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Flexural Strength Design
' '

/ / ( A R — K\ \\ Lﬁ?\f\“’@“As

/4 [ ) / 1 \

@ W

LN AR NN A AR |

(] [~ 74 / v

AMAIARRAIWNIY > ANRIARANFABINTS

oM > M,
\ M, = Factored Moment
; M, = Nominal Moment
| ¢ = 0.90 = Reduction Factor

for tension in bending




Nominal Moment Strength (M)
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&, = crushing strain
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Equivalent Stress Distribution
(Whitney stress block)

0.85f,

“—> f,d
g M =T(d-a/2) = Af|d-—2>
! a2 "\ 2(0.85)f
a= fx | C=0.85f"ab
=
o P :
d—a/2 M= pf bd?|1- L2
l 2 =2 1.7f!
> T = As fy
Flexural resistance factor R, : M = R_bd?
pf
R = _ y
v F y[ 1.7fc'j
Modular ratio: m = fy » R = pf (1—1pmj
" 0.85f " 2




for f; < 280 ksc, S, = 0.85
for f’ > 280 ksc, B, = 0.85—0.05(1:‘3_280]20.65
bt

0.85 , fe B
0.65 ' 210 0.85
240 0.85
, , 280 0.85

| | >
0 260 560 ; 320 0.82
350 0.80

Reinforcement Ratio p:

1
From R, = pfy(1—§pm) —_— mfy,02—2fy,o+2Rn =0

m fy
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Figure 6-11 Tests of 364 Beams Controlled by Tension (g, > &)




Analysis of Single RC Beam (Tension steel yield)

‘ e, = 0.003
3 C=085fab
g et I SRS
d-—a/2
d-c
B T T=A - ’
S

: C €y d-c

[C=T] 0.85f ab=A/f, d—Czss — 882( . jacu
AT,

A YT c=alp, If e, >|e, =f/E.| > f =1

d-c
f, = e, ,E, = 6,120(Tj < fy Check by p < p,

M, = A, f, (d — a/2)
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AaNVUNARAU 6 N, (STENABWNTA 4 TN,
+ nandasn (Unfi RB9 w358 DB10) +
ASINHIZOITUIALAANLESH) 50 cm

d = 50-6 = 44 7«.

1. UG LAMANIRINAITIN f, = f, : 4 DB25 |
q @ @ @ @
2 Y ~ 6 cm
A, = 4DB25 = 4x4.91 = 19.64 cm T
B 30 cm _

T =Af =19.64x4.0 = 78.56 ton
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A A o . .
2. AW IBABNIUULIIDQTIVIA C =T :
a
0.85f'ba = Af,
Y
; A
a=pBCc =
>0 om © = 0.85'b
= 78.56 = 12.84 cm
4 DB25 ¢ 0.85x0.24 x 30
@ @ @ @
v ~ 6 cm . = A = !
f 3. 71RO UINARNLEINAIINRID L4
P 30 cm
g f
g = L = 4,000 5 = 0.00196
e, =0.003 Y T E, ~ 2.04x10
A
C a 12.84
c=—=——=1511cm
Neutral [ _______ B,  0.85
AXxis d

. = (d—cjg _ (44—15.11)0.003
c )~ 15.11

OK (as assumed)

¥ N - 0.00574 > ¢,




4. @nIBAINI M, :

M, = T(d—ﬁj _ 78.56(44—%)
2 2

n

M = 2,952 @u-1d. = 29.5 AU-LNAT

C=15.11cml / a=12.84 cm
Na.--—-—-—————=Yo _

d =44 cm

e
e, = 0.00574 —

C =78.56 ton

> 1 =78.56 ton




Tension, Compression and Balance Failures

gy = 0.003 gy = 0.003 gy = 0.003
€ > & g, = f,/Es ~ 0.002 € < &
Tension Failure Balanced Failure Compression Failure
gq, = 0.003 gqy = 0.003 gqy = 0.003
gs > g, —> f=1, gs =g, —> fs =1, gs < g, —> fi<f,

P <Py P = Pb P> Po




Balance Steel Ratio ( p, )

a [ < o U o [~ -] o w U Y
ﬂsu%umaﬂauQamm‘lﬁﬂaunsmuazmaﬂmmaagaqmwsauﬂu
e,, = 0.003

C=0.85f,ab

Concrete crushing

—>
A A A A A A
o

Steel yielding

. . C €
From strain condition, = = cu - C =( cu jd
d g t+ey Ecy T &y

From force equilibrium, [ZF,=0] = C=T

0.85f;ab = Af, — 0.85f p,cb = pf,bd




0.85f/
Balance Steel Ratio: p, = c B{S Ceu j
c y

unum1 g, =0.003 uwaz g, =f,/2.04x108

0.85f’ 6,120
Pp = . B1£ ]

f, "'(6,120+f,

USanannanaunaldnsiadaudSuannanasa p=AJ/bd

P =Py P~ Po P<Pp
] —SCU ] —8CU ] SCU
= & — € < &y s = &y
USHauanna LESNLAANNN LESNIRAND Y

balance condition Over RC Under RC




Compression Failures

.y = 0.003 0.85f,
C a|=—m—C=085f,ba
d
é—y—---gs * T=Af,
€ d-c C=T
€., C
0.85f.bp,c=Af
o)
fS = 8CU ES
C 0.85f' bp,c = 6,120A_(d-c)/c | Solve for c

f8:6,120(d_cj<fy M :Af(d_ij
C n S'S 2




Example 6.2 — Moment Strength of Single RC Beam #2

X f'. =240 ksc, f, = 4,000 ksc
X = (4x1.25+4x6.25+2x11.25)/10 = 5.25 cm
60 cm
d=60-4-0.9-525=49.9cm
. o o o|10DB25
| |[®*®e®eA =4909cm? PT 49.09/(30x49.9) = 0.0328
) 30 cm " ANATT A.5 p>[pp,=0.0262 ]

.. Tension steel not yield : f; <f,

0.85f'bB,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
wandaan 9 mm




f =6,120( 92C | —6,120[ 22223211 _ 3 394 ks
c 32.1
a=p3,c=0.85x32.1 =27.3 cm

M =Af (d —gj — 49.09 % 3.394(49.9 —27—2'3j/1oo

= 60.4 ton-m Ans.




Raad19 n1snsadaudSunauantasn (Under RC)

30 cm

50 cm

2DB25
e O

“u | Steel Yield : f, = f,

/ C=T = 0.853f;pBcb = A f,
> £

f. =240 ksc Oy = 0.85x 240 ><O.85><( 6,120 j
4.000 6,120+ 4,000
B,=0.85
= 0.0262
fy = 4,000 ksc

A, = 2x4.91 =9.82 cm?

As _ 9.82 =0.0073 = p<p, — Under RC

“bd 30x45

p

= 0.85x240x0.85xcx30 = 9.82x4,000

LESNIHANYD Y

Under RC

c =7.55¢cm




£, = 0.003

X X Strain Condition: s

cu
C

v q g = (45—-7.55)/7.55x0.003 = 0.0149

d-c

m
Il

y = f,/Es = 4,000/2.04e6 = 0.00196

4
\ 4

< € > &, | Steel Yield : f; =1, Under RC
g =7

ACI 318-08 Section 10.5 : Minimum reinforcement of flexural members

10.5.1 — At every section of a flexural member where tensile reinforcement is
required, A  provided shall not be less than that given by

0.8, /f
s,min “bd
fy

A

and not less than 14 b d/f, To prevent concrete first crack




Raae19 n1snsIadauUSHLKanLasn (Over RC)

30 cm
f =240 ksc o = 0.85 x 240 ><O.85><( 6,120 j
4,000 6,120 + 4,000
5 B, =0.85
B = 0.0262
8DB25 f, = 4,000 ksc
000
°*®°®°® 1l A, =8x4.91=39.28 cm?
p= 3928 _ 0312 — p>p, = OverRC
p > p 30)(42
] 8Cu
Steel NOT Yield : f, <f,
NN Z _______ C=T — 0.85fB,cb = A_T,
m— g <E
0.85x240x0.85xcx30 = 39.28 f_ @
LHSNLBANNN

Over RC 2 unknowns: ¢ and f,?




e, = 0.003 q_
X X Strain Condition: & _ 97C
€cy C
C f d-c
d gg = E—SS = ( . jacu
v = 6,120(42“3) — (1)
PER c
g = fJE,
5202¢ = 39.28x6,120(426‘°j

5,202 ¢? + 240,393.6 ¢ — 10,096,531.2 = 0

MATLAB:
>> roots([5202 240393.6 -10096531.2]) |c = 26.6 cm

ans = fs = 3,943 ksc | f, <f,
-72.8530

26.6412 Steel NOT Yield Over RC




ACIl 318-08: Section 10.3 — General principles and requirements

10.3.5 — For flexural members, a net tensile strain g, in extreme tension
steel shall not be less than 0.004.

ACI Code before 2002, Pmax = 0.-79 py

For conservative design, we may use

p = 05p,.x = 0.375 p,

If we use Pmax = Rn,max - IVln,max

where M, .., is the maximum moment

P
R, = pf, [1 3 _7::, j capacity of the section




ms'mw 1.5 USnnautrantasniazAaNUsea

d1119u f, = 4,000 n.n./2u.?

f,C
(ksc)
180
210
240
280
320
350

Pmin

0.0035
0.0035
0.0035
0.0035
0.0035
0.0035

Pb

0.0197
0.0229
0.0262
0.0306
0.0338
0.0360

pmax

0.0147
0.0172
0.0197
0.0229
0.0253
0.0270

AU IR

26.1
224
19.6
16.8
14.7
13.4

n,max

(ksc)

47.62
535.55
63.49
74.07
82.46
88.36




Strength Curve (R, vs. p) for SD40 Reinforcement

Coefficient of resistance R, (kg/cm?)

Reinforcement ratio p = A, /bd

0 ksc




USsnaunantaSunemain1s  Required moment from load = M,
MU

M
Design Moment Strength = M_ = f = R,bd*> — R, =

obd?

fy

0.85f;

From R = pfy(']—%pmj where m =

o U 2 U o Qv
921 mf, p® —2f, p+2R, = 0 UNENNIINIRIHDY

2
|26, + 47 -8mR,f, _ 1{1i\/1_2man

2mfy m fy
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v
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JUMNDUNITDANLUURUIAR muﬂaun%ma%umgn

STEP 1 | \dandsnnaunaniasniianzannieludn p < p<p

Puin =14/ 1, P =0.75 p,

085fC’IB 6,120
T P 6120+ 1,

(0.85 ; /<280 ksc

B, =+ 0.85—0.05( f ;(?SOJ ;280 < <560 ksc

0.65 ; f/>560 ksc

\

Conservative design select p = 0.5p,., = 0.375p,




STEP 2

STEP 3

LADNAVIARAIWNABINTS b d2

31N M. = R bd* — bd? = =" u

1 o
= — — LN M =
Ra = pfy (1 mej 0.85f'

Lldan d 91nANHNEAN h NuweiNanantaeadrINILa e

.8an b ~d/2 [ s [
A O A
oneway 20 L/24 L/28 L/10
slab
BEAM L/16 | L/M8.5 | L/21 L/8

= | U [V U [~ o 1
N1SLAENAWBIARIIB AR L AALANTULN. L2 30X50 ZH.




STEP 4

STEP 5

STEP 6

STEP 7

U3uU59A1 p ANIWIARIEATILAEN (b, d)
Mn _ MU
bd*>  ¢bd?

r f
p = o Jj-2mRs e m = —2
m f, 0.85f!

31N M. = R bd* — R, =

M5I9EOUUSHNIAANI0ETUAW P <P < Prray NIDIH 2
1 p < Pmin Gl’ﬁsi’ﬂ P = Pmin

61 P> Prayx PANNIWIARRIAR WEIATWIU AN

o & = [~ v A o (] a
ATWIUNBNLAAN A = pbd LAILADNIWIALISITRIWBLAANLEIN

o @ Y . 2 pfy M
RIRdauNIaIrwIae M, = pf, bd (1—1.7]”} >

C

vV

“ A f
30 a Y — M, = Asfy(d—gj

Mu

¢
— MU
~ 0.85f!b K3




M13197 1.4 ANUNINAUTIOENGA (F.)

L SruumanTuniladu TG
[anasy L
2 3 4 5 6 7 8 1A
DB12 16.9 | 2006 | 24.3 | 28.0 | 31.7 | 354 | 39.1 3.7
DB16 173 | 214 | 255 | 296 | 33.7 | 37.8 | 419 4.1
DB20 17.7 | 22.2 | 26.7 | 31.2 | 35.7 | 40.2 | 44.7 4.5
DB25 18.2 | 23.2 | 28.2 | 33.2 | 38.2 | 43.2 | 48.2 50
DB28 188 | 244 | 300 | 356 | 41.2 | 46.8 | 524 5.6
ABC D 9 a A K 3
<> A = 4 9. YuNFIADUNTADIYAnaon
) B = 9 wy. iandaen
C = 1.9 €.
O O 1 ' 1 A
> D = Fo9INILHINUKAN = d, #3e 2.5 .




Example: Design B1 in the floor plan shown below.

8.00

d
)l

B
Ll

Slab thickness = 12 cm

[]

[N

NG

| |

L|A

A

y

200  LL=300kg/m?

A

A

y

f. =280 kg/cm?

4.00 Steel: SD40

L]

»
l

5.00

Load on B2 =

A 4
A

3.00

»
|

Slab DL = 0.12(2,400) = 288 kg/m?

Ultimate load = 1.4(288) + 1.7(300) = 913.2 kg/m?

3

3

2
913.2(4) 9132(3)(3 —0.75 j = 2,331 kg/m

B2 weight (assume section 30 x 50 cm) = 1.4(0.3)(0.5)(2,400) = 504 kg/m

Reaction at B2's ends = wL/2 = (2,331+504)(4)/2 = 5,670 kg




Load on B1: 5,670 kg

/\» 1,437 kg/m 913.2
]
/B1 ~ 913.2 kg/m v/
/ AN

B2:5,670 kg

5,670 kg
2,350 kg/m | 1,826 kg/m
. 5.00 m 3.00m

bl

B1 weight: simply support min. depth = 800/16 = 50 cm

Try section 30 x 60 cm, w, = 1.4(0.3)(0.6)(2400) = 605 kg/m




Max. moment on B1:

1.826 + 605 = 2 431 ka/m Max = 2,431(8.0)%/8
- 8.00 . = 19,448 kg-m
2,350 — 1,826 = 524 kg/m R - 22400)(5/2) _ a9 kg
= _
8
' M. = 819(3) = 2456 kg-m
500  3.00 ﬁl -~ ©) )
| ! '|R1
15,670 kg v _ 9.670(5.0)(3.0)
| | max 8
YN O _
5.00 3.00 = 10,631kg-m

M, =19,448 + 2,456 + 10,631 = 32,535 kg-m




USE DB20:d =60-4-2.0/2-0.9 =54 cm

Pmin = 14/f, = 14/4,000 = 0.0035

0.85(280 6120
p, =20 ’<0.85>(
4,000 6120 + 4000

jz 0.0306

Pmax= 0-75p, = 0.75(0.0306) = 0.0230

f
me—_ 4000 g4
0.85f  0.85(280)

M, _32,535(100) _ ,, o,

u

"~ obd®  0.9(30)(54)

Required p = ;(1—\/1— ZTR”]

y

_11_\/1_2(16.81)(41.32)
~16.81 (4,000)

=0.0114




.. =0.0035 < p=0.0114 < p_._=0.0230 |OK

pmax

A, = pbd = 0.0114(30)(54) = 18.51 cm?

USE 6DB20 (A, = 18.85 cm?) 0.60

6DB20
BUT 6DB20 need b, =35.7cm [NG KLl

[e—————>

0.30

Home work: redesign section




AuKUam 0.25x0.45 4. t&@sutnansusydvacintfied d = 0.40
N. As = 6.75 ain.?, fc' = 250 ksc, fy = 4000 ksc a9lai3d USD
msaaaamwmuﬁﬁmsm%umanunn‘lm?

22 : 46

p = A,/bd = 6.75/(25x40) = 0.00675

Pmin = 14/f, = 14/4,000 = 0.0035
, 0.85x25o(0_85)( 6,120 j - 0.0273
4,000 6,120 + 4,000

Pmax = 0.75p, = 0.75x0.0273 = 0.0205

Under

< <
Pmin = P = Pmax | poinforced




1ae38 Strength design: auuniinga 0.20x0.50 u. (d = 0.45 u.)

aiaft : 100 LTNLUANTULLTIGAY 3-DB20 avmnTutuusinatualsaza(Nominal

flexural moment w3a ideal strength) wasuingadl fc' = 180 ksc
uaslainanigdu SD30

o = A/bd = (3x3.14)/(20 x45) = 0.0105

Pmin = 141, = 14/4,000 = 0.0035

- o.85><180(0_85)( 6,120 j . 0.0291
3,000 6,120 + 3,000

Oy = 0.75p, = 0.75x0.0291 = 0.0218 | prin S P S Prrax

f
M, = pfybd2[1—1p7:/c,] = 11,444 kg-m

Cc




AIunUaea 0.20x0.35 1. (d = 0.30 u.) L&@EUURANTUUTIRILANEN
oiadi : 180 atinoLhen a1le fc' = 200 ksc way fy = 4,000 ksc tWasuluLuue
' salsydt Mu = 6,000 kg-m 291238 USD issunauilsunaunadn

L& As Msiadgnng

M 6,000 %100

R, = U2 — 5 = 37.04 ksc
obd 0.9x20x 30
f, 4,000

= 23.53

m = =
0.85f. ~ 0.85x 200

1 2mR
p = [1—\/1— ”j = 0.0106
m fy

A, = pbd = 0.0106 x 20 x 30 = 6.35 cm?

Check Pmin S p < Pmax




