
< ' < 
~i.1~~~~ l~~~u~~* " , 

1. u~i 

rEctangu lar sectlonll~~ T section 
, 

o ~ " 
~lmLL~U~OO~LlU1LL~~~L ~~iJ 

\I I I \I I " 

iii Iteration 'lumrut<l~mU~ull'i~~L~~~l-I~U~l'l~~l-Il-I~m k LL~~~umruoo~m~ull'ifi , 

II ~ v 6' I ... , " I t.I '" ...... 

UiJ~~iJ ~1J ~ ~nl ~fl1l t1nn 1 ~LL ~n~m~~ti A ~1~~fl1~~m 'fl1~'li L i1umN~ fj'l:j ~1 fib 1l-1~fl1 
S" " 

, ..., , . " tI \I I 

~1UL flU ~lnfl1l ~n 1~~~<1'~tiVI~n 11'l~fl1l ~~in l~flolU1M1i 1..1 i ~m~~~iJ ~ n I~ L ~~U Compu-
, " • v 

« 0 ... q v "" 
ter prograrrune L ~nl~flIU'J(UiJiJmLUUfi -iU~Ulflm ~!'I1Uflll-l"~1~nl~ Iterat ion l-Inl~ 

v , , \I 

~ULtiftiJ~n11~n~~~i1f11fl~iiifl ~~ 
\I' .... ... 

U~fnll-l\j'l~LL~fl~nl~~lfl1 k tJiJ~fllU fl~~. Y'~~iJ~LlUU1~~iiifl1~ ~i~~ 
, ~ ~ 

~ll-11~l1fliu~ll'.nfl1 A ~l1nfl1l~1fll~~fl1~Ww~ 
S " 

nli~liln'lj~tJiJ~~l-Inli~nni~~~ll-1 

~l-In li~nni~~~~ll-1~ u~t1 
" 

3 2 
Y +ay +by+c = 0 

~ 

AIl.:lil1mul~ L i1U~l-Ilfl11!i lU 

3 
x +px+q = 0 

lflbn,ill~fl1 y = x-a/3 

, 

< <' 
* 7iJ~l'11~fl11"~~, fl'fl1fjl1l'11niil-ll~til, rn~1l'11mil-ll'11Afl1 ~11~l!'1~~OOUlLnU 

(1 ) 

(2 ) 

(3) 
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I '" II '" 

L~B~I~ln~~ x ~U~~nl~ (2) l~~'~~I~I~n~I~ln~~ y ~U~~nl~ (1) l~l~uL~~~ 
~ . 

nl~ (3) ~ln~~~~nl~ (2) Bl<lLUU~~ Real roots LLfl~ Imaginary roots lflu~ 
" I '" 

." q .. . ••• " .... .. .. .. 
uq,11-W'l~nfll1n~ L Ulillq,Mll'1~~f11""l'1",~nlUf11"" ~ ln~~nl~"~~ml~~IU1'11~nlUf11""ffiffi ~ , 
LUU Real roots ~~'~Luul;LriB{~~~~l'1i~u~~nl~ (2) ~~'fll~~~nl~ (4) 

3 2 4p +27g < 0 . 
LLfl~t~ln~~ x LU" Real roots ~1~f)lfID 

x = "/-4p/3 COE CI/3, ,f-4p/3 cos (120 ± CI/3) 

1 ~u~ cos CI = 3q/P/ -4p/ 3 

tI I I t.I 

2. f)1~Ulir.~L~aU~NUHl 

(4 ) 

( 5) 

(6) 

~unl'jf)iU1MlBnLLUUfnU f)~fl. LLUU Singly reinforced rectangular 
• 

section fI1nifl~~1~f) 
.. 
ffi , 

v , tv V I I tJ 

ml~nl1 ~ b LLfl~ml~~ntJ~~~l'1iiHfl d LUUf11~ffi~ni~uflwnBuili,LU"f11~ nl~f)iu1MlBn 
" I V ' , V \/. 

LLUU~U~1Uilffinl1~1f11 A ~~"iLUUffi~~~f11 k ~Unl1f)iu"l(u f11 A LLfln:l k ~~LUU 
s s 

I I V I V • 

LnB L ~·UlJ~l.Inl1"'mV~I~L~~U~mnuw~ Strain diagram ~1~nn~lJ~11vLlJ 
" " 

11.1 k = 1/(1 + f /nf ) LLfl~~~nl~~~f)fl~~VrUlif) C = TnU M = Tjd If,ULLUnfll,. 
1J s c' -

VV " V tiLl V v 

l1f11lJtJ11LLfl~fn 1~~ l1f11lJ'lflu,,~1f) 
" 

(l-klf /k 
C 

A /f k s C 

,. ~ 

~lJL~~n f ~~n~f)IUB~~~ 
s " 

tI I .... , 

L~ ~~Bl'l'1fl~BU1"LnB 

bd/2f s 

= M/f d s 

( 7) 

(8) 

(9) 
I V I .... I" I 

f)1 A ~~ L UlJ-tJlJl~i~lJm,lJlif1L ~~n L ~~~mm~l'1iL~l-\U1ULL ~ ~ 
s . , I I tI I I I I 

~1~U1ULLHBv"~~~fl~UffilJn~fl f 
" , C 

LUlJfll1l.11~flinllf11UB~ 
" 
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M < ~'t 
~ 

LL'i .J r~l1l'ilJ f" 'IIfl.Jl'I1.Ji?111 , 
, ~ 

LnmJil'ilJnl'i (7) (8) Ll,,~ (9) m1J<.ll1 A ,f ,~111l'i.lnl'i~nni"~.J'IIfl.J k 
s c 

k3 _3k 2_C k+C 
o c 

Ll1~~ C ~ 6nM/f bd2 
o s 

o 

~ 

L~~1JLth, standard fc·rm LLlJUrilJnl'i (2) 111Ll1mLYIl.1f11 

k = x+1 

3 
x +(-C -3)x+(-2) = 0 

o 
• 

fil 4p3+27g2 'IIfl.JrilJnl'i (13) n~lLti~ 

4[-(C +3)]3+ 27 (_2)2 = -4(C +3)3+4x27 
o 0 

( 1 0 ) 

(11 ) 

( 1 2 ) 

(1 3 ) 

I I V I ,. I I 

~.J~fI1llilUn'llt'1~~Ll1lJtlL~'il~ C ~f\1Lti1Jll'ln LLl'il1.J'll x LIll'ilJn1'i (13) ~.Jn'iln,;~ 3 
" 0 

x = ~4(C +3)/3 cos a/3, ~+3)/3 coe (120 ± a/3) (14) 
o 0 

Lfl~~ cos a = 6/(C +3)~4(C +3)/3 
o 0 o " ~ 90 (1 5) 

I 1..' I 
c:I.... '::_~ q~ ",I 

'i lnVllJt'nllJl'i.,1~'VI1.Jn lU111i'Wl'i .JnlJlJq,J\1 11l ffi 'i -·ny, 

x = ~4(C +3)/3 cos (120-a/3) 
o 

(16) 
I I I I 1.I 

l'i 'lll'j In,; .J~llnm llJl'ilJ l~\'11.JnlU11 ,V;\1 L tili'~ ~ 1lJ111 

2,.."'", <II 
fi-:Il fili". !J\jl~' bxd = 22x55 em .1'I1l'i11 lJ f = 180 ksc f 3000 

'c y 
• 

~ ~ 

ksc 'l1..ILL Hl1l1 M = 6500 kg-rr. ,~nfl1 Modul ar ratio n L ~Il 

n 2.04x106/2.33 1 • 5 4270f18O = 10.01 
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~ 

'ltln=10 
I I I t,; 

fI1V1U1ULL ~ ~Vi!JElIJ'l VI 

f = 0.45 f = 0.45x180 
e e = 81 kse 

f 
s 0.50 f = 0.50x3000 

y 
= 1500 ksc 

LLfl :: 

1/(1+15000/10x81 ) = 0.3506 

= 0.8831 

= 
2 

81xO.3506xO.8831x22x55/2 834497 kg-em 
o ~ 0 

Mb (M = 6500 kg-m) LL\'lfl~11L~iMlJlifIL~~IJLVI~n?l1 

C = 6x10x65000/1500x22x55
2 

a 
= 0.39068 

cos a = 6/(3.390€8) J4x3.39068/3 = 0.8322 

• 
33.67 

x J4x3.39068/3 cos (120-33.67/3) = -0.6844 

k x+1 = 0.3156 

kd 0.3156x55 = 17.358 em 

j 

A 
E 

= 1 -k/3 

6500x100/1500xO.8948x55 

o 
q .o!; 

= 0.8948 

= 8.805 
2 

em 

fl11~lJl!JV!-i~nl!J1l1~tID ~~ lmn Vlf<El 
I • ~ v 

tflV1iiJ~ln"li~~n 2 f11 tID~i1El!Jl~n1~f11lJ'JrutJl~?llJ REJ 

x = J4x3.39068/3 cos (33.67/3) 2.0856 

x = J 4x3. 39068/3 cos (120+33.67/3) = -1.4012 

k 3.0856 LLt'l~ -0.4012 

kd 
. ~ 

169. 708 Llt'l~ -22.066 em. ?l11Jt'llf1U 
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, V' v v' 

L n£llJi fI1 kd ~~Ii£l ~f,ill-l1 L ~rJlJ 1tJl1lJ1~,rilllJ~lJLL H£lvfl~£l "fiillJn ~fl1 flrJ 1fl'lln 
" V' , 

LL lJ l11ilv~ fl 1lJ'l ~ ~ L ~ 1111"i LLl-IU" L l1~n L Ii~l-I L illJ ~ ~rJ~ fllU1 n 
'V , 

L Ii~l-I L illJnrJ~fl~ilu 'l~ Lfl~tJrl~LLlifl~'\lJ~tJ~ 1 ~ LLil~ fl 
" " V I I, v' I V I 

~mLrnl"l~ff'lm~£l ~ ~tJVi 1 n ~LLlifl~Wu~HuLL ~ ,£lvr,OO ~f1llJn:;flVl LiiflY1u'l~~n'i.J~tJ~ . " " 
I . v I I • V ' I V • 

1 ~ "(it f ~~LLlifl~~lJ~~'i.JLLH£lvflOO~ffilJn~I',ViLl-I!ll'lLtJl<'li~Lfl fill '\lJmiihtJ~ 1 n YruV, 
" V I I V I 

~vULL ~ ~!lvflOO ~ffilJn :jI'lLLil ~WuYIL l1<in L 1i1l-1~vULL ~ ~fl ~ !l rJfllJil ~mlJOO ~LLlJ 1 Lml.l':~ L Vru IillJ'\ lJm~ 
" 

, , , 
V,LLlJ lLLnlJli~ L Vru LLil~fl11l-1 L fl1rJflii ,Ii,,'\ lJ fiillJn :;I'lVlLLlJ l11l1~fI1lJ'li ~ 'l~WU11fll1l-1Lfl~rJfl'\lJ " , 

I f I V 

L I1fln L liil-lnfllU1nilUf1ll-lfl11l-J L f;1rJ!1'\ lJf,E1lJn ~fl ~ ~ L illJ'l~ ~ Ll-JLfl 

v • v 

~ll.!nl m 1l-J L fljrJflYIL nfl ~lJ ~~ LLlifl~'\ lJ ~tJ 
" I , I I "" V I 

n '1 ~ frilJ 'lClM" A1 A '\ lJn ~i\lv,Ll-J L tJlJ'l ~ ~ 'l ~'/IlrJ'\ l'lrlJ'\'l'\ lJfi11l-111nW "~!l ~lil-ln 1 ~~ 
s " v v IIV v 

rJnl-ll1n ~ n 1 ~ flilJ lCl.1J1ill-11 ~ llVii L fl~~ 1 flrJ'\ '/lilt. 1~ 00 ~ LLlJ lLLnlJli~ L Yru LLil~ 1 flrJlil-lnl ~lil-lflil , 
" .... <. I I ~ I ~ I 

~£l ,V\J',l'ifl 11~£l LL H~'lI11rJlJEInnfl1 L V11n'i.J1l-J L .'lJH,lUflOO ~LL HlI)jjjOO ~l1lJlrJLL H'\ lJffiUn~fl 
" • 

C LL(i~'l:E1~'y\lJlrJLLH'\ULI1~n\liil-J T 
, 

'\ lJn ~ru~!l ~ ~tJ~ 
" 

169.;08/3-55 1.57 em. 
L V I v 

\IIi '\ I1fil.! ',(lim. 1"YlUl1 A 'llnlil-ln 1 ~lil-iflil~E1 ~I1U1i" L ill< s , 

A 
s 6500xl00/1500xl.57 276.126 

lOA (169.708-55) 
s 2x169.708

2
/2 

2 
em 
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A 
s , 276.187 2 em 

22.066/3+55 62.33 em. 
v v v 

V!'l'll1L11 A 1118~Nf"mil.Jf1f1Y1il'l1Ulif1LifU s • 

A 
s = 6500x100/1500x62.33 6.95< 

v 

l1~ill 11U L ~UU~l.Jf1'; ~ f11l.iilU ll.JYlil ,LLU1LLnU~~ L ~'~L 11 

lOA (22.066+55) 
s 

A 
s = 

22x22.066
2
/2 

6.95 
2 

em 

I I '" I 

2 em 

, 
ti"ll1~Uf11 b ,d LLf1~f1'l~~Ylilri~11~nil1U11'll1tif1l1i1, <J f11 C '~~,1"1).jfl1LL Hfltl • • o " I I V , IJ I I 

" 'V q.. V V ..,1 ... : q V 

M VIf) ~ ~vnf1ill1Ulf111 f11LL ~'11f1lJl.Jf11~' L nUf11LL ~'f111~l.J11f1 " . Mb OO'l1U'Ir.tlLI.lL11 . , , , 
~.tlYlil' C ~'Lif1.:f';~MT'J~~l.J11f1 o • ~'''l~L~8n l 1 C

b 
, v 

,Vtl~tJ~).jn,~ (10) 'll1lj'~Ltl 
y 

, , 
qq 0 V q V .. ,.. Q: .. 

n~(\iV!nlf1'Ylil'f1ilUmf1~'l.Jln~ ll.JnUf1iHYlil, L l1f1nml.Jln f11 C
b 

'~~'l.Jln L tiU f e = 
" I V t 

400 kse LLf1~ f = 2400 kse ,~1f, Cl; = 1 .338 LLf1~ a = 54.9' ~'ill"li1ilLmlLilu 
I ¥.... tJ I II .... 

111~,~tlYlil~ C YBl'Ln11UuLtl'lU111~DU~ ~Ul,L~fir.l).jf11~L~iln~UftNnl~Ylil,1~tli,~, 
'U, 0 1 , 

I tJ I I r 
q v", ~ ~ °4· 
Y,Ll1WI~~l.JnU,~~tlf11 C llm~1111, 0.28 (1, 0.78 LLf1Ui a ilUn1111, 29 (1, 45 

o y " 
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c 
~(-

c -
c-

" ~ --­T 

, 
I 

, 

s 
I 

I 

-

e 
c 

e 
C 

c 

1 
'" '" c 
~ 
N 

I 

N .. Z\.. 

A 
s 

0 

n) .,,0= 17.538 em. ~k. 
i\ . i~. 

: .) kd:-22. ;·66 err.. 

'l!) kd 169.7(06 em. 

o ". q <!:jqU U q 

~tI)IJ WUmUll ~ ,l)flYltJ ,)f\!)Um~WI13Jfl1 kd 

" 5. fll\MtJl~fl'n.lllu~~ 
~--

'lUfil~fl1U1MltJmlUUfllU fl('j~. LlUU Singly reinforced T e.ecticn fll 
t.I t.I I t.I 

fl1llH,rfl ll~~Y1UlfMU1?ifl1flllnf1-,lm'il' b lL~~fl11lMUl t tiLJ,)i1nfl11lJ~n 
I I I t.I 0" • 

fl1i1U1Ull ~')Vi Li'ifl~'l U l i1~n l "~lJ ~ULl ~ ,~,) f 
s 

lilufl1~mlJl ~aUlt· 
~ 

c -
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~ 

oll.Jn11ollJlIl'I'1I1H,.,lJ11l
v
f: ol"n-'1'lln Strain diagram , 

4" I .... • 

iilJ 1n ~ ~\'ilYiti ~ i' 1 -: l'IVV;jj ~il ,,mlJ 1,JLi 1 ,il
v
lI'l lJol1Wfl Y1il ,"'lJ-,r~r, ,., ~il m 

iil\. 

M = A f (d - ,) 
s s 

y = [t( 3kd-2tJ]/[3(2kd-t)] 

k [2n~ +bt
2
/d]/[2nA +2bt] 

s s , , v 

i~ilL~tJUm y'l lnollJfr11 (18) nUollJn11 (19) 'l~"l1l 

Aft (3kd-2t) 
s s 

~ 

'lvr ;11Joll-n11 (20) 'lm,,'l:;"lll 
" 

3(A f d-M)(2kd-t) 
s s 

A = bt (2kd-t)/2nd (1-k) 
s 

( 1 8) 

( 1 9) 

(20) 

(21 ) 

(22 ) 
~ 

iLVl\Jfl1 A 'l lnollJn11 (22) 'llJoll.Jn -,~ (21) 
s 

'~II1J-ni1 (2kd-t) LillJ~1t,IU11lJ Vl1'lVl'lvfI 
, 

11J L ~t''l"vll.J L ilu 
" 

k [6ndM+bt
2

f (3d-2t)]/[6ndM+3btdf (2d-t)] 
s £ 

(23) 

~ v 0 '" II I III 

~lJn:~ (23) UVl1'l,.,fl1lJ1rum k 00 ,mlJ"'lJ-,r~r' 11J~1~"l VlL VltJm "lnfl1~V!n1 
" " IJ 4 t.I t.I I.... • 

mJ~,'l,., fl1~m 1'l~il1J 11'l1 L illJV1iJ, L ~~lJ L ,.,~m\m ~ ' ilVf:mW~il "llJn 1 ~Vl1 '1 Vll VltJ L 1J~tJ1J L ~Uf1 
... I I.... tJ I I V 

k iinUfl1 k ~lJlIl'I n11m 1'l~il1J11 L ilUwo,,-,~m1J~1~'l~ ,,.,1il Lil~lJ1~Vl~ L "'~tJlJ~lJ¥lln1~Vl1 , " 
~ 0 , 

'1 VlL VltJ L 1JjtJ1J L ~tJ1J ~ ~tJ:; ;;1LLVllJ~LLlJ 1LLnlJ~ ~ L Vi\J,., ~il m kd n1Jfl1 !'111l.JYi\, 1 t 
V I I • 

lJilfi'nnU fl1 k I'I1lJ~lJn11 (23) 'l~i1m L VI1n
v
Ufl1 k 1'I1),j~l-1n1~ (10) 

o .. 
LIJ!) 

I V , tJ I V I I I .... 't.I 

LLVl\Jfl1mtJfl1'i'llm~b1(lJLLli~LlVI\Jfl1 t V11tJfl1 kd L'lIlJ L~mLVl\Jfl1'llJ!'Il.Jr~1 (23) V11tJf11" 
"' -I II I ' I I • 

~'l'll'llJflv1iltJ1'~LL~Vl~"l1JnULL\'i\JfI1 t = kd = 17.358 em fl1 k ~f11lJ1CIJ'lln~),Jn11 (23) 
, I' II I V 

'l~nr.1 LY,1flUijfl1lJ1CIJ"l1l'llJ~1iltJ1,UlJ 
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6. tJYlfi~1.J --,-
V 1.1 tllIV .. 

iBf1iU 'XlM1fl1 k t1~~UYlU1if)lr~~tJ ~LLtJtJ~1~mJU'JL1ju1Bl flUfl~ ~ Y1i'lYlt>;,lmt1 

, v V I V V V I t V III 

11~'IJtJ 'l flL 1.J ~UtJ ~jHiu '1 utJn 'nnum ~ f1iu ')(U'lu'l fl1.J~lJ 1UilruViL Y1~n L O:~lJ 7ULL H~~ 'l1J'l fl'l tJfI1 
v v 

ni~~'IJtJ~fltJun1~1f1u~7~ Y1i'lYl~11J17t1LatJnr~Y1\Jfl7~~tJiu~1~'IJtJ~fltJUn~~~~n17f1;~'~ , 
'" I t.. V V I I ." 

w.tJiIJ1Mru~L Y1~n L ~~1J7ULL ~ ~~~'l f1 1 flb L ~tJn'lYl~tJflfI~tJ ~nvtJfl1Y1U1mL 7 ~tJvf1th nflw'lufiilU 
, , v 

n1~ LL~~f11 n ~Loon'ltJ'lum~f1iu1l1J 
, Vi I I v 

"', "'II .. 
1!ifl1U1l1Jfl1 k ~i L ~UtJUU1'l~~li 1UtJ 1u'lYim ~~mI11tJ1n17tJtJmLUUfitJ,.r:; fI 

I I I V' • tJ 

L~~IJLYI~n 'lu~1u~LnU1'IJtJ~L~u'lUtJU1~nu7~~Y1fin1~1J1nU~W 
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