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Abstract 
This paper presented an effect of reinforcement ratio to Reliability index (P) for beam 

section at their flexural strength limit state. The flexural strength of the beam sections is 
mathematically modeled for singly reinforcement and doubly reinforcement. Results of the reliability 
analysis are presented in terms of the reliability index at various levels of reinforcement ratio. When 
the ratio of reinforcement ratio per balance reinforcement was increased. the reliability index will be 
increased until the ratio of reinforcement ratio per balance reinforcement ratio is 0.50. the reliability 
index will be decreased and when the ratio of Compressive reinforcement ratio per balance 
reinforcement ratio was increased. the reliability index will be increased too. 

Keywords: reinforcement ratio. balance reinforcement ratio, reliability index. beam 
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nl'i~~1':ilt"iEllJm13J'\.bb~ElnElm~ tm~t"i{1~ dJum~~~1':ilt"iElm1nf1ru.t"i3JlJ~m13J13JbbuuElU , 
"lJEl~m13JmJ~u'nul3Ji1':il::dJum13J13JbbuuElu"lJEl~n1~~1t"i~'V\1EliJ@i"lJEl\Jtm~t"it1~ t~EJm~,;t1bt"iUEl , 
':il::biJUbblJlJ'<il1~El~m~f1rn~~1t"i~f"lJEl~V1'~niut"i.1l11::~~'<il1n~ (Limit State Function) ~~3Tn\lEJ3JH 
~1unuJ'~'V\3J~ 3 ~UbblJlJ ~El 1) t"i.1l11::~~'<il1n~t"i\Jt"i~ (Ultimate Limit State) 2) t"i.1l11::~~'<il1n~ 

~ ~ , 
m13Jt"i1m~nn~lJH~1ul<i1 (Recoverability Limit State) bb~:: 3) t"i.1l11::~~'<il1n~m~H~1u 

(Serviceability Limit State) t"i.1l11::~~'<il1n~t"i~t"i~3Tn':il:: H1.um~~~1':ilt"iEllJ;ti~t"i.1l11::"lJEl~m~ 
~ , 

-W~'Yl~1EJb~EliJEl~nu';i~"lJEl~3Ju~m~EJU~1~':il1nm~-W\J'Yl'~1EJ"lJEl~El1m~ t"i.1l11::ii~'<il1n~m13Jt"i1~,mn , 
) n~lJ1'J5\J1ul<i1dJu':il~'<il1n~ b~Elt"i3J~~nu::"lJEl~tm~t"it1~n~wJ11'J5~1ul<i1'V\~~':il1nm~SJ:iEl3Jbb'l!3Jb~nUElEJ 

( ) 

, 
'V\1Elm~bt"i13Jm13Jbb'ii~bb~~ ~lUt"i.1l11::~~'<il1n~m~1'J5~1UbtJum~~~1':ilt"iEllJt"i.1l11:: ~t"iEl~f1~El~m3J 
'JJEln1'V\U~"lJ El~m~El ElnbblJtm~:: H~1U b '!lu m~ tri~~1'V\1Elm~bbelu~1"lJ El~ El~~ El1m~ 1 ulJ'Ylm13Jd 

':il::btJum~~~1':ilt"iEllJm13JU1b~ElnEl"lJEl~m~ElElnbblJlJmut<ilEJi~n1~~ t~EJ1'J5m~~~1':ilt"iEllJ<i11EJi~ 
•• CL.o' d g cv d d old Q,..I I R 

FORM (First Order Reltabiltty Method) nlJt"i.1l11::"lJ<il':il1n<il~~~<il bY-lEl~n~1n~El~~1t"ilUb'V\~n 

bt"i1U~'lJbb~~~~~EJe)~~1~lUb'V\~mt"i13Jt"i:IJ<il~ ~ijN~~El~"l5Um1:IJtJ~El~.nEJ (~) , 

m1:IJU1 b ~Eln El"lJ El~ tm~ t"i{1~':il::t"i1 m~nl.l~lJ El nn~~::~lJm1 :lJtJ~ El<il.n EJ 1<i1':il1mh~"l5u 
m13JtJ~El<il.nEJ (Reliability Index; ~) ~~n1'V\u<ilHlut"i:IJm~~ 1 

(1) 

, -1 
1<ilEJii <I> ~El ~Ub1Elft"i"lJEl~V1'\Jn'J5Um~bb':ilnbb':il~m~~~1UbblJlJtJn~ (Inverse of Standard 

Normal Distribution) bb~:: Pf btJufhm1:IJU1':il::ilJ~ t<ilEJUn@ibb~l ~ ':il::'V\11<i1':il1n~:lJm~~ 2 ~~dju 
t"i:IJm~'V\~n"lJEl~ FORM 

f3 = (f.1R - f.1Q) 

~O"/ -O"Q2 

t<ilE.J~ /lR, GR, /lo bbG1:: Go ~El ~1bQ~E.J"lJEl~rht~<i11umu (R), ~1bdEJ~blJU:lJ1~~~1U"lJEl~ 
I' , I 

rht~<i11umu, fi1bQ~E.J"lJEl~bmiim::y'h (Q) bbG1::~1bUEJ~blJUm~~!1U"lJEl~bmiimm:;1'h ':il1n 
I I . I 

t"i3Jm~ii 2 ':il::b'i~ui1bb'Yluii':il::n1'V\u<il~1m1:IJU1':il::lu~<i1~b'!lut"i:IJm~ii 1 'V\1nm1lJ~1 /lR, GR, /lQ 

bb~:: Go ih::t"i1:1J1~n'V\1~1~"l5Um13JtJ ~ El<il.n E.Jl<i1 

(2) 
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~f111::;j~r;hn'il~\I~'iI"lJeJ\lmufleJun~Ii1L~1lJL'VI~nlum1fln'M1d mj\leJeJmuu 2 mm fleJ 1) 
'II q 

oCiI A fI!t Q../'. d #II 1.c:I • • . a A r:t Q..<O d 

mrnL~1lJL'VI&lmlJLL1\1'i1\1Ll'4£J\leJ£J1\1L'iI[J'"J (Smgly Remforcement) LL&l:: 2) mrnL~1lJL'VI&lmlJLL1\1'i1\1LL&l:: 

LL1\1!il'il (Doubly Reinforcement) !il\lLL~'iI\llu1U~ 1 
'II 

'/~ 

~ I~l. 

I b=30.00 em. I < 0 ) 

Singly Reinforcement 

.--_---...L 
d'=5.00 em. 
T 

Doubly Reinforcement 

W\lnonuU1::neJlJ"lJeJ\I tlJLlJulil~mu~1J11ii' (ri1~\I~1J11ii'"lJeJ\lmu) lumm~L~1lJL'VI~n~Ubm~\I 
L Vl £.1\1 eJ ci1\1L~£.I11~LL~lih' 111 u~3Jm~~ 3 ,hul Umm"lJ ehlm~L~13JL 'VI~n~lJLL~\I~.:lLLE'l:::LL~\laIi11~LL~Ii1Aj' 

lu~lJm1~ 4 

M =(Ao/"d)_((AJy)2] 
R .,J y 2¢ !c. ' b 

(3) 

(4) 
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1'U~-l'U.'lJe:hHl<i1'Jl~/'\.U'VI~m~~~~"iI<i1fnJ<i1i;'l (pb) l~bb~<i1.;)l-n'U~~m'J~ 5 <i11~m<i1'J~1'U . . .. 
fllm'Jflfl'Un'i<i1 b~~~b 'VI ~n t<i1 E.J1TInl~';)'lJfl,;)1mm'J~~m'UbbV:';)'Lh::b 'YlV11 'YH.! "1 b~fl'U~mlfl~ lJ'IAl.V1. 

2543 [1V1/m'J~~m'UbbV:';)'Lh::b'YlV11'YlE.J "1. 2543] 

Ph =¢B 1c '( 6,120 J 
1y 6,120+ 1y 

(5) 

t<i1E.J~ B ~fl fhm'Jm::"iI1E.J'lJfl';)'VIti/mb'J';)'lJfl';)flfl'Un1<i1biJ'U'J1J~b'VI~E.J~b'Ji'Ub~E.J/n'U ~ 
'U 

nl'V1'U<i111KbiJ'Uf11fl.;)~iif11 b 'Yhn'U 0.85 

~/bb1J'J~~~nl'V1'U<i11-n'U~~m'J~ 3 n.;) 5 tt'Unl'V1'U<i111Knl~';)'lJfl';)1~<i1b'Yhtt'U~dJ'U~/bblh~~ 
• •• 

t<i1E.Jiinl~.;)5<i11h::~E.J'lJfl';)flfl'Un'i<i1'J::'U 280 ksc. biJih~/bblh~~~iim'Jbb"ilmb"il';)bb'U'U1Jn~ (Normal 
q • 

Distribution) <i1'l~~i;'lm'J~n~l'lJfl';) ~';)/'U /';)~'lf/~<i1nmbi;'l::mu,:: [~';)/'U /';)~'lf/~<i1ni;'l. 2544.] bbi;'l:: 
• • 

[~';)/'U /';)~'lf1~<i1ni;'l m'J<i1 tfl<i1'J~'Uf bbi;'l:: 'VIl';)bbfl1 'Uru~/'U.2544] ~1'U'lJfl.;)nl~.;)mln'lJfl';)b'V\~m~~~ 
II II 'I QI 

iim'Jbb"ilmb"il';)bb'U'Uf11~1~<i1 (Minimum Extreme Value Distribution) <i11~~i;'lm'J~n~1'lJfl';) ~';)1'U 1';)~ • 
'lf1~<i1ni;'lbbi;'l::mu,:: [~';)1'U 1';)~'lf/~<i1ni;'l ~1iE.J V:/';)"iI1.;) bbi;'l:: i1l11<i1{ ~t1~iiiE.Jni;'l. 2545] ~';)bb~<i1.;)l-n'U 

'I 'I dJ 'I 

d 
<i11'Jl';)'Yl 1 

fe' 

f11nl'V\'U<i1 (ksc.) 

280 

4,000 

1 
f c '( c) = .J 

21UJ'c 

Ile = 379.62 

u = 6,381.54 

f ().)=- e () exp -e () 
1 (("-")) [ ((V-"))j' 0 ~ y ~ 00 

.r e 

(J = 64.37 

8=153.85 

(6) 

(7) 
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.., 
bbi.i:;,.b'V\,UnlJ"l"lYl m)'~ 

• 

.., 
U lVJ un tJ"l"lYl n <ill tJ ~d 100 10 • 

.., 
U1VJumn"lYlmJ"l 300 30 • 

j:..Ji.i"1Je:h'lm"l~mO}llJ:;mj\l€l€lmlJ'U, 2 mrn <ill;W~n'lo}rn:;"1J€l\lm"lb~1;WbVJ~n1'U,VJU1~~wn'U,~\ll~ 
bb~<n\lHl'U,<ill"ll\1~ 3, 4 bbi.i:; 5 bbi.i:;1'U,"l1.l~ 2 Ui.i:; 3 

'II 

, 
1Pl1bbth ' '" 0 A1Ylnl'11lUfPI 

~ 0.85 

B 0.85 

fe' 280 (kse.) 

fy 4,000 (kse.) 

~ DL 
100 (kg.-m.) 

~ LL 
300 (kg.-m.) 

(j DL 
10 (kg.-m.) 

(j LL 
30 (kg.-m.) 

b 30.00 (em.) 

d 55.00 (em.) 

d' 5.00 (em.) 
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2 

~ P/Pb P Pb As (cm.) 

0.10 0.003058 0.03058488 5.05 -1.483 

0.30 0.009175 0.03058488 15.14 1.960 

0.40 0.012234 0.03058488 20.19 2.410 

0.50 0.015292 0.03058488 25.23 2.460 

0.60 0.018351 0.03058488 30.28 2.144 

0.70 0.021409 0.03058488 35.33 1.880 

0.75 0.022939 0.03058488 37.85 1.610 
) 

@I1'l1\l ~ 4 Uffrj/J eJmltf? U "lJ iJJ! VI ~ nl ff1:JJJ1J U 'JJ ~J rj/'iJ eJwnw':JU! VI ~ nlff1:JJ ff:JJrj/ fl nmh i'lfU rrnmJfliJrj/nlJrtM , 
iUnnU!ff1:JJ! VI~nJ1JU 'JJ~JiJ[hJ! ;ilJJ 

As As' 

P (cm.
2

) (cm.
2

) 

0.10 0.0015290.03058488 0.003058 5.05 2.52 - 1.557 

0.30 0.0015290.03058488 0.009175 15.14 2.52 2.258 

0.40 0.0015290.03058488 0.012234 20.19 2.52 3.212 

() 0.05 0.50 0.0015290.03058488 0.015292 25.23 2.52 3.439 

0.60 0.0015290.030584880.018351 30.28 2.52 3.261 

0.70 0.0015290.030584880.021409 35.33 2.52 2.748 

0.75 0.0015290.030584880.022939 37.85 2.52 2.446 

0.10 0.0015290.03058488 0.003058 5.05 2.05 - 1.570 

0.30 0.0015290.030584880.009175 15.14 5.05 2.670 

0.40 0.0015290.03058488 0.012234 20.19 5.05 3.820 

0.10 0.50 0.0015290.03058488 0.015292 25.23 5.05 4.271 

0.60 0.0015290.030584880.018351 30.28 5.05 3.900 

0,70 0,0015290,030584880.021409 35.33 5.05 3.531 

0.75 0.0015290,03058488 0.022939 37.85 5.05 3.330 
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3.000 
2.500 
2.000 
1.500 

f3 1.000 
0.500 
0.000 

-0.500 pip!' 
-1.000 
-1.500 
-2.000 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 

'ru~ 4 LLW~Jm13Ji3JwufneiJam1IhU"lIeJJLVI~nLW13J111LL1J~J~€Jam1ff'JULVI~nLW13JW3J~rinl1rhi'lfUflJ13J .. . 
I1ri€J~.nu~i~i unnULW13JL VI~n111LL 1J~J mhJ L iiu'J 

5.000 

4.500 p'/p!,= 0.05 ... 
4.000 e' ... 
3.500 : • 

" .. 
3.000 

2.500 , p'/p!,=O.lO 

f3 2.000 

1.500 

1.000 

0.500 

0.000 

-0.500 

-1.000 

-1.500 

-2.000 

0.00 0.10 0.20 0.300.40 0.50 0.60 0.70 0.80 

"juri 5 LLW~Jm13Ji3Jwufn€JJ a~ 11ff'JU"1I€JJL VI ~ nLW13J~ €Ja~11ff'JuL VI~nLW13JW3J~ri n11fhi'lfum13JI1ri€J~.nu .. . 
~i~iunnULW13JL VI~ n111LL 1J~JLLri::LL1J a~ 
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I d ~ Q.o< I I d .::!I .... Q.o< ~ 
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Method; FORM) mUf1num'j~1~el--1 t<t1fJ1TI~€Jul~fnf[~ (Monte Carlo Simulation) 'V'lu11oyf--1mru. 
'\J 
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