AREA OF BARS (mm?)

Reinforced Concrete Structures/Design Aids

Size of Number of bars
bars (mm) 1 2 3 4 5 6 7 8
8 50 101 151 201 251 302 352 402
10 79 157 236 314 393 471 550 628
12 113 226 339 452 566 679 792 905
14 154 308 462 616 770 924 1078 1232
16 201 402 603 804 1005 1206 1407 1609
18 255 509 763 1018 1272 1527 1781 2036
20 314 628 943 1257 1571 1885 2199 2513
22 380 760 1140 1521 1901 2281 2661 3041
25 491 982 1473 1964 2454 2945 3436 3927
32 804 1609 2413 3217 4021 4826 5630 6434
50" 1964 3927 5891 7854 9818 11781 13745 15708
Available through special request.
MINIMUM BEAM WIDTH (mm) ACCORDING TO THE ACI CODE
Size of Number of bars Add for each
Bars (mm) ) 3 4 5 6 7 8 added bar
10 175 211 246 282 317 352 388 35
12 177 215 252 290 327 364 402 37
14 179 219 258 298 337 376 416 39
16 181 223 264 306 347 388 430 41
18 183 227 270 314 357 400 444 43
20 185 231 276 322 367 412 458 45
22 187 235 282 330 377 424 472 47
25 190 241 291 342 392 442 493 50
32 204 268 332 396 460 524 588 64
50 240 340 440 540 640 740 840 100
Table shows minimum beam widths when f 10 stirrups are used.
For additional bars, add dimension in last column for each added bar.
For bars of different sizes, determine from the table the beam width for smaller size bars and then add last
column figure for each larger bar used.
Assume maximum aggregate size does not exceed three-forth of the clear space between bars (ACI-3-3.3).
Table computation procedureis in agreement with the ACI code interpretation of the AClI Committee 340.
B
_AlC D
A =40 mm clear cover to stirrups
B = 10 mm stirrup bar diameter
C = use twice the diameter of f 10 stirrups.
D = clear distance between bars = d, or 25.4 mm, whichever is greater
(where d, is the diameter of the larger adjacent longitudinal bar)
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Reinforced Concrete Structures/Design Aids

Development Length of Straight Bars and Standard Hooks

For deformed bars, ACI318-05 Section 12.2.2 defines the development length Id given in the table
below. Note that Id shall not be less than 300 mm.

Case £f20 >f20

Case 1: Clear spacing of bars being
developed not less than db, clear
cover not less than do, and stirrups

throughout Id not less than code
minimum | = 12fy y d | = 12ty y d

© s off

or

Case 2: Clear spacing of bars being
developed not less than 2db and clear
cover not less than db

Other cases | :18fyyyel q | :18fyyyel q

d ; b d b

The terms in the foregoing equations are as follows:
y ¢ = reinforcement location factor
Horizontal reinforcement so placed that more than 300 mm of fresh concrete is cast
in the member below the development 1ength ..., 1.3
Other reiNfOrCEMENL..........ocieeeeeee et sr e e e e 1.0

Y e = coating factor
Epoxy-coated bars with cover less than 3db, or clear spacing less than 6db......... 15
All other epOXY-COated DAI'S ..........cooviiiiiiie e 1.2
UNCOated reiNfOrCEMENL........cceeeeeie e seee e e ere e s e e e eeeeree s e see e e e e enseenee e 1.0

A = lightweight aggregate concrete factor

When all-lightweight aggregate CONCrete iSUSEd .......ccvcovveiereevieieesieee e 1.3
When sand-lightweight aggregate CONCrete iISUSE ........cvveeveeierieeneeieseeseenneens 1.2
Normal weight CONCIEte IS USEA.......cc.ouiiereiie e 1.0
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Table 1: Basic tension development-length ratio, |4/d, (mm/mm)

Reinforced Concrete Structures/Design Aids

l4 S y |~ d,,but not lessthan 300 mm
d,
fe=21 MPa fo=25MPa fo=28 MPa f.= 30 MPa f.=35MPa
Bottom Top Bottom Top Bottom Top Bottom Top Bottom Top
Bar size bar bar _ bar _ bar bar bar bar bar bar _ bar
Case 1. Clear spacing of bars being developed not less than db, clear cover not less than db, and stirrups
(mm) d
throughout Id not less than code minimum, or
Case 2: Clear spacing of bars being devel oped not less than 2db and clear cover not less than db
fy, = 420 MPa, uncoated bars, normal weight concrete
£f20 43.6 56.7 40.0 52.0 37.8 49.1 36.5 47.5 33.8 43.9
>f20 53.9 70.1 49.4 64.2 46.7 60.7 45.1 58.6 41.8 54.3
f, = 300 MPa, uncoated bars, normal weight concrete
£f20 31.2] 405] 286] 371] 270 351] 261] 339 241 314
Other Cases:
£f20 64.5 83.9 59.1 76.9 55.9 72.7 54.0 70.2 50.0 65.0
>f20 82.1 106.8 75.3 97.9 71.1 92.5 68.7 89.3 63.6 82.7
f, = 300 MPa, uncoated bars, normal weight concrete
£20 468 608] 429] 557| 405] 526] 391] 509] 362] 471

For top bars, more than 300 mm of fresh concreteis cast in the member (i.e. a = 1.3)
b isthe coating factor, and | isthe lightweight concrete factor

[ —=d,
— Ties salisfying ACI Section 7.10.5 ar
C stirrups satistying AC| Code Sections 11.4.5
| ) | 1 =y and 11.4.6.3 along development length
=

M|

=y ™ Minimum cover satisfying AC| Section 7.7.1
{a) Casa 1.
_,——____'_Fl\‘-_'___.___'_-
) T@ @%_- - =20,
| —_—
— F
b # —:-I
@ @ @ ]
- |-:
‘=g
{b} Casa 2. &

When there is insufficient length available to develop a straight bar, standard hooks are used. The
standard 90 degree hook is shown below: )

A
¥

f10to f25: R = 3dy
f28tof32: R=4d,
f28to f 50: R = 5dy 2d,
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Reinforced Concrete Structures/Design Aids

The development length of a hook, |4, is given by the following equation. Note that the development
length shall not be less than 8db nor less than 150mm:

_ 0.24fy

o

lgy =—F—=
fC

where y . = the coating factor = 1.2 for epoxy coated bars and 1.0 for uncoated reinforcement, and A is

the lightweight aggregate factor = 1.3 for lightweight aggregate concrete. For other casesy . and A, shall
be taken as 1.0

8d,
d, 3 larger of
150mm

Standard Hooks — ACI sections 7.1 and 7.2.1

Ldn do Ldn do
0 | | f
T Y-
R ! ( f
— 2R
R

ﬁ 4db
- 65 monr1

90 Hook 180" Hook

f10tof25: R =3d,
f28 and f 32: R = 4d,
f 50: R = 5d,

Stirrups and tie hooks — ACI section 7.1.3

f 16 and smaller: 6ds
f18 to f 25: 12db

135°Stirrup Hooks

90’ Stirrup Hooks

f16 & smaller: R = 2dy
f18tof 25: R = 4d,
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Reinforced Concrete Structures/Design Aids

Requirementsfor structural integrity in spandre beams
/ Fully anchored / Continuous

= 1"
I\ IASH J’{ = J:Z;;;g I_ Astz i/
e ” = |

e

1 !
i S

b L =W Agp L Asb /:31’*1*43:: b

(Must use at least two longitudinal bars at all locations)
Requirementsfor structural integrity in interior beams
(! 4

‘1
/

l -
- = -
A
VL /. #x
1{"\ =Agp —Agp "'H-‘qsn_ | \
~ Fully anchored Continuous
(Must use at least two longitudinal bars at all locations)
{a) Interior beam without closed transverse reinforcement.
'Ed
{31 2d), ]»
2 ={,/16 I ~ -
L {
] "Aar? rﬂ'
=Y Agr | L5 At i
- = - -
|— =WAg, — Agp : Z::!&Aﬂ.
% \\ ""/ (.

Points ~
J-‘ -« of inflections e e

=6 in. =6 in.
(Must use at least two longitudinal bars at all locations)

(b) Interior beam with closed transverse reinforcement over total clear span at
spacing less than or equal to d/2 (fransverse reinforcement is not shown).
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Reinforced Concrete Structures/Design Aids
ACI Moment and Shear Coefficients

M, = Cm(wulnz) ; Cry » moment envelope coefficient
V, =Cy(wyln/2) ; C, : shear envelope coefficient
Where w,istotal factored load and |, isclear span

Discontinuous
End End Span Interior Spans

Interior face of _ _ -
exterior support Exterior face of first Other faces of interior
interior support supports
(a) Terminology
Cn=-19if only
two spans

Cn= 0.0 vl -1/10 -111 -1/16 -1/11 -1/11
C/ = 1.0 Eqg. 1 115 1.0 Eqg. 1 1.0 10

(b) Discontinuous end unrestrained

Cn=-19if only
two spans

Cm = 1/14
C,= 10 Eq. 1 1.15 10 Eq. 1 1.0 10

(c) Discontinuous end integral with support where support is spandrel beam

Cn=-19if only
two spans

-1/11
1.0

116
Eq. 1

(d) Discontinuous end integral with support where support isacolumn

: 0 . .
Eq.1: C, =larger of (0.15) orga%i, where w, is factored live
WLI

(%]
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Reinforced Concrete Structures/Design Aids

TABLE 2.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR OME-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Weambar

Both ends
continuaus

Cne end
continuous

Simply
supported

Cantilavear

Membears not supporiing ar attached 1o partitions ar
other construction likely 1o be damaged by large

deflactions,

Solid one-
way slabs

£120 £24 if2g

A0

Beams or
ricbsd ana-
way slabs

L6 2185 €421

£13

Metes;

Valuss given shall be used direclly for members with nermalwsight corcrake
(densily w, = 2320 kgm®) and Grade 420 rsinforesment. For olhar condi-
lionzs, the values shall b2 modilisd as Fllows:

a] For structural lightvezight concrste having unit density, w, in the @nge
1440-19320 kgim=, the valucs shall bo multiplicd by (1,68 — 0.003w, ) bt not

I than 1.08

k) For £, othar than 427 P, the valuss shall be muliplisd by 0.4+ 700}

TABLE 9.5(b) — MAXIMUN PERMISSIBLE COMPUTED DEFLECTIONS

Type of membsr
Flat reafs not supporting or attached ta nan-

Daflection to ba considerad
Immediata daflaction duea to liva lead L

Daflection lirmitaticn

structural elements likely b b= dJamaged by £A80
large deflactions

Floars not supporting ar attachad t2 nanstruc- | Immediata deflaction due to live lcad L

tural elements likaely to b2 damaged by lamge £.360
deflactions

Raaf or fleor construction suppoerting or That part of the tetal daflection accurning aftar

attachad to ncnstructural elements likaly to ba | attachmant of nonstructural elements (sum of ¢.amp!
damaged by large deflections the long-term daflacticen dus to all sustained

Raaof ar floar construction supparting ar E’gg}ﬁjﬁ} It::',':;'lrlqn":?'ﬂtﬁ deflection duzto any i
altached to nenstructural elements not likely 1o o ¢-2a0%

be damaged by large deflactions

* Lmit not inteaderd to sefequard against ponding. F"nndil'rif shaould ke checked by suitable calculaficrs of deflection, incoding added defloctions due o ponded

weater, and considering bng-aim effocts of all sustained loac
T Lang-tzrm deflection shall be dstermined in accardancs with 2.5.2

=, vamben, constnaction tekances, and reliakility of provigions for drainage.
o B.5.4.3, but may be reduced by amount of dedlection calculated to occur before aftach-

manl o nanstructural slements. This amound shall be detsrminad on basis of accepdsd angirsarning data ralating b time-deflsclion charscleristics ol membses sim-

ilar fo these being considared.

= Limnit may be exoeeded if adequals rmeasures ane baken bo provent domage o suppored or aboched clements,
E | it shall net ke greater than talerance pravicked for ronstructunsl elements. Limit may be excoeded it camber is provided so that tetal deflecticn minos camber

toes net cxcoed limit.

TAELE 5.5(c)—MINIMUM THICKNESS OF SLABS

WITHOUT INTERIOR BEAMS™
Wit-out droz pane st With droz panelst
IMbericr nks-or
Exterior panels | panels | Exterlar pansls | panels
Withow: Wit~ Without | Witl
adge adge . adpge edge
fp. MP=T| beams  beams® bezms | beams®
En n i in i F
- =3 36 36 36 440 0
g En & iy ép n
420 30 k4 a2 33 26 36
E’J'!I‘ Eﬂ 'EJ‘J f_.-_, E‘J‘.I‘ E|'|'I
520 23 31 31 31 34 k-

Fro buowcay —onestu chicn, &g s dhe [=ngth of cear span n the ong ciroe-
dan, measured face-to-ace of supports noslabs wilioul bearme and el

“ace oF Boams o ather supports in olhor sasos.

tE. f L omencnn Thiz saluss given o e Luble, nm o Wick sse shell bz

ceslenmiinmec] Ly

v frlznpal i

1 TOroppansls as dsfined in 13.2.5.

b Hlabe with Bazrs batwsar columng alang arlarns coas. 1RD wa ool o,

o lho edqo baam shall el ba lose than 2.8,
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Reinforced Concrete Structures/Design Aids

| nstantaneous Deflection Calculations:

M, is the support moment for cantilevers and the midspan moment (when K is so defined) for
simple and continuous beams.

K
1. Cantilevers (deflection due to rotation at supports 240
not included)
2. Simple beams 1.0
3. Continuous beams 1.2-0.2 M /M,
4. Fixed-hinged beams (midspan deflection) 0.80
5. Fixed-hinged beams (maximum deflection using 0.74
maximum moment)
6. Fixed-fixed beams 060
Forother types ofloading, K values are givenin Ref. 8.2.
e
My = Simple span momentat midspan | —
M, = Net midspan moment.

L ong-term Deflection:

Along—term = A(Ai)sustained load

A:L,
1+ 50p
D =T T O t = 3 months
X=12 i t = 6 months
X=14 ... ... t = one year
X=20 . t > 5years
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Reinforced Concrete Structures/Design Aids

Direct Design Method (DDM) — Two-way Sabs

Total Static Moment =

2
:Wu|2n

Column
strip

Spandrel beam
~~in edge frame
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Reinforced Concrete Structures/Design Aids

Total static moment distribution

Eire
A Interior enor
! [ ]
|
| L 4
I -  F T L
‘ J’_‘;s'-f::* | Support ||
. 1 |

/. Full restraint

| 035 070 0 A5 4
| by e L L O = -"..‘
il { L [
3. Sigb with beams between E‘-R . v . M. =t
SUDPOrtS 4
MES = { f. .‘. rl -r-.

0.& A\ G0 O
s tsan. o IN /
4 PR A /1| \.\ .
: N ‘_"'—----"""H, | ’..,.. AAl

0750 loes

/ r\
1. Ng restraint - \_// '_X“* =
i nazl loas 15 il

cther beoams

5 No beams

TABLE 13-3 Percentage Distribution of Interior Negative Factored
Moment to Column Strip

01¢, 0.5 1.0 2.0
(er162/8)) = 0 75 75 75
[:ﬂf[fg."frd = 1.0} 40 75 45
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Reinforced Concrete Structures/Design Aids

TABLE 13-4 Percentage Distribution of Midspan Pasitive
Factored Moment to Column Strip

(e 0.5 1.0 2.0
(a1 bally) = 0 60 60 60
(&'_Ip | f _‘-H t] = 1.0 0() 75 45

TABLE 13-5 Percentage Distribution of Exterior Negative Factored
Moment to Column Strip

(/{4 0.5 1.0 2.0
(apibat ) =0 B =0 100 100 100
B =25 75 75 73
(eplall)) = 1.0 B =0 100 100 100
B: =25 9() 75 45

{:I I \\Midme slrias i}—\ \ Columin ..}‘}

I
o N /f” & B
i {:-!)IIH:!:‘ sir |"$ I_E__f"'_lm'l s

) Bhors direstion of panel,

Calumn
slrip
e Ty Pai
A - RLA e
Irintd
o Midale
1 A strip
Erundd
£ £ T
L L s
Baitd Calurmn
! shrip

(b Long directien of panel.
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Reinforced Concrete Structures/Design Aids

Rectangular Column Interaction Diagrams
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Reinforced Concrete Structures/Design Aids
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Reinforced Concrete Structures/Design Aids
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Reinforced Concrete Structures/Design Aids

Circular Column Interaction Diagrams
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¥ = ratio of Z(ELY.) of compression members to ZEVE) of flexnral members in a plane at one end of a compression wember
£ = span length of flexoral member measured center to center of Joints
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