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429.4.2 Tensile stress in reinforcement fgshall not
exceed the following:

1. Grade 280 reinforcement .......ooceeeeveenesrenee 140 MPa

2. Grade 420 reinforcement or greater and welded wire
fabric (plain or deformed) .........c.ccoceveenn. 170 MPa

3. For flexural reinforcement, ¢10 mm or less, in one-
way slabs of not more than 4 m span but not greater
RN 200 MPE. .o oo ittt s 0.50 f,

°

429.6.2 Stress-strain relationship of concrete i1s a
straight line under service loads within permissible
service load stresses.

429.6.3 In reinforced concrete members, concrete
resists no tension.

L D= 200 K\0°® Mey

madulos, of

429.64 " 1( shall be permitted to take the modular ratio,
n = E;/E..as the nearest whole number (but not less than
6). Except in calculations for deflections, value of nfor
lightweight concrete shall be assumed to be the same as
for normal weight concrete of the same strength.

o Aenkin Vav Lo omgteoniomionc
429.6.5 In doubly reinforced flexaral members, an
effective modular ratio of (ZEg/E. shall be used to
transform  compression  reinforcement  for  stress
computations. Compressive stress in such reinforcement
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419.2.2  Modulus of Elasticity
k4 419.2.2.1 Modulus of elasticity, E., for concrete shall
C&— > be permitted to be calculated as (a) or (b):

o

E.=w/%0.043/f.

a. Forvalues of w, between 1440 and 2560 kg m’

(in MPa) (419.2.2.1.a)
MeCrd) b. For normal weight concrete
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Two - Way Bending Members

Ag(min) = Pminbd

One - Way Bending Members
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Where: (NSCP 2010 Sec 410.64) _Where: (NSCP 2015 Sec 409)
F, (MPa) k>0.0014 F, (MPa) k
280 0.002 < 420 0.002
415 0.0018 0.0018(420)
> 415 0.0018(415) > 420 f,
fy 00014
FLEXURAL STRENGTH
NSCP 1992:
B, = 0.85 — 0.008(f", — 30)
Note:  0.65 <, <085

NSCP 2001:
° 005
By = 0.85 == (F'c ~ 30)
NSCP 2010/2015:
0.05
By = 0.85 == (F'c ~ 28)

Use & £ )29

When f < 28MPa, use B, = 085
When f > 56 MPa, use B; = 0.65
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Table 421.2.2
Strength Reduction Factor, ¢, for Moment, Axial Force, or Combined Moment and Axial Force
Net tensile stain, &, | Classification T'ype of transverse reinforcement
Spirals conforming to Sect. 425.7.3 | ____Other
Compression - B
<
& _75” controlled 0.75 ® 0.65
£y <& <0.005 Transition' 0.75+0 ISL ()| 065+ U.ZS—LQ))‘
(0.005 - (0.005 - &)
i Tension
l,' =\0:005 controlled 0.50 (© 0.90
1 For sections classified as transition, it shall be permitted to use @ corresponding to compression-controlled sections
421.2.2.1 For deformed reinforcement, &, shall be f
/y/l:" For Grade 280 deformed reinforcement, it shall iy = (2—’1') d,

be permitted to take &, equal to 0.002.

421.2.2.2 For all prestressed reinforcement, &gy shall be
taken as 0.002,

Page 465 of NSCP 2015 PDF
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NSCP 2010/2015
For Agmay) calculation, g5 = 0.005 (f; = 1,000 MPa)

[ _600d -0

S

NSCP 1992/2001
Pmax = 0.75pp

As(max) = 075As(b)

c

1,000 =°M

Cmax

1,000¢0x = 600d — 600¢,nax
1,600,105 = 600d

Cmax = §d

For Balance Condition, f; = f, :

fs = —600(d —9 ap = Picy
C
600(d — cp,)
== TFy=0
fyc, = 600d — 600¢, D
C =T

(600 + f,)c, = 600d

_ 600d
® =600+,

0.85f apb = f A,

Situation 4: A rectangular concrete beam has a width of 350 mm and an effective s
depth of 620 mm. It is reinforced with five 28-mm diameter bars for
tension only. Concrete strength is fc = 21 MPa and steel yield strength

fy=415 MPa.
11. Depth of the rectangular compression stress block.
+ A =7 (28)(5)
a ~—C _ 4 >
. d A =980T mm
Z FH =0
® —T - =-
——t "l
OcAc = O5Ag
0.85f .ab = EsAs
j<]
12. Distance of the neutral axis from the extreme compression concrete. e
¢ =240.602 mm
13. Ultimate moment capacity of the beam.
Since fy < fs < 1,000 MPa, therefore; in transition.
— a
0 =065+ 0.25% My =0(C or 1) (d - 3)
—f, .
0= 0654025210123 =415 M= o(Asf,)(d~3)
- ’ 1000 — 415 B 204.512
0 =0877 Mu = 0.877(9801\’)(415) 620 — 2
M, = 580.132kN.m
Solution 1: With assumption
YF,=0 Check fs (Assumption):
— 0.05
N Bl ZO.BS—T(f'C—ZB)
S 0.05
0:A. = 04/ B, =0.85— 7(32 —28)
0.85f .ab = f,Aq B, = 0.8214
Assume steel yields
(f > f,) a=pyc
0.85f cab = fyA, 99.86 = 0.8214c
¢=121.57 mm

0.85(32)(a)(300) = 415(625m)
a =99.86 mm

NSCP 2010/2015
For Ag(may) calculation, &5 = 0.005 (f; = 1,000 MPa)

¢ _ 600 -0
=
600(d — Cya) amax = B1Cmax
1,000 = ——
cmax
1,000¢,0y = 600d — 60005 SFy=0
1,600¢,10¢ = 600d =
= Cmax = Tmax

‘max =g 0.85f camaxb = fyAgimax)
Assume steel yields )
(f,>1,) Check fs (Assumption):
0.85f cab = f, A, 2210—4!;1102 —
0.85(21)(a)(350) = 415(980m) _ '240 6?)2.
a=204512mm i

_ 600(d - ¢)

fs
C
_ 600(620 — 240.602)

S 240.602
f, =946.123MPa > f,

< 1,000MPa =

Since fs > fy, steel reinforcement yields,

therefore; correct assumption. Answer: a=204.602 mm

Situation 5: ,._:;
A beam has strengths of f'c = 32 MPa and fy = 415 MPa. Reinforcement
used are 4 - 25 mm@. Dimensions b = 300 mm and d = 450 mm.

«~—0C

15. Depth of compression block.
As =7 (257°(4) {
A, = 6251 mm?
Solution 1: With assumption
YXFy=0 "

- = >

[ —T

. — |
C=T |
A, = 0.A ‘
0.85f ;b = f,A, ‘

600(d — c)
f, = ———

c
~ 600(450 - 121.57)

A 121.57
fe = 1,62099MPa > f

> 1,000 MPa

Since fs > fy, steel reinforcement yields,
therefore; correct assumption.

Since fs > 1,000 MPa, therefore; tension controlled.

Answer: a=99.86 mm



Solution 2: Without assumption

LFy=0

- =5
C=T
0A. = 0Aq

0.85f .ab = f.A,

0.85f.(B,c)b

0.85(32)(0.8214¢)(300) =

600(d —
( C)A

S

600(450 —¢) @25m)

6,702.86¢* = 1,178,097.25(450 — ¢)
6,702.86¢% + 1,178,097.25¢ — 530,143,760.3 = 0

Situation 6: For the beam below;
fc=27 MPa Steel cover = 100 mm
fy =270 MPa Mp =30 kN.m
M. =20 kN.m
N
18. Depth of compression block. /
Mu = 1'2MDL + 1.6ML|_
M, = 1.2(30) + 1.6(20) 600 mm
M, = 68 kN.m g
/ ®
£ A\
4L 400 mm
B p a’ q 2
M, = 00.85f 3 ( = Ea) Check f; (Assumption):
a=,C
) 158.22 = 0.85c
Assume tensnor; 2control:lzed (0=0.9) o = TRE A s
Mu - ¢085f'c (g) (d — §a)
g g ¢ 600(d —c¢)
a s=— .
68(10°) = 0.9]0.85(27) ( = (500 — ) c
i [ ( )(3 )] 3° _ 600(500 — 186.14)
a=158.22mm ST 186.14
f, = 1,011.65 MPa
> fy
> 1,000 MPa
19. Maximum compressive strength of concrete.
Cosni = 3d Amax = B1Cmax
8 amax = 0.85(187.5)

3
Caing = 5(500)
Cmax = 187.5 mm

amax = 159.375 mm

Check fs:
. _600d—0)

S

c
_ 600(620 — 206.76)

s 206.76
f, = 705.84 MPa

>fy

Recompute:

0.85f .ab = f,A

0.85f .ab = fyAg
0.85(32)(@)(300) = 415(625m)
a=99.86 mm

Similar Triangles:
z 400

a_ 600
2

z=§a

M, =0(C or %) (d —%a)

M, = 00.85f . (%za) (d - ga)

M, = 00.85f [% <§a ) a] (d 32

M, = $0.85f (%2) (d = ga)

Since fs > fy, therefore; steel reinforcement yields.

5 fue

500 mm

Since fs > fy, therefore; steel reinforcement yields.

Since fs > 1,000 MPa, therefore; tension controlled.

Answer: a=158.22 mm

Similar Triangles:
z 400

a_ 600
_2
z=3a

M, = 6(C or T) (d —ga)
M, = 00.85f (%za) (d - ga)
M, = 00.85f [%(%a ) a] (d - %a)

M, = 00.85f, (?) (d - %a)

amax = B1Cmax
amax = 0.85(187.5)
Amax = 159.375 mm

amaxz
Conax = 0.85f ¢~

2
Cmax = 0.85(27) [@]

Conax = 194.313 kN



20. Required number of 20 mm@ bars.

Fy=0
E v Check Aygmax):
p LFy=0
C=T , - e
a
0.85f'. (?) = fyAs Cmax = Tmax

(158.22)? -
0.85(27) [T] = 270A 194.313(10%) = 270A5(max)

Asimaxy = 719.68 mm?
A, = 70931 mm? R

Since As < Asmay), therefore; singly reinforced beam.

2F=0 .me
(C—=—T—) Since As < As(max), therefore; singly reinforced beam.
a2
0.85f', <?> = fyAs o i
A, =—dg°N
0.85(27) [M] = 270A ! T
s 3 s 709.31 =Z(20)2N
Ag =709.31 mm? N = 2.26
N = 3 bars



