o y J<J .>1.0lJl.jl ~~I..u "! ~. h....,.;' J.o.oU ..HI>(Jlo..,.,..,..;

PL 300xB mm

PL 200x10 mm

PL 200x10 mm

49 kN (\

61 kN (r

79 kN (r

92 kN (t
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dJ~ .JU ~u..-s,'} ~ ~;" -S'.,!I, -s.>.:;)4,.o " ~ ...s:.,. ",t...>L... .."L9~)' -M,

e»~ .r.'~0~.=" J,.,.. j,L9)1••.••r'S' .••......:."••.•c~2M,JV,~0.2L",I",..u~

~....:."..ul"••.•)~ (,,..:.••.•J>~ ~ ~ .r.'~0~ .=" " ",I", oS) ~

a e a O.Ollh (\

0.015h (r

0.020h (r

0.025h (f

1.,I~ oS ~ 6 J~"! ..:.>I,:.s:.,.c..t.;....; " JU ~r -S'~ ~ " -S,') ~ 0"'" - 6~
-sl:.« ~I J>~ " .,)1, ;1.,. 800 kN ~.4,J )" }I """" •..:;....,1~ r' " 0 i os"lJ'...,s.;
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.(..:;....,1 -S,') ~ -..J~-S'~ .>.:;)4,.0.."L9~''''.: ... jl .s'r': 0"'" 0") ~..:;....,I.l~'}!

300 mm -. t =?

4 mm n
6 mm <"
8 mm ('I"

j 300 mm I
10 mm (f

J';;3 4.~4 o..t.:...i ..5.;) , o~ ~44-11.ot:~ r.J ~ Jl..a,j" J':> 4S..;')~J':> -7.

",j ..slS:J,...,1 J (.,,;1 os'"1» .r-:-s c.., lA.o .,) '..ul:o...l t I) r" , M 22 ~ j1 ., t.i>;...,1

A490 ty jl •.••r'-" ~) ~..:;....,I.l...s:.,.,}!",j -Su. •.••.?' jl ...s:.,.~I.>5"! .:.l"';# .,-..>'"
4.! .;s:..:. J':> lAojl..ul ...:......,,1Fu=360 MPa , Fy=235 MPa ~l)',)lAJi;, ~~ .:>"J,.; ,

. (..:;....,1 ~~

40t ......-e :
70 I

40 ----. :.

275 (\

250 (r

180 (f

210 «)..3"-1..40---1. . °
10 : :~

~7Zv~222l

I

e!£
.;.'~'

.-.-I_ ~ -..J_
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 8931 ماه مهر (A) محاسبات عمرانرشته  مهندسانکلید سؤالات آزمون ورود به حرفه 

 پاسخ شماره سؤالات   پاسخ شماره سؤالات

1 4   31 2 

2 1   32 4 

3 2   33 2 

4 2   34 1 

5 4   35 3 

6 3   36 2 

7 2   37 1 

8 3   38 1 

9 2   39 4 

11 1   41 2 

11 2   41 3 

12 4   42 4 

13 4   43 1 

14 3   44 3 

15 1   45 2 

16 2   46 4 

17 1   47 1 

18 3   48 1 

19 4   49 2 

21 2   51 2 

21 3   51 3 

22 1   52 1 

23 1   53 4 

24 1   54 4 

25 4   55 2 

26 4   56 1 

27 3   57 2 

28 1   58 1 

29 1   59 3 

31 3   61 4 
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