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Aress and moments of inertia of areas around mnrrnf_dal Bx0%

CIRCLE

Awm 2ol t
lrn L IFE . ﬂl‘t

Areas and Centroids of areas
TRIANGLE " TRIANGLE _ PARABOLA
' b
-I—'ﬂ—l'-'l-‘l-"'- N

(a+ LA b+ L3

-ﬂ—'b-l--—--h-

_L L[+ 1Min+ 2)1b -

The area for any sagmnnt'
A= bhin+1) of a parabola |5An-hl'




o
ﬂwi
P —]
P

o i
‘£ L/'I_'L 17}21 ('I-)
r R ‘
p 1©
1 L
”é'r O S| ”Qiﬁ
rl7,5". 2 L/B'
e
-
" \»
,.,-1 L - )
)

)

11




Scanned by CamScanner



—a
3 J Chapter 2

\
' Loads
<3
; / Table 6.2.25
Site Coeffici ol
e ficient § for Seismic Lateral Forces (1)
Site Soi.l Characteristi ici
= cs Coefficient,
 Type ] s
s Description
1 A)SOill\Proﬁle with either
a € Ry
65 Osf/ilk:.rf)latenal characterized by a shear-wave velocity greater than 1.0
b) Stiff or de rby other suitable means of classification, or
nse soil condition where the soil depth is less than 61 metres
Sz A s0i . :
61 Sn(')lghl?ersm'lle with dense or stiff soil conditions, where the soil depth exceeds 1.2
M 53 | A ?oil profile 21 metres or more in depth and containing more than 6 metres of 15
soit to medium sstiff clay but not more than 12 metres o% soft clay
S¢ | A soil profile containing more than 12 metres of soft clay characterized by 2 20
shear wave velocity less than 152 m/s -
technical data. In locations

Note: (1)  The site coefficient shall be established from properly substantiated geo ? : 5
where the soil properties are not known in sufficient detail to determine the soil profile type, soil
profile S3 shall be used. Soil profile S4 need not be assumed unless the building official .delenmnes
that soil profile S4 may be present at the site, or in the event that soil profile 54 is established by

geotechnical data.

roperties and

IEa
b) Method(B:" The fundamental period T may be calculated using the structural dp S This
deformahional characteristics of the resisting elements in a properly substantiated analysis.

requirement may be satisfied by using the following formula :

n n
T=27r\Ew,-5,-2 / g fi6: 255)
i=1 =1

The values of f; represent any lateral force distributed approximately in accordance with the

principles of Eq (25.6), (2.5.7) and (2.5.8) or any other rational distribution. The elastic deflections, &;
shall be calculated using the applied lateral forces, fi. The value of T determined from Eq (2.5.5) shall

not exceed that calculated using Eq (2.5.3) by more than 40%.

1 Forces : In the absence of a more rigorous procedure, the total
shall be distributed along the height.of the structure in accordance

25.6.3 Vertical Distribution of Latera
lateral forcewiich 15 the base shear V,
with Eq (2.5.6), (2.5.7) and (2.5.8):
!'-“-/———n'—"‘

G 1 V=F +Z F;/ ; (25.6)
el Lits 1 L

where, F; = Lateralforce applied at storey level -i and
Fy Concentrated lateral force considered at the top of the

building in addition to the force Fy.

u

The concentrated force, F; acting at the top of the building shall be determined as follows:

Fp = 007TV <025V when T > 0.7 second {(25.7a)
F, = 00 whenT< 0.7 second (2.5.7b)

The remaining portion of the base shear (V-F,), shall be distributed over the height of the building,
including level-n, according to the relation :

-
g
~

ol
— Lo
N

: < © ess)

o5, i y
"J' ik ,.‘. ) X r“ A
s L. e 5 SRS nCofe

i‘
J7 655
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j»/ W ProgLEM

ON EARTHAUAKE.

e
assmemr—

t |( ')(
3-: )

h\dmpk Eq. Static EQ Force
Calcuiate the distribution of IQ forzes on the

20 storied blice building shown in figure.

Location : Dhaka
Soil Type : Sofl to medium stiff clay
DL mcluding p&lllllOll“l 2 l\N/bq m
Structure type : SMRI* in coner clg

“[levation

Plan

Solution;

Zone 2:

1 295
TZ/ 3 CE

Soil Type S3= 1.5 <T‘“HQ'\

L 2:5:2)

—

(2.2

H

0@

3m !
60 m

——— P

24 m

]
7015 (Dnake) 1=1 .0 (Toble ¢2.23)

IQAW\

1=C )" (B 253
M=ot o

0007

T=0.073X(60) **
=1.57 Sec

S
i
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25515
¢ — ' e 2r9'2)
e o
Cf‘ ~1386<275 (?’%c 6-53)
C£275 and (C/R) 4£.0.075 >

He:t! ;’5’2‘4) hence|C/R=0115>0.075] U s

aiven i
Therefore, C=1.386 OK

Seismic Dead Load @* 2,55 ) &

W= 12 kN/sq. m x (24x24 sq. m)x 20 floors
= 138240 kN w— .

~ Base Shear, V= (ZIC)x WR ~ (Eqn. 2:5:1) St | b
=(0.15x1x1.386/12)x W S0, 1w 22904
= 00173 W \I\ = 'iOn

St S 4 0
=[2——§~92-13N} "L'.:“ 1 meleue ton = \m%

X Vettical Distribution of Forces: Qﬁq/y} 2.5, )

The concentrated lateral force F,  at the top of the

bui'ding:
+ Fi=007TV <025V uawhenT > 0.7 second \ B L
& F =0.0 viwhen T <0.7 second 25:74,

_ F=007x157x2392-P64_N (B 2.574)
an&;:; |

,"',..4,,\- e SO R LS s A L L
2 ,W.\ S SRR R SR e
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N N

Nere B e n ne 1;
LRy 025 ¥ ¢, F =264 kN OK.
e p oW - Fow.h, (Egm. 2.5.8)
i Z wo b
\L\’\F 12 x 576\ kN for cach floor.
In this example w is same for all the floors.
For any building for whica w is same for each floor:
Fx :,zt/f((V : I?I)h.r;;
/”/1 2 h,
=1
o @025,
 Osono 10)
: ; FC. X027 |
2128h | S e
= | | Vo
20%2]
| 3><( ) FX,
: :
[ E=338a] e o
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EQ Forces at various levels c@ oo, Bl =4

 Floor Level he, m Fo, kN |
0 60 202.7+264
19 57 192.5
18 54 1824
17
16 |
15 45 1524
14
13
12 |
11
10 30 01'4
> |
8
7 :
6 8 | 08
5.
4
23 |
5 E | A
o 3 E 16

i
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\Qiyﬁpleu

Consider earlier Example 7-2 and determme the internal system of forces
at secnons a-a and b-b; see Fig. 7-15(a). =

SOLUTION

A free body for the member, including reactions, is shown in Fig. 7- 15(a)dA
free body to the left of section a-a in Fig. 7-15(b) shows the maximum ordi-
nate for the isolated part of the applied load. From equilibrium ‘conditions,

Vy==9+ 2 x2x 3 x10= 28N

y L__am———»‘~ | *-—'—3—'“"
. ! , 10 kN/m “10KN | 10 kN/m
?| 5 : . | | )
R e , .
. Loy
x S|k *
a b = ar
g f W
g 6 kN s
—#—FA-" A
Yokn | YokN B
2 — {1 o ieciniatin= i
(a) | i el WOl camen g
v o
; .4 P L
]
| { | ;am
YokN R el
s % 1~
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.

SEC.78. PV,AND M
and :

g 2 ki
M=-9%X2+ - x = 1 :
a 2><2><3x10x—x2=,—13.6kN-m
These forces have opposite senses from those shown in the fi
ownint
A free body to the left of section b-b is sh e iy

43 Tk e own in Fig, 7-15(c),and to the
right in Fig. 7-15(d). It is evident that the second § body i §
calculations, giving directly = DOCY.18 SHnpler for

V, = +6kN

- and

M,==6X1=-6kN-m

The same procedure can be used for frames consisting of several mem-
\ befs' nigidly joined together as well as for curved bars. In all such cases, the
%ctions must be perpendicular to the axis of a member.

——
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S given. ¥y CIECOIAIC expressions for thitse functions along 2 beam v

raA sy§temati.c method for rapidly constructing shear and moment dia-
grams will b? discussed in the next part of this chapter.

 Exdmple 7-5

Construct axial-force, shear, and bending-moment diagrams for the beam
shown in Fig. 7-16(a) due to the inclined force P = 5 k.

P=5k e 4_—-—5———"‘
A" | .

3 . ‘ "” V'72.'k g %
= — a : i ; . o
' - -~ 3k - S -1 2x8-4%X3=
e I N .
‘ .2k ¢ b :
A !
; o : L
o Or : 8 A
S T N
A\ Axial force |
-3k : . :
+2k§t | %
| 9 1
+j L
1)) L ;‘ =
——.2k

0 k-ft

+10 ki-t
3k :
e) A
2kt

2 k- 1 > # b ¢ ) A Py ‘
; ,l | i st ik Bending moment

10 kft A A e
) | UREY, v —n

e e T l?eﬂgcted shape
Fig.7-16
_.~,,-;,~_-——e—-~ﬁ—~-:—-——-,~-~_1:-,vh,~w_\h?,_wj
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284 CH.7 BEAMsTATICS

, Braple 7-6

Determing axial-force, shear, an(.i» bénding-moment diagrams for the can-
tilever loaded with an inclined force at the end; see Fig. 7-17(a).

v(a) t '

(d)

Axial force

{e)

| Shear

[T JpL-P0
-PL ‘Moment

)

(o)

- Deflected shape

. First, the indlined force is replaced by the two components shown in
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340 CH:8 SYMMETRIC BEAM BENDING

Rah RLl % o TS SRR s
4 yfample 8-4

A 300-by-400-mm wooden cantilever beam weighing 0.75 kN/m carries an
upward concentrated force of 20 kN at the end, as shown in Fig. 8-12(a).
Determine the maximum bending stresses at a section 2m from the free end.

' oy A 0.75 kN°m

0.75 kN/m
g I 385 KN/m

1T 1 1 —-1 A |—
400
2 -1 D
mm
4.81 MPa

4.81 MPa

(a) - (b} : (e} - AR (d)
- W&n 3 ’ e

SOLUTION ‘ ' ~ : '

A free-body diagram for a 2-m segment of the beam is shown in Fig. 8-12(c).
To keep this segment in equilibrium requires a shear of 20 — (0.75 X 2) =
18.5 kN and a bending moment of (20 X 2) — (075%2%1)=385kN'm
at the section. Both of these quantities are shown with their proper sense in
Fig. 8-12(c). The distance from the neutral axis to the extreme fibers
¢ = 200 mm. This is applicable to both the tension and the compression
fibers. '

From Eq. 8-19,

3 X 4m3
I,=91%=30012 =16 X 10°mm
From Eq. 8-13,
Mc 385x10°x200:
Om = = = *4.81 MPa

16 X 108

From the sense of the bending moment shown in Fig. 8-12(c), the top
fibers of the beam are seen to be in compression and the bottom ones in
tension. In the answer given, the positive sign applies to the tensile stress

~ and the negative sign applies to the compressive stress. Both of these
stresses decrease at a linear rate toward-the neutral axis, where the bend-
- ing stress is zero. The normal stresses acting on infinitesimal elements at A
“and B are shown in Fig. 8-12(d). It is important to learn to make such a
Lo ‘y‘,gcpresentation of an element as it will be frequently used in Chaptem 11 |
and 13. ~ & | Sk
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SEC.8-5. APPLICATIONS FOR THE ELAST

(TERNATIVE SOLUTION
if only the maximum stress is desired, the equation involving the section

aodulus may be used. The section modulus for a rectangular section in
.aaabralc form 1S
I :
) e i i 8-22
c - . (8-22)

4002/6 = 8 x 10° mm® and by Eq.6-21.

inthis problem, S = 300 X
6
%4_ 38.5 X 10 -481MPa

P
s

= Tg % 10°

Gma.\'

Both solutions lead to identical results.

ey -'.- e

- 3
fr T S, R cmne % PR R N e L hl e B

s e RN AR
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JExample 9-3 _
. or the block shown in mm in

Find the stress distribution at section ABCD gl e
Fig. 9-11(a) if P = 64 kN. At the samc section, locate the line of zero stress.
Negiect the weight of the blogk.

/SOLUTION
In this problem, it is somew
Eq. 8-22. defining the elastic section modulus

mal stress at any /th corner of the block can be
transformed equation. This equation reads

P MM 6.5

hat simpler to recast Eq. 9-5 with the aid of
S = I/c as bh’/6. The nor-
found directly from such a

where S, = bh*/6 and §, = hb* /6. |
The forces acting on section ABCD, Fig. 9-11(c), are P = —64 X 10° N,
M, = —64 X 10° X 150 = =9.6 X 10" N - mm,and M, = —64 X 10° x (75 +
75) = —9.6 x 10° N - mm. The cross-sectional area has the following proper-
ties: A = 150 X 300 = 45 x 10° mm®. §. = 300 x 150%/6 = 1.125 x 10° mm",
and S, = 150 x 300%/6 = 2.25 X 10° mm’.
The normal stresses at the corners are found using Eq. 9-8, assigning
s{gns for the stresses caused by moments by inspection. For examplcfffom
Fig. 9-11(c), it can be seen that due to M . the stresses at corners A and D

are compressive. Other cases are treated similarly. Using this approach

64 X 10° 9.6 % 10° 9.6 x 10°

01 T,

A5 XY LIS X 10° T 225 x 10P

- 142 - 833 - 427 = 142 MPa

o, = - 142 = 853+ 427 = -57 Mpa
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SEC.9-3 ELASTIC BENDING WITH ANIAL LOADS 391

300>
"
t C
. T
150
A B ..
I L 75
] Y
FOEE SR SRR
{b)
+2.8 MPa
Ve
+11.4 MPa
,J-C' A
/ " Line of
-5.7 MPa . 7210 Stress

2 (a}

\Fé.‘)-ll

- 8.5 27 = +11.4MPa
o, = ~142 - 853 + 4.27 x

5 , 2 1‘?._:17' NlPa
(,n - 1.42 T h.:‘,’ 4...! ,_8

o ctrecces are shown in Fig. 9-11(d). The ends of these foqr s:lrc‘ss VUC-
;I:r?:tbx’h‘h;;'% ((m .::3\;;1 lliz: in 1th‘ pl’anc ‘A'B'C'D'.Th‘c \,/ijm, dl‘.sla\-n‘cc
~between planes ABCD und.»i'B'( D chlncsllrlclll)‘fallalf_css on any point
o the cross scction. The wntersection of plane A'B'C’' D" with plane A BCD
~ jocates the line of 7¢ro SIress FE. |
T By drawing a line 8C parallel to BC,simifar tnangles C'B°C" and C RO
are c;btmned: thus. the distance CE = [11L.4/(114 = 3150 160 mm.
Similarly. distance AF1s found to be 125 mm. Pomnts £ and F locate the line
ef zero stress It the weight of the block 15 neglected. the stress disintbution
~onany othet section paralicl to ABCH w the same. _a
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cross-seciional st U8 TEL lleRiik, pra L A R AR A

tion. The shear Stress distributiﬂn for 'fhe: elastic-plastic case is shown in

Fig. 10-15(c)- This can be contrasted with that for the elastic case, shown
ual and opposite normal stresses occur in the .

in Fig. 10-15(d)- Since equal pus
plastic zones, N0 unbalance in longitudinal forces occurs and no shear

stresses are developed. ., " |
This elementary solution has been refined by using a more carefully

formulated criterion of yielding caused by the simultaneous action of nor-

mal and shear stresses.®

where A, 18 the

_ 7
Example 57
An I beam is loaded as shown in Fig. 10-16(a). If 11: has the cross sﬁctinﬁ
shown in Fig. 10-16(c), determine the shear stresses at the levels indicated.
Neglect the weight of the beam. T e e

s - . _!‘.__ ;

 SOLUTION G
&6 the free-body diagram of the beam segment in Fig. 10-16(b), it s seen

that the vertical shear at all sections is 30 kips. Bending moments do not
enter directly into the present problem.The shear flow at the various levels -
of the beam is computed in the following table using Eq. 10-5. Since.
1 = g/t,from Eq. 10-6, the shear stresses are obtained by dividing the shear .

flows by the respective widths of the beam: R e
=6 x12%/12 - 5.5 x 11/12 = 254 in’

For use in Eq. 10-5, the ratio V/I = 50,000 /2'54 %_.197' Ib fin® Son Tﬂﬁﬂliﬁé
at selected horizontal sections are given in the following table: 1115

SD. C. Drucker, “The effect of shear on the plastic bending of beams,” J. Appl. Mech., 23

(1956), 509-514.



436 CH.10' SHEAR STRESSES IN BEAMS

|00k
%
(a)
i A = o 1
Lﬂt L.uk
Vu 50k 1a

1l
%
H__n.
{4 ]
I
[ %]
M =
-

{b)
e +
t Lr B
50k B B BT = ,- =
it 1= 1» l ‘—-r-————__“:'ff
— i~ |+— 12 .
Tenpa ; 1
— E'_." “-_I-'r_
]ﬂ_ (d) R
action A=A " {e) Shear stress
(c) Section A-A it
Fig. 10-16
Level Ag? yp 0= Apd 4= vo/a ot ot (psi)
1-1 0. 6 SR e T
poladaE “*60 "'S70°
2-2 DSx6=300 575 17.25 . 3400 05 6800

05x6=300 575 1725 .
yid {njxﬂj:ﬂ.li vl 31]'3;55 650 - 05 7300

05%6=300 575 1725 s
e [u.5x5.5=2.75 S 15&}14.31 4890 05 9780

L S e B -
P e R

i SRR B N TR TR s k™

“A s 18 the partial arca of the cross section above a given level inin’,
by is distance in mm from the neutral axis to the centroid of the partial area.

The positive signs of T show that, for the section considered, the stresses

'.acl downward on the right face of the elements This sense of the shear

stresses coincides with the sense of shear force V. For this reason, a strict
¥

adherence to the sign convention is often unnecessary, It i
Adheren -1t1s always true
J 47 dA is equal to V and has the same sense, ! it

Note that at level 2-2, two widths are used 1o determine the F;h
shear -

~ siress—one just above the line 2-2, and one just below. A width of 61

tf)
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SEC.10-5. WARPAGE OF PLANE SECTIONS DU!
responds to the first case, and 0.5 in to the se
be discussed in the next section. The result
symmetry are also applicable to the lower h
Figs. 10-16(d) and (e). By a method similar
example, it may be shown that the curves i
ond-degree parabola.

The vanation of the shear stress indicated by Fig. 10-16(¢) may be
interpreted as shown in Fig, 10-16(f). The maximum shear stress occurs at
the neutral axis, and the vertical shear stresses throughout the web of the
beam are nearly of the same magnitude. The vertical shear stresses occur-
ring in the flanges are very small. For this reason, the maximum shear
stress in an [ beam is often approximated by dividing the total shear V by
the cross-sectional area of the web, with the web height assumed equal to
the beam’s overall height, area abed in Fig. 10-16(f). Hence,

V

(-rmu)wm i (10-10)
web

cond. This transition point will
s obtained, which by virtue of
alf of the section, are plotted in
to the one used in the preceding
n Fig. 10-16(e) are parts of a sec-

In the examplé considered, this gives

50,000 ;
'(me).ppm = = 8330 psi

0.5 X 12
This stress differs by about 15% from the one found by the accurate for-
mula, For most cross sections, a much closer approximation to the true
. maximum shear stress may be obtained by dividing the shear by the web
area between the flanges only. For this example, this procedure gives a
Stress of 9091 psi, which is an error of only about 8%. It should be clear
from the foregoing that division of V by the whole cross-sectional area of
the beam to obtain the shear stress is not permissible.
An element of the beam at the neutral axis is shown in Fig. 10-16(g). At

¢ls 3-3 and 2-2, bending stresses, in addition to the shear stresses, act on

- the vertical faces of the elements. No shear stresses and only bending
- Stresses act on the elements at level 1-1.

lev
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Review
problem

EXAMPLE 3.5 Flexural strength of a given member. A rectangular bcam has width 12 in. and effective

depth 17.5 in. It is reinforced with four No. 9 (No. 29) bars in one row. If £, = 60,000 psi and
[ = 4000 psi, what is the nominal flexural strength, and what is the maximum moment that
can be uiilized in design, according to the ACT Code?

SoLvmion.  From Table A2 of Appendiz A, the area of four No. 9 (No. 29) bars is 4.00 in®,
Assuming that the beam is underreinforced and wsing Eq. (3.32),

s 4,00 > 60
085 = 4 = |2

The depth of the neatral axis is ¢ = a/@,= 5.88/0.85 = 6.92, giving

= 5.E8 in.

which is between 0.429 and 0,375, the values corresponding, respectively, to e, = 0.004 and
€, = 0.005, as shown in Fig. 3.10. Thus, the beam is, as assumed, underreinforced, and from
Eq (3.31)

M, = 4.00 = ﬁU(l?.S - ? = 3490 in-kips

The fact that the beam is unreinforced c¢ould alse have been established by calcolating
p = 400/(12 % 17.5) = 0.190, which just exceeds p, s, which is calculated using Eq. (3.304).

4 0.003
= % (1. B B oo S
Roows = 0,83 5.0 Hs( )( 0.003 + 0.005

&0
Because the net tensile strain e, is between 0.004 and 0,005, ¢ must be calculated:
€, = e ld = ¢elfe = 0003 X 175 - 692/6.92 = 0.00458. Using linear interpolation from
Fig. 3.9, & = (.87, and the design strength is taken as

diM. = 0.87 ¥ 3490 = 3040 in-kips

) = (L0181



The ACT Code limits on the reinforcement ratio

P = L0206
V000 200
Puin = “cn00 — so00p 0033

are satisfied for this beam,




EXAMPLE 3.6

Design Problem

Concrete dimensions and steel area to resist a given moment. Find the concrete cross
section and the steel area required for a simply supported rectangular beam with a span of
15 ft that is to carry a computed dead load of 1.27 kips/ft and a service live load of 2.15 kips/ft,
as shown in Fig. 3.12. Material strengths are f7 = 4000 psi and £, = 60,000 psi.

SoLution. Load factors are first applied to the given service loads to obtain the factored load
for which the beam is to be designed, and the corresponding moment:

we= 12X 127 + 1.6 X 2.15 = 4.96 kips/ft

1 y i
M, = g X 496 X 15* X 12 = 1670 in-kips
The concrete dimensions will depend on the designer’s choice of reinforcement ratic. To
minimize the concrete section, it is desirable to select the maximum permissible reinforcement
ratio. To maintain ¢ = 0.9, the maximum reinforcement ratio corresponding to a net tensile
strain of 0.005 will be selected (see Fig. 3.9). Then, from Eq. (3.304d)
k&

4 0.003
Pooos = 0.8B58, s, m = (0.B5 X 0.85 (ﬁﬂ)(ﬂ.mi e ﬂﬂ]i) = (.0181

Using Eq. (3.30c) gives p,,, = 0.0206, but would require a lower strength reduction factor.
Setting the required flexural strength equal to the design strength from Eq. (3.38), and substi-
tuting the selected values for p and material strengths,




Determination of steel area

EXAMPLE 3.7

Determination of steel area. Using the same concrete dimensions as were used for the
second solution of Example 3.6 (b = 10in.,d = 17.5in., and k = 20 in.) and the same material
strengths, find the steel area required to resist a moment M, of 1300 in-kips.

SoLuTioN. Assume g = 4.0 in. Then

1300
A, = = 1.55in’
*~ 0.90 X 60(17.5 — 2.0) .
Checking the assumed a gives
1.55 X 60 :
a = m = 274 in.
Next assume @ = 2.6 in, and recalculate 4
Lt = 149 in*

A= 090 X 600175 - 13)

No further iteration is required. Use A, = 1.49 in®. Two No. 8 (No. 25) bars, A, = 1.58 in.2, will
be used. A check of the reinforcement ratio shows p < pg s and ¢ = 0.9,










Find @M





















Design of
Doubly Reinforced Beam



























T-beam



RC beam and slab are monolithically cast

Beam stirrups and bent bars extend into the
slab

A part of slab act along with beam top to take
longitudinal compression

Slab forms the beam flange
Part of beam below slab is called web/stem



Effective flange width

The criteria for effective width given in ACI Code 8.12 are as follows:

1. For symmetric T beams, the effective width b shall not exceed one-fourth the
span length of the beam. The overhanging slab width on either side of the beam
web shall not exceed 8 times the thickness of the slab or go beyond one-half the
clear distance to the next beam.

2. For beams having a slab on one side only, the effective overhanging slab width
shall not exceed one-twelfth the span length of the beam, 6 times the slab thick-
ness, or one-half the clear distance to the next beam.

3. For isolated beams in which the flange is used only for the purpose of providing
additional compressive area, the flange thickness shall not be less than one-half
the width of the web, and the total flange width shall not be more than 4 times the
web width,



1. Symmetrical T beams
b <16h+b,,
b < Span/4
b < c/c beam spacing
2. Beam having slab on one side
b <span/12+b,,
b <6h+b,,
b < Half the clear span +b,,

3. Isolated T beam
h;>b,/2
b< 4b,,



N O S

b .
////%_&j ; : W// 77777
% f

N

L X X

. b, le by~
(a) (b)
FIGURE 3.17
Effective flange width of

T beams.
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GN OF CONCRETE STRUCTURES Chapter 13

¥ \&61.5 13.1 |
inimum thickness h of

nonprestressed one-way slabs

Simply suﬁported - | 1720
Onc end continuous 1/24
Both ends continuous 1/28
Cantilever A /10
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« ‘Reéinforcements —Usual s

' Slab- No 3, 4, 5 (10mm, 12mm, 16mm)

v¢ Beam-No 5,6, 7, 8 (16 20 22 25mm)

 Stirrup/tie- No, 34 (10 12mm)

v Column-No5,67891011 14 18(1620%
252832 ....)

v Mat- No 4,5,6,8 (12 16 20 25 mm)

v¥ Smaller sizes preferred as long as thereis™
congestion | sieen
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a)

b)

Requirements for Intermediate Moment Frames: Beams

The positive moment strength at the face of the joint shall not be less than

one-third the negative moment strength provided at that face (Fig.8.3.12).

Neither the negative nor positive moment strength at any section along the
length of the member shall be less than one-fifth of the maximum moment
strength provided at the face of either joint.

At both ends of the member, stirrups shall be provided over lengths equal
to twice the member depth measured from the face of the supporting
member toward midspan (Fig.8.3.13). The first stirrup shall be located not
more than 50 mm from the face of the supporting member. Maximum
stirrup spacing shall not exceed (a)d/4 , (b) 8 times the diameter of the
smallest longitudinal bar enclosed, (c) 24 times the diameter of the stirrup
bar, and (d) 300 mm.

Stirrups shall be placed at not more than d/2 throughout the length of the
member.



pmin = 3 jf,. i, = 2004,
prax

Sect. 7.13

M, M

/M IN

i | 1 i |

|

- — A
Mpe 2Mpp/3 /) Mpr =My, /3

M ;ar M ; = (max. M, at either joint)/3

Note: transverse reinforcement not shown for clarity

Fig.8.3.12 Flexural Requirements for Beams
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a4
& ® smallest long bar diameter

24 = stirrup bar diameter
A 300mm

2h

Transverse reinforcement determined at both ends

Fig.8.3.13 Transverse reinforcement
Requirements for Beams



b)

d)

Requirements for Intermediate Moment Frames: Columns

Maximum tie spacing shall not exceed s, over a length |, measured
from the joint face. The spacing s, shall not exceed (i) 8 tlmes the
diameter of the smallest Iongltudlnal bar enclosed, (ii) 24 times the
diameter of the tie bar, (iii) one-half of the smallest cross-sectional
dimension of the frame member, and (iv) 300 mm. The length |,
shall not be less than (i) one- -sixth of the clear span of the member
(i) maximum cross-sectional dimension of the member, and (iii)
450 mm.

The first tie shall be located not more than sy/2 from the joint face.
Joint reinforcement shall conform to 6.4.9.

Tie spacing shall not exceed 2s, throughout the length of the
member.



a2 / Joint reinforcement
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5= 25
& ar ¢ 3 See note below
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£,z & Clear span /6
Transverse reimforcement e
450mm / ] .
8« longitudinal bar diameter Section A-4
24 tie bar diameter
1 5=
= 5, /2 — 0.5 = {smaller of g oreg)
| 300

Note: There is no restriction on the location of

longitudinal bar splices for infermediate moment
[frames. The splices may be located away from
the potential regions as shown above

Fig.8.3.14 Transverse Reinforcement
Requirements for Columns
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