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Tension Steel Position in Beam
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Analysis of Single RC Beam (Tension steel yield)

g, = 0.003

{ < C=085fab c
d — I D ) A A

d—al2
d-c
SR TEA - ;
[C=T] 0.85f ab=A_f Ot o, o _[9=C),
. c s 'y d—c £, s C cu
AT,

2= astp c=alp, If e,>[e, =f/E| - f=f
£ = _ 6,120( 9=¢] < 1
. = & E —6,10T <1 Check by p <p,

M, = A, f, (d —a/2)

Example 6.1 — Moment Strength of Single RC Beam

A

f'e = 240 ksc, f, = 4,000 ksc

60 cm d=60-4-0.9-25/2=52.6cm
3DB25 p = 14.73/(30x52.6) = 0.00933
L |® ® e A =1473cm? .
AN A5 Prin < P < Prmax
30 cm

Assuming g > g, | T = Agf, = 1473x4.0 = 58.9 ton

a0 At 58.9
0.85fb  0.85x0.24x30

= 9.62 cm

c =alpB;, =962/0.85 = 11.32cm

e, = 9=C s = (326211320 453 _ 90109
c 11.32

f
€ :_VZ&OES = 0.00196 g > g OK
Y E, 2.04x10




Nominal Moment Strength

M, = Af, (d—a/2) = 58.9 (52.6 — 9.62/2)

= 2,815 ton-cm = 28.2 ton-m Ans
£, = 0.003
0 =962 CmI . C =58.9ton
d=52.6 cm

e T =58.9ton

€
y
£, =0.0109 —|

Tension, Compression and Balance Failures

£, = 0.003 £, = 0.003 &, = 0.003

o

— J "

€ > g, g, = f,/E; ~ 0.002 €< g,
Tension Failure Balanced Failure Compression Failure
g, = 0.003 g, = 0.003 g, = 0.003
gs>¢, —> fi =1 gs=¢, —> fi =1 gs<g, —> f <f,

P <Py P = Pp P> Py




Compression Failures

£, = 0.003
C
d
I. _____
g, &
€ _ d-c
€ C

0.85f'

al C=085fba

C=T

0.85f b B, c=A,f

0.85f bp,c = 6,120A_(d—-c)/c | Solve for c

M =Af. (d _ 3)
2

Example 6.2 — Moment Strength of Single RC Beam #2

60 cm

10DB25

30 cm

v
k3

< <4 cm
ianidaan 9 mm

A, =49.09 cm?

2.5cm

f'e =240 ksc, f, = 4,000 ksc
X = (4x1.25+4x6.25+2x11.25)/10 = 5.25 cm
d=60-4-0.9-525=49.9cm
p = 49.09/(30x49.9) = 0.0328

"NANT97A A5 p > [ pp, =0.0262 ]

.. Tension steel not yield : f, <f,
0.85f bp,c = 6,120A (d—-c)/c
0.85x240x30x0.85xc = 6,120x49.09(49.9-c)/c

c2+57.8c-2,882=0 —» c=32.1cm




f = 6,120(%} - 6,120

(—49'9 _ 321) = 3,394 ksc

a=p,c=0.85x32.1=27.3cm

M, =A.f (d - %} = 49.09 x 3.394(49.9 —27—2'3j/100

= 60.4 ton-m Ans.

Strength of Doubly Reinforced Beam

b q 0.85f,
fe——— y & =0.003 fe—
vy A g’ < C! — Aé f;
A XT?S aI C.=0.85f'ba
h d
As v = =T:Asfy
M oment: Force:
M =M, + M, T=T,+T,=C_ +C

. A f, =0.85f ba+Af,
= Cc(d—ij + Cl(d-d)

A=A+ A,
= O.85fc’ba(d —%J + Af/(d-d) T, =A4f, =C, =0.85fba

T2 = Asty :C; = As,fs,




MINTIVTOUANNAIBAKANTNTION b d . = 0003
Ccu *

——
A ‘ XI?‘QQ
oy ) h . 7
g = 0.003( j _ 0_003(1_ _j
X X A
A &
. . . f f

Compression stedl yield condition: &/ >| &, == =—T—

E. 2,040,000

From T=C+C — A f=081Dbg x A"

:(As_'aé) fy:(p_pl) f,d
0.85f/bp, ~ 0.85f/p,
(A-A)f, _(p=p)f,d

0.85f./b 0.85f/

Compression Steel Yield

gl = 0.003(1— d—j <g,

X
' ' f
0.003/1-98%kA Ay L
(p—p)f, d ] ~ 2,040,000

., 0858d( 6120
PP =TT d (61201,

Stress in compression steel f/=E_s. = 6,120[1—MJ < f,

(p—p')f,d

_ !
Double RC balance steel ratio p,=p,+p f_

y
L Single RC balance steel ratio

!

P = 0.75 p, + p'::—s

y




If comp. steel not yield:

From T =C_+C]

! !
g, <g, —> <

— A, =0.85f'bgx+Af

X:Asfy_A;fs, a:Asfy_A;fs,
0.85b 3, 0.85f'b

Comp. Steel Yield:

Comp. Steel NOT Yield:

M, = (A —A)f (d-a/2) + Alf (d-d)

M, = (Af, —AT) (d—a/2) + Alf/(d-d’)

Example 1: Determine resisting moment of double RC beam with d = 50 cm,
b =40cm, d’ =6 cm, comp. steel 2DB20 (A’, = 6.28 cm?) and ten. steel 8DB25

(As =39.27 cm?) use f, = 240 ksc, f, = 4,000 ksc

50 cm

L 40 cm R

Vl

r

o 2DB20 o

000000

@) spB2s O

A - Al =39.27-6.28 =32.99 cm?

., 32.99

0 = =0.0165
40 x50

1 3 o Y] 1
Q39O UIUNANT VUTITAATINYT O 1)

, . 0.854fd'
6,120 -f,

) 6,120
PTP =T

6,120

= 0.0150
6,120 - 4,000

0.85x0.85x240x6
4,000 x50

Since p-p'=0.0165>0.0150, comp. steel yield f/=f = 4,000 ksc




< A 3
Hﬁﬁﬂﬁi%ﬁﬁﬂ13$ﬁuﬂai

_ _0.85f ( 6,120 j:°'85X24oo.85( 6.120 J:o.ozaz

Po=—1 Al 120+, |~ 2000 6,120+ 4,000

y

a 3 A o A
ﬂiNTﬂuﬁﬂfWﬁiNiﬂ&iQﬁQNTﬂﬂﬁﬂ :
4,000

pmax=0.75,5b+p':—s=O.75(0.0262)+0.0074W=0.0271 > [p=0.0196] OK
y y
—Af
_ (A=A, _ 3299x4000 _ oo
0.85f/b  0.85x240x40

Qv

MdsuTimud © M, = (A-A)f, (d-a/2) + Af, (d-d)
~ 39.27x4,000x(50-16.17/2) + 6.28x 4,000 x (50 - 6)

Ans

= 6,633,030 kg-cm = 66.33 t-m

Example 2: Repeat Ex.1 by changing reinforcing steel to comp. steel
2DB25 (A’ = 9.82 cm?) and ten. steel 6DB25 (A, = 29.45 cm?) use

f'. =240 ksc, f, = 4,000 ksc

40 cm
" A —-A =29.45-9.82=19.63cm’

A

A

O 2pB2s O 10.63
—p'=—2"" _0.0098 < 0.0150 (from Ex.1)

P = 20x50

. Comp. steel not yield f/ <f,

50 cm

Comp. steel yield
assumption

6DB25 o First trial;

o
—lo o o o

f, = 6,120 (1—

_0.85><0.85><240><6J _ 2871 ksc

= 61201
0.0098 x 4,000 x50




_ Af,-Afl  29.45x4,000-9.82x 2,871

X = = = 12.92 cm «
0.85f/b g, 0.85x240x40x0.85
g = 0.003()‘_OI j - o.oos(wj ~ 0.0016 Trialloop
X 12.92 of f,
f' = E.g = 2,040,000x0.0016 = 3,264 ksc # 2,871ksc ——
f X f 3,175

s p.. = 0.75p, +p'= = 0.75(0.0262)+0.0049 2>

2871 | 12.92 f, 4,000

3,264 12.37

= 0.0235 > [p=0.0196] OK
3,152 | 12.52
3,187 | 12.47 f, — AL -
o - Al AT 29.45x4,000-9.82x3175 _ o
3,175 OK 0.85f/b 0.85x 240 x40

Mn = (As fy_A;fs,)(d _%) + A;fs, (d_d,)

= (29.45x 4,000 -9.82x3,175)x (50 ~10.62/2) +9.82x 3,175 x (50 — 6)

= 5,242,969 kg-cm = 52.43 t-m Ans

Alternative method: Comp. steel not yield E, &

E. &l = 0.003(1— d—]

From T=C +C, — Af =0.85'bg x+ X

(x-d)=0

S gCU

0.85fbgx* — Af,x+AE

6936x° —~57702x — 360588 =0 —— x=12.48cm

a=10.61cm
f/ = 6120 1248701 _ 3178 ksc
12.48

Moment strength: M = 0,85fc'ab(d _%j+ AT (d -d")

10.61

M, =0.85x240x10.61x 40(50— j+9.82x3178(50—6)

=5,242,736 kg-cm =52.43 t-m Ans




Design Procedure of Double RC Beam

STEP 1: Moment strength from single RC beam

Choose A, <0.75A, = p, = A,/ bc

Pt
M =p, fbd?|1-=—L
nl pl y ( 17f ,j

c

STEP 2: Addition moment strength required
an =M u /¢ - M il
STEP 3: Additiontension steel A,

M., =T,(d-d)= A, f,(d- ()

STEP 4: Total tensionstedd A= Ay + Ay

STEP 5: Stressin compression steel

Aglfy
a= , X=al
0.85f b A
fl= 0.00358( x=d j . 6,120( x-d
X X

STEP 6: Compression stedl

A%Z 1:y: Aéf;




Example 3: Determine A, and A’, required. M, =32 t-m, My, =18 t-m

f'e =240 ksc, f, = 4,000 ksc

40 cm d=6cm 0.85f;
. . e, =0.003 )
A A ' B C’
=i, e =
g g P Y S
o
8 Lo
AS
i A . 8S T

M, = 1.4 (18) + 1.7 (32) = 80 t-m

M, =M, /¢ =80/0.9 =89 t-m

o o w J { % a 3 o
mu’smmaﬂmuummﬂﬁqmmﬁﬁmm’diumaﬂimﬁﬂﬁﬁ

A, = 0.75p,bd = 0.75(0.0262)(40)(50) = 39.3 cm2( )

Al
M . =p fhbd?|1-22L
= Pl ( 1.7fc’j
Mj/loozes.st-m

1.7x0.24

= 0.0197 x 4.0 x 40x 50? (1—
A ~ 9 A 1 =K 9 A S o Y] A A o w
IHBNVIN Mn NADINIIAD 89 t-m W1HNI I\/Inl WWADUFATUHANTULLIIOA LNDINWUNTAN

TR COE R
M_,=M_-M._ =89-639=254tm

< A o = A 9 A
AN TUITULIIPINADINTITINY:

A Mg 254100 )
f,(d—d) 4.0(50-6)




YSinaumaniuusedeianua: A = A +A,=39.3+14.4=53.7 cnv?
enlFvanasuTunsane 7DB32(A, = 56.3 cm?)

A5IVADUHUILTI I ULUTITUIUTION

Af, 39.3x40

a= = =19.3cm,
0.85f/b 0.85x0.24x40

x=al ,=19.3/0.85=22.7 cm

= 6,120( x—d j = 6,120( 221~ 6) = 4,500 kg/em?® > f,
X 22.7

< A o o
AN IUITULLIIDANTIN

f/=f, — A= A, =14.4 cm® USE 3DB25 (A =14.73 cm?)




