Reinforced Concrete Formulas and Charts Dr. Nasr Abboushi

Material Properties
E. = 0.043w™/f/, E, = 4700,/f!

£ = 0.62\/f!

Load Factors and Strength Reduction Factors
U=14(D +F)
U=12(D+F+T)+ 1.6(L+ H)+ 0.5(L, or SorR)
U=1.2D + 1.6(L, or Sor R)+ (1.0L or 0.8W)
U=1.2D + 1.6W + 1.0L + 0.5(L, or Sor R)
U=12D+1.0E +1.0L 4+ 0.25

U=09D+16W+16H Uploading By Ahmad D Nofal
U=0.9D + 1.0E + 1.6H # Phone: 0598217768 / 0569217768

Strength Condition ¢ Factors

1. Flexure (with or without axial force)
Tension-controlled SECLIONS .......ovcveeveive e e 0.90
Compression-controlled sections

Spirally reinforced ... 0.75
OLNEIS it 0.65
2. Shear and tOrSION .....cccoiiriireee ettt e s e e 0.75
3. BEAriNG ON CONCIELE ..iiviiitiee vt ccreeee ettt srrre e e e e ste st e e snessbe sbe s e senans 0.65
4. Post-tensioned anChOrage ZONES .......oveueecereeeceereeeeenreeeecee e et eeesaeenes 0.85
5. Struts, ties, nodal zones, and bearing areas in strut-and-tie models ..... 0.75

250
¢ =065 + (g5 — 0.002) —~

Balanced, Maximum and Minimum Steel Percentages

f! 600 ,
y y

The maximum reinforcement ratio p,,4x

0.003 + &,
p (St = 0004’) = pr = Pmax

A minimum steel area,
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JF
fy

1.4

As,min - f bwd
y

Agmin = 0.255%p,d

and not less than

The above requirements of Ag ,,;, need not be applied if, (A providzea = 1.334s required)-

Maximum Spacing

280
s = 380(

) 2.5C but < 300 (280)
— 4. u S =
fs ‘ fs

S

Analysis and Design of Singly Reinforced Concrete Rectangular Sections for Flexure

T = Af, C = 0.85f/ab a= Asly a = fic
sly ¢ 0.85(/b
1 2R,m pm Ag fy
P = , n=ph 2 ) P=bd ™= 0.85f
a ) a 5
M, = Asf, (d - E) M, = 0.85f/ab(d - E) M, = R,bd

Analysis and Design of Doubly Reinforced Concrete Sections

f,d "*\600 - f, bd
T = Asf, = C. + Cs, C. = 0.85f/ab, C, = AL(f, — 0.85£.")
Ay — A~ 085£)
0.857.'b ’

My = (Asfy = Au(f = 0.85£.)) (4 = 5) + AL(f - 0.85£)(d - &),

a
or M, =0.85fab (d - E> + AL(f, — 0.85£.)(d — d")

Reinforced Concrete T- and L- Sections
The effective width b, for interior T-section must be the smallest value of:
b, =- b, = b, + 16t b, = center to center spacing of beams

The effective width b, for exterior (edge) L-section must be the smallest value of:
3
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b,=b, + L
e — w 12
For isolated T-section beams:

b, < 4b,,

b, + (clear transverse span)/2 |

b, = b, + 6t

S

w

d t=> —
an >

b, + 2 X (clear transverse span) /2 = total trans. span |

be<1{ b,+ 6 h [ by={ b,+2(8hy I
b, + €12 i ¢/4 i
a | | [« > |
. |
i \ -
\ | D i
| b, : (clear tranv. span)/2 . (clear tranv. span)/2 b, (clear tranv. span)/2 '
™~ T =i'1 '}" ’}" >
Midspan Midlspan
Transverse span Transverse span
£ = length of beam span (longitudinal span)
Tf = Asffy Cf = OBSfCIhf(be — bw) TW = Aswfy CW = 0.85fc'abw
_ hs
Mnf = 085fclbehf d - 7 MTL = Mnf + an
h h a
M, = 0.85fhs(b, — by,) (d - 7f> = Agf, (d - 7") My = Asyfy (d = E)
0.5\/f/ 0.25\/f1/
=N d min = ———— bd,
s,min fy w s,min fy
Shear in Beams
Ay fyed 1 , 1 2
V;=%; Vc=g\/ﬁbwd: V; =§\/Ebwd' Vs,max =§\/ﬁbwd
So, if Vs> Vimax — The section must be enlarged (Dimenstions are not enough)
Case I:
1
V, < > ¢V, — No shear reinforcement is required
Case ll

1
Ed)VC < V, £ ¢V, -Minimum shear reinforcement is required (Av,min)

but not for the exceptions.
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Minimum shear reinforcement, A, in

b, s 1b,s
Ay in = > ——
vmin \/f_C fyt 3 fyt
A, 1b,
or in the form ( vmm) >
/ s ) %35, e 7
d
Here Smax = 5 or Smax < 600 mm

Case lll:

¢VC < Vu < ¢(VC + Vs,min)

Vs min is the maximum of
1 - 1
Vsmin = 16 febwd and Vsmin = §bwd

Minimum shear reinforcement is provided (Av_min) with

d

Smax = > or Smax < 600 mm

Case IV:

d)(VC + Vs,ml-n) <V, < ¢(V. + V') — stirrups are required

d

here Smax < 0 or Smax < 600 mm
Case V:

dV.+V) <V, < o(V. + Vs,max) — stirrups are required

d
here Smax < 7 or Smax < 300 mm
Axially Loaded Short Columns

Pymax = 0.8 [0.85f (A, — Ast) + Astfy] Pymax = 0.85[0.85f) (A, — Ast) + At fy]

ds)

) fe _ 4as(Dep —

A
— 045 (— —1 _
p fyt pS SDgh

Ach
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Short Columns with Axial Load and Bending Moment

B 600 p _600(d—C) ' — 600 c—d
=600+, fs = c fs = )
C. = 0.85 fab, C, = AL(f, — 0.85 £)), T = Af,
bhf; ALf, b -4 f L Poly
"~ 3he nT 29173\ /e 2\ (e
L8 gogt05 (?)(ﬁ)“-m (7)(7)+1

el
B, =085f/bd{p'(m—1) — pm + <1 - E)

1 Al 2 d ! ' ! D1 a
O R e ]

When p = p' then

po=ossibdl—p+1-St (122 +2pm-1(1-L) 42

d—d
2

where el =e+

Biaxially Loaded Columns

1 _ 1 1 1 1 _ 1 4 1 1
P, P, P P or P, Pu Py P
Po = Ag|0.85f/(1 = pg) + pgfy]
Slender Columns
r=,1/A e = 0.3h r, = 0.3b r =0.25D
Y P, A, n2El
Q= < 0.05 P=— emin = (15 + 0.03h)
Vusle  (kly)? b
YE./l, (0.2E.1; + El,) 0.4E.l,
=o—=="° El = , El = ——2
X EplL /1 1+ Bans 1+ Bans
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Fig. A-6a

Nondimensional interaction diagram for rectangular tied columns with bars in two faces: fi. = 4000 psi and y = 0.60.
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E-4-60-0.75
/
40 fo = 4 ks h
] | Yh
e/h = 0.1 f, = 60 ksi i
L ]
35 ] ® |
~Pg = 0.05 / vy=0.75 b **.7*j~*77k7
/ 7 ¢
eth=10.2 . |
,f\ N ‘ e
py = 0.03 NG |
/;\ \\ ) y elh = 0.3 |
| — M LA N 1
2.51py = 0.02 X N
- TN N 4 \NERY, e/h = 0.4
2 ~pg = 0.01-1/1—N X NCTX =
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Fig. A-6b

Nondimensional interaction diagram for rectangular tied column with bars in two faces: f;. = 4000 psi and ¥y = 0.75.
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Fig. A-6¢

Nondimensional interaction diagram for rectangular tied column with bars in two faces: f; = 4000 psi and y = 0.90.

10




Reinforced Concrete Formulas and Charts Dr. Nasr Abboushi

E-5-60-0.6
/
40 f, = 5 ksi h
el/h I= 0.1 Yh
l _ . ]
fy = 60 ksi " i "
35-Pg = 0.05 A . | .
e/h =02 =08 b e
| pg = 0.04 ° ‘ °
\ \\ ’ [ ] ! [ ]
N /| !
307, =003 N )4 | o
\ \ X e/h = 0.3 |
y
| pg=0.02] [[ N\ A |
25 [ X/ )4 -
007 N N //\\ \
pg = 0. )
- — 9 1 \ \ e/h = 0.4 7
= ,I . \ / A T
Q,c < - \u \ V4
Y O 20 fs.'f G \ \ e/hJ: 05 P
/ A o P
/ )4 \/\ A A
\ - o
LIV AU L — A
1o I~ o5 A1 hd /e& °f T
J15 V1) AL\ L A
7 \ 7 /’
L4 r 4 "4 - “ 4 ‘ /eih = 1
1. Comp. Cont. Limit L
A “';(f\ --s(_x =
/ — =
1717 7 ﬁv\ — \ \'
4 . |
05 | ]’eris. Corﬁ L|m|t// PrigS
. 7 e AN ~ \
p. Pl \'\
/ey, / / Pk
o1/ / / I~
p4
0 0.2 04 0.6 0.8 1 1.2 1.4
My s
bh?

Fig. A-7a
Nondimensional interaction diagram for rectangular tied column with bars in two faces:f." = 5000 psi and y = 0.60.
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Fig. A-7b

Nondimensional interaction diagram for rectangular tied column with bars in two faces: f.. = 5000 psi and y = 0.75.
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Fig. A-Tc

Nondimensional interaction diagram for rectangular tied column with bars in two faces: f.. = 5000 psi and y = 0.90.
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Fig. A-8a

Nondimensional interaction diagram for rectangular tied column with bars in two faces:f. = 6000 psi and y = 0.60.

14




Reinforced Concrete Formulas and Charts Dr. Nasr Abboushi

E-6-60-0.75
/ h
N AN "= i
40Ty = 0051 TN ook Yh
BN T
- N N — = i ]
pg=0.04 N\ N\ e/h=0.2 f, = 60 ksi . | "
3.5 7 \\ . | .
| pg =003 JARNERNEAN L B I R
NCENCEN . -
L N\
2.0 Pg = 0.02 AN N ‘N ,
- NN AN N 4 e |P
\\ 1\ \ 7 \\ e/h=03 >
| Pg=0.01 A AN, Y \ |
// )\ N\ /] \\ (\ |
\_-.. =
S X/ N L NLAN
g / \ 11X
iy / \\ \\ \\ e/h =05 /
o (< _
E=N 9 2.0 \ \ / '\_d
R AT S G -
/ s = 05 Yo \N-HIX \ e/h = 0.7
L e e o B e e . L S P B I B B B S B o o B B = O
/] Comp. Cont. Limit i \ 5\ al
/ / S .« W W \ Le/h =1
A ‘ ~ ol
/ A SN N
et A -"r-' — N N
1.0 ] Tens. Cont. Limit i 7 > e AN | G
—1 |1 —
i A
/ A 7 A A /
05 / AL AT, pd pd /A
) I/ all // l/ l/ //
/ 7 // / / /
=D
A /
/
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6
% , Ksi
bh?
Fig. A-8b

Nondimensional interaction diagram for rectangular tied column with bars in two faces: f|. = 6000 psi and y = 0.75.
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Fig. A-8c

Nondimensional interaction diagram for rectangular tied column with bars in two faces: f. = 6000 psi and y = 0.90.
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Fig. A-9a

Nondimensional interaction diagram for rectangular tied column with bars in four faces: f. = 4000 psi and y = 0.60.
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Fig. A-9b

Nondimensional interaction diagram rectangular for tied column with bars in four faces: f. = 4000 psi and y = 0.75.
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Nondimensional interaction diagram for rectangular tied column with bars in four faces:f. = 4000 psi and y = 0.90.
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Nondimensional interaction diagram for rectangular tied column with bars in four faces: f;. = 5000 psi and y = 0.60.
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Nondimensional interaction diagram for tied column with bars in four faces: f. = 5000 psi and y = 0.75.
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Nondimensional interaction diagram for tied column with bars in four faces: f;. = 5000 psi and y = 0.90.
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Nondimensional interaction diagram for tied column with bars in four faces: f,. = 6000 psi and y = 0.75.
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Nondimensional interaction diagram for tied column with bars in four faces: f. = 6000 psi and y = 0.90.
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Nondimensional interaction diagram for circular spiral column: f;. = 4000 psi and y = 0.60.
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Nondimensional interaction diagram for circular spiral column: f. = 4000 psi and y = 0.75.
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Nondimensional interaction diagram for circular spiral column: . = 4000 psi and y = 0.90.
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Nondimensional interaction diagram for circular spiral column: f;. = 5000 psi and ¥ = 0.60.
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Nondimensional interaction diagram for circular spiral column: f. = 5000 psi and y = 0.75.
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Nondimensional interaction diagram for circular spiral column: f. = 5000 psi and y = 0.90.
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Nondimensional interaction diagram for circular spiral column: f;. = 6000 psi and y = 0.60.
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Nondimensional interaction diagram for circular spiral column: f. = 6000 psi and y = 0.75.

33

1.0



Reinforced Concrete Formulas and Charts Dr. Nasr Abboushi

C-6-60-0.9
[T / f. = 6 ksi h
5.0 =TT [
[ pg = 0.05 N / f,=60ksi |2,
~ e/ht= 0.1 v=0.9
4.5 :plg |:|0;071 : N y
RN e,P
| L L L L) o~ "~ \
_PQ‘ = O 03 M N \\ |‘_4
N
4.0k : l_l H L N < N
[pg = 0.02 S AN LT N, e’h=0.2
L] § . N
mEmn ANVEER \
3.5|pg = 0.01 N TN
7 > \\ \\ -
f = 0 N N A
s \"\\ PN elh =03
3.0 N \C C L
N\, P
n \ P
= / \ 3 - \
< \ \ -1
S / AN NTIN N e/h = 0.4
Vi fs = 0.5, S X
\
S a . A e/h = 0.5
/ LT \ - L1
Vi Comp. Cont. Limit AN FrET N
[ ‘\
all A \
/ | H e/h = 7\
L1 // \
/ | A
1.0 . AT ] 1_e/h=1
Tens. Cont. Limit ] // PP T RALL =TT
1 L1 /, | 1 -
11 | — LA /, ™
0-5 A1 1 | // | +—T"1 /’ il
] T T A pd pd
AT 41 - d //
— L /,
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Mn ysi
Agh
Fig. A-l4c

Nondimensional interaction diagram for circular spiral column: f;. = 6000 psi and y = 0.90.
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Compression members:

Columns 0.70 I,
Walls — Uncracked 0.70 Ig
— Cracked 0.35 Ig
Flexural members:
Beams 0.35 Ig
Flat plates and flat slabs 0.251,

Compression members:

1=(0g+ 252 (1—ﬂ—0.5&>1 < 08751
4, P h p)'s= g

I need not be taken less than 0.351g.

Flexural members:

b
I =(0.1+ 25p) (1.2 —0.2 7””) I, <051,

kl M kl
—“334—12(—1) < 40, =Y
T M, T
12D (sustained) _ maximum factored sustained shear in the story
dns = 12D +16L s — total factored shear in the story
M, L, 35
Cnhn=06+04 (—) > 0.4 —->
M, T
Py
fdAg
Cm 1 1
5715:—131‘2 10, 652m21.0, 6S:W210
__"u _ u
1-075E; =075 E
One-way Slabs
2 Wuln
My = G2, Vo= Co(222)
bh?
M, = 0.42/f/Sm, Sm = e
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End span Interior spans
Discontinuous end

Exterior face of
first interior support

Other faces of
interior supports

Interior face of
exterior support

(a) Terminology.

C,= —1/9if only two spans, —1/10 if three or
more spans

il

‘1;"15 —1!11 S —1.1’11
1.0 1.0 1.0

{b) Moment and shear coefficients—Discontinuous end unrestrained.

Crm kid 1724 114 -1/ or 1110k — 111 111
Cv 1.0 1.15 1.0 1.0 1.0

(c) Moment and shear coefficients—Discontinuous end integral with support
where support is a spandrel girder.

1/14 -—wsm 1;1?-1:11 1:15

(d) Moment and shear coefficients—Discontinuous end integral with support
where support is a column.
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TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported continuous | continuous | Cantilever

Members not supporting or attached to partitions or other
Member construction likely to be damaged by large deflections

Solid one-
way slabs

u20 i24 u28 751V

Beams or
ribbed one- 16 ¢M18.5 21 [/}
way slabs

Notes:

Values given shall be used direcily for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified
as follows:

a) For lightweight concrete having equilibrium density, w,, in the range of
1440 to 1840 kg/m®, the values shall be multiplied by (1. 65 0.0003w,) but
not less than 1.09.

b) For fy other than 420 MPa, the values shall be multiplied by (0.4 + fymm).

Two-way Slabs

e = Ecblb
T Egly
1. For 0.2 < apy < 2
L (o 8 + 11{)0)
> 125mm
T 36+ 58(apm — 0.2)
2. For appm >2
L, (o 8+ 1{%)
h = =90 mm
36 +9p

3. For apy, < 0.2 h = minimum slab thickness without interior beams (Table 9.5(c))

M, = C,wl?, M, = C,wl? Mg ip = Cawliby, M, = C,wlibs
l, b
Vaa =wa (5= 5= )
1 1
Punching stirrups V, = E\/ﬁbod, V. = g\/ﬁbod
) 2 1 V, 1
Punching studs V, = 5\/Eb0d V. = Zl\/ﬁbod Vu = < gdﬁﬁ
0

Punching Shear (Slabs and Footings):

1/ 2 1
e O S e LI L
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TABLE 9.5(c)—MINIMUM THICKNESS OF SLABS
WITHOUT INTERIOR BEAMS*

Without drop panels+ With drop panels*

Interior Interior
Exterior panels | panels | Exterior panels | panels

Without |  With Without | With

edge edge edge edge

f,. MPa'| beams | beams® beams | beams®

280 t,/33 | ¢,/136 | ¢,/36 | ¢,/36 | ¢,/40 | ¢,/40
420 ¢,/30 | ¢,/33 | ¢,/33 | ¢,/33 | ¢,/36 | ¢,/36
520 t,/28 | ¢,/31 ¢, 131 n 131 134 | ¢,/34

"For two-way construction, ¢, is the length of clear span in the long direction,
measured face-to-face of supports in slabs without beams and face-to-face of
beams or other supports in other cases.

tFor f, between the values given in the table, minimum thickness shall be
determined by linear interpolation.
iDrop panels as defined in 13.2.5.
§Slabs with beams between columns along exterior edges. The value of a4 for]

the edge beam shall not be less than 0.8.

/2
A, bt%ta?‘o:hmore
7 \ /
(a) Section for /p—Edge beam. ‘—-I l
| T\
/////////////I. \ ml - 1
(b) Section for Is—Edge beam.
&l 2 bw thiﬁwéf Y Z%TOW
( 277 77 \ B / N
g | |
(¢) Section for ip—Interior beam. h l |//// /i )\
T hy \\ N //
\ AL AN D by l

(d)} Section for /is—Interior beam.

Beam and slab sections for calculations of (X f

Cross section of beams as defined

38
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TABLE 1
Coefficients for negative moments in slabs®
Ma,neg = Ca,negWIg

where w = total uniform dead plus live load
Mb,neg = Cb,negWIg

Ratio Casel | Case2 | Case3 | Case4 | CaseS | Case6 | Case7 | Case 8 | Case 9
SR N A 2 o N A N A .
A
1.00 Canes 0.045 0.050 | 0.075 | 0.071 0.033 | 0.061
o Cheg 0.045 | 0.076 | 0.050 0.071 0.061 0.033
0.95 Coneg 0.050 0.055 | 0.079 | 0.075 0.038 | 0.065
" Chineg 0.041 0.072 | 0.045 0.067 | 0.056 | 0.029
0.90 Cons 0.055 0.060 | 0.080 | 0.079 0.043 | 0.068
" Chnge 0.037 | 0.070 | 0.040 0.062 | 0.052 | 0.025
0.85 Conii 0.060 0.066 | 0.082 | 0.083 0.049 | 0.072
T Gy 0.031 0.065 | 0.034 0.057 | 0.046 | 0.021
0.80 Coney 0.065 0.071 0.083 | 0.086 0.055 | 0.075
" Chieg 0.027 | 0.061 O.'029 0.051 0.041 0.017
075 Cuneg 0.069 0.076 | 0.085 | 0.088 0.061 0.078
" Chineg 0.022 | 0.056 | 0.024 0.044 | 0.036 | 0.014
0.70 Coaneg 0.074 0.081 0.086 | 0.091 0.068 | 0.081
= Oz 0.017 | 0.050 | 0.019 0.038 | 0.029 | 0.011
0.65 Conaz 0.077 0.085 | 0.087 | 0.093 0.074 | 0.083
Vi i 0.014 | 0.043 | 0.015 0.031 0.024 | 0.008
0.60 Cones 0.081 0.089 | 0.088 | 0.095 0.080 | 0.085
7 Chineg 0.010 | 0.035 | 0.011 0.024 | 0.018 | 0.006
0.55 Cosis 0.084 0.092 | 0.089 | 0.096 0.085 | 0.086
= Chineg 0.007 | 0.028 | 0.008 0.019 | 0.014 | 0.005
0.50 Cones 0.086 0.094 | 0.090 | 0.097 0.089 | 0.088
= Chig 0.006 | 0.022 | 0.006 0.014 | 0.010 | 0.003

@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 2
Coefficients for dead load positive moments in slabs”
Ma,pos.di = Ca.lelg

5 where w = total uniform dead load
My posat = Coatwlj;

Ratio Casel | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case 8 | Case9

m=1 [ ] IO aICOlCalo 3

Ly

Coar | 0036 | 0.018 | 0.018 | 0.027 | 0.027 | 0.033 | 0.027 | 0.020 | 0.023

e Cpar | 0036 | 0.018 | 0.027 | 0.027 | 0.018 | 0.027 | 0.033 | 0.023 | 0.020

Caar | 0.040 | 0.020 | 0.021 | 0.030 | 0.028 | 0.036 | 0.031 | 0.022 | 0.024

095 Cpar | 0.033 | 0.016 | 0.025 | 0.024 | 0.015 | 0.024 | 0.031 | 0.021 | 0.017

Coar | 0045 | 0.022 | 0.025 | 0.033 | 0.029 | 0.039 | 0.035 | 0.025 | 0.026

090 Cpoar | 0029 | 0.014 | 0.024 | 0.022 | 0.013 | 0.021 | 0.028 | 0.019 | 0.015

Coar | 0050 | 0.024 | 0.029 | 0.036 | 0.031 | 0.042 | 0.040 | 0.029 | 0.028

0.85 Cpar | 0026 | 0.012 | 0.022 | 0.019 | 0.011 | 0.017 | 0.025 | 0.017 | 0.013

Coar | 0.056 | 0.026 | 0.034 | 0.039 | 0.032 | 0.045 | 0.045 | 0.032 | 0.029

080 Cpar | 0.023 | 0.011 | 0.020 | 0.016 | 0.009 | 0.015 | 0.022 | 0.015 | 0.010

Coar | 0.061 | 0.028 | 0.040 | 0.043 | 0.033 | 0.048 | 0.051 | 0.036 | 0.031

075 ¢ 1 0019 | 0009 | 0018 | 0013 | 0007 | 0.012 | 0020 | 0.013 | 0.007

Coar | 0.068 | 0.030 | 0.046 | 0.046 | 0.035 | 0.051 | 0.058 | 0.040 | 0.033

070 " | 0016 | 0007 | 0016 | 0.011 | 0005 | 0.009 | 0017 | 0.011 | 0.006

Coar | 0074 | 0.032 | 0.054 | 0.050 | 0.036 | 0.054 | 0.065 | 0.044 | 0.034

065 ¢ | 0013 | 0.006 | 0014 | 0009 | 0004 | 0.007 | 0.014 | 0.009 | 0.005

Coar | 0.081 | 0.034 | 0.062 | 0.053 | 0.037 | 0.056 | 0.073 | 0.048 | 0.036

060 Coar | 0.010 | 0.004 | 0.011 | 0.007 | 0.003 [ 0.006 | 0.012 | 0.007 | 0.004

Coar | 0.088 | 0.035 [ 0.071 | 0.056 | 0.038 | 0.058 | 0.081 | 0.052 | 0.037

0.5 Cpar | 0.008 | 0.003 | 0.009 | 0.005 | 0.002 | 0.004 | 0.009 | 0.005 | 0.003

Coar | 0.095 | 0.037 | 0.080 | 0.059 | 0.039 | 0.061 | 0.089 | 0.056 | 0.038

050 " | 0006 | 0.002 | 0007 | 0004 | 0.001 | 0.003 | 0.007 | 0.004 | 0.002

@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 3

Coefficients for live load positive moments in slabs”
Ma.pas,h’ = Ca,HWI3

_ 2
My, posii = Couwly

where w = total uniform live load

Ratio Casel | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case8 | Case9
[, :
m= 7 I C 3o/ g
b
1.00 Con | 0.036 0.027 0.027 0.032 | 0.032 0.035 0.032 | 0.028 | 0.030
T Gy | 0036 | 0027 | 0032 | 0.032 | 0.027 0.032 0.035 0.030 | 0.028
0.95 Con | 0.040 0.030 | 0.031 0.035 0.034 | 0.038 0.036 | 0.031 0.032
T Cun | 0033 | 0.025 0.029 0.029 0.024 | 0.029 0.032 | 0.027 { 0.025
0.90 Con | 0.045 0.034 | 0.035 0.039 0.037 0.042 0.040 0.035 0.036
7 Cpy | 0029 | 0.022 | 0.027 0.026 | 0.021 0.025 0.029 | 0.024 | 0.022
0.85 Con | 0.050 | 0.037 0.040 | 0.043 0.041 0.046 0.045 0.040 | 0.039
T Cpu | 0026 | 0019 | 0.024 | 0.023 | 0.019 0.022 0.026 | 0.022 | 0.020
0.80 Con | 0.056 | 0.041 0.045 0.048 0.044 | 0.051 0.051 0.044 | 0.042
T Cun | 0.023 0.017 0.022 | 0.020 | 0.016 | 0.019 0.023 0.019 | 0.017
0.75 Con | 0.061 0.045 0.051 0.052 | 0.047 0.055 0.056 | 0.049 | 0.046
7 Gy | 0019 0.014 | 0.019 0.016 | 0.013 0.016 | 0.020 | 0.016 | 0.013
0.70 Con | 0.068 0.049 | 0.057 0.057 | 0.051 0.060 0.063 0.054 | 0.050
" Ceu | 0016 | 0.012 | 0.016 0.014 0.011 0.013 0.017 0.014 | 0.011
0' 65 Con | 0074 | 0.053 0.064 | 0.062 | 0.055 0.064 | 0.070 | 0.059 | 0.054
T Cen | 0013 0.010 | 0.014 0.011 0.009 0.010 | 0.014 0.011 0.009
0.60 Con | 0.081 0.058 | 0.071 0.067 0.059 0.068 0.077 0.065 | 0.059
7 Gy | 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 | 0.007
0.55 Con | 0.088 | 0.062 | 0.080 | 0.072 | 0.063 0.073 0.085 0.070 | 0.063
T Cpu | 0.008 0.006 | 0.009 0.007 | 0.005 0.006 0.009 | 0.007 0.006
0.50 Con | 0.095 0.066 | 0.088 0.077 | 0.067 0.078 0.092 | 0.076 | 0.067
7 Cun | 0.006 | 0.004 | 0.007 0.005 0.004 0.005 0.007 0.005 0.004

@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 4
Ratio of load W in [, and [, directions for shear in slab and load on supports®

Ratio Case]l | Case? | Case3 | Case4 | Case5 | Case6 | Case7 | Case8 | Case9

RS N T N B O l

W, | 0.0 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67

100 W, | 050 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33

W, | 055 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71
Wy | 045 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29

W, | 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75
W, | 040 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25

W, | 0.60 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79
W, | 0.34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21

W, | 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83

080 w | 020 | 020 | 067 | 029 | 008 | 014 | 051 | 045 | 017

W, | 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86

075wl 024 | 024 | 061 | 024 | 006 | 012 | 044 | 030 | 014

W, | 081 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89

070w | 019 | 019 | 055 | 019 | 005 | 009 | 038 | 032 | o1

W, | 035 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92

065 W, | 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08

W, | 089 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94

0.60 W, | 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06

W, | 092 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95

055 w | o008 | 008 | 031 | 008 | 002 | 004 | 019 | 015 | 005

0.50 W, | 094 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97
W, | 006 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03

4 A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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3

_ Egply E.C wy 12 Z( x\ x3y
a =50 Be=spr M, =22, C= 1—0.63;)T

R End span /,, —

(a) exterior edge unrestrained,
e.g., supported by a masonry wall;

]

L L
(b) slab with beams between all supports; (d) slab without beams between

interior supports but with edge beam;

-y—.'] ..+.

L TSN M Tl i N TR SR T AT s

LI N

(c) slab without beams, i.e., flat plate; (e) exterior edge fully restrained,
e.g., by monolithic concrete wall.

Conditions of edge restraint considered in distributing
total static moment M|, to critical sections in an end span.

Al

Distribution factors applied to static moment M, for positive and negative moments

in end span

(a) (b) (<) [ ) (e)
Slab without Beams
. between Interior .
Slab with Supports Exterior
Exterior Beams Edge
Edge between Without With Fully
Unrestrained All Supports Edge Beam Edge Beam | Restrained
Interior negative 0.75 0.70 0.70 0.70 0.65
moment
Positive moment 0.63 0.57 0.52 0.50 0.35
Exterior negative 0 0.16 0.26 0.30 0.65
moment
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Column-strip moment, percent of total moment at
critical section

o/

0.5 1.0 2.0

Interior negative moment
aply/l =0 75 75 75
anb/l, = 1.0 90 75 45

Exterior negative moment
aplafl, = 0 B,=0 100 100 100
B,=25 75 75 75
ayb/l, = 10 B,=0 100 100 100
B, =25 90 75 45

Positive moment

anb/l, =0 60 60 60
a b/l = 1.0 90 75 45

] ] i

0.65 to 0.75 M,

..-------_-l----‘l

— 0.65M,
— o
010085 M, 5 RN —’Tn»:- Vo /(4 )
. k
4

Exterior span Interior span

Assignment of positive- and negative-moment regions.

Footings and Foundations

2 1
Ys=8 11 =3
A P, — ¢P
$(0.85£/4,) $(0.85£/4,) == Agowels = b~ Oy > 0.0054,
Ay bfy
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1. Whene = M/P < 1/6, the soil pressure is trapezoidal.

_P+M _P+6M P M P oM
Tmax = 4 T T =17 Bz LR I -TANTR
2. Whene = M/P =1/6, the soil pressure is triangular.
_P+6M_2P _ o= P &M P 6M
Imax =51 T B2 = Br Tmin =0 =51 "Bz ° Bl B
3. Whene = M/P > 1/6, the soil pressure is triangular.
1 b (Sx)B _2r 2P
2
P M, M,
q= Z + Ky + ?x < Yatlow,net

Development, Anchorage, and Splicing of Reinforcement

Tension-Development Lengths

LA Pepes d,
4= 70 ,1\/—' (cb+Ktr)

& 20 and Smaller Bars

& 22 and Larger Bars
and Deformed Wires 8

Case 1: Clear spacing of bars being developed
or spliced not less than dj, and stirrups or ties
throughout [; not less than the code

minimum g = E % fybebe d, I, = E 5 fyebe d,
or 25 /fc' 20 ) /fc'
Case 2: Clear spacing of bars being developed () (xxx)
or spliced not less than 2d,and clear cover
not less than d,,
18 fpake 18 Sk
Other cases a= /1\/— 17207 £ b

- The length l; computed using these equations shall not be taken less than 300 mm.
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/M

'\l
é =dy, d
=
] Ties satisfying ACI @ @ @ L =20
=d, Section 7.10.5 or
ﬁ I.—L.i stirrups satisfying ACI
' Code Sections 11.4.5
@ @J and 11.4.6.3 along D D )
=g, developmentlength
| |
=dp Minimum cover satisfying ' ~d
(a) Case 1. ACI Section 7.7.1 (b) Case 2. =%b

Factors in Equations (*) through (x*xx*x)
1 — bar location factor
Horizontal reinforcement so placed that more than 300 mm of fresh
concrete is cast in the member below the development length or
] o] 1ol PSR 1.3

1, — coating factor
Epoxy-coated bars or wires with cover less than 3d;, or clear spacing less

ENAN B i e s 1.5
All other epoxy-coated bars Or Wires........ccccevveeeeeeiieicccccieeeree e, 1.2
Uncoated and galvanized reinforcement .........cccoccciieiiiiciiiiee e, 1.0

The product of (; - ¥, ) need not be taken greater than 1.7.
s — bar-size factor
& 20 and smaller bars and deformed Wires .........ccccceeevveeciieecieenee e, 0.8

D22 aNd Jarger Dars.....ccueicie i e s 1.0

A — lightweight-aggregate-concrete factor

When any lightweight-aggregate concrete isused ..........cooeevuvrrrreevnennnn.. 0.75
However, when the splitting tensile strength f..is specified, A shall be
permitted to be taken as f,;/0.56,/ f,’ but not more than.............c..coc....... 1.0
When normal-weight concrete is USed ......ccvveeeveeeiiiiiiecccirreee e, 1.0

K;, — transverse reinforcement index

_ 404,
tr — sn
Compression-Development Lengths
0.24f,
= dp but not less than = 0.043f,d,

l
dc A\/F
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Hooked Anchorage

12, |

|__

210 through @25: D=64,

ldh - 024

Vely

—2 d, x

N

90" Hook

(applicable factor from ACI Code Section 12.5.3,

A—

@28, 32, and 36: D=284q,

4dj,or 65 mm min
180" Hook

as summarized in the table below

@45 and 57: D=100,

)

where Y, = 1.2 — for epoxy-coated bars or wires and 1.0 for galvonized and uncoated

reinforcement

dy = Top or
Hooked Side Bottom
Bar Cover, Cover, Tail
Location Type size @ mm mm Cover Stirrups or ties Factor ¢
Anywhere,
12.5.3(a) 180° | < Y36 | = 65mm| Any Any Not required x 0.7
Anywhere,

12.5.3(a) 90° | <36 | =65mm| Any > 50mm Not required x 0.7
Anywhere, Enclosed in stirrupsor | x 0.8
12.5.3(b) ties perpendicular to Except

90 <36 Any Any Any hooked bar, spaced asin

< 3db along ldhb line 6

Anywhere, Enclosed in stirrupsor | x 0.8
12.5.3(b) ties parallel to hooked | Except

90 <36 Any Any Any bar spaced < 34, asin

along lyp," line 6

Anywhere, Enclosed in stirrups or x 0.8
12.5.3(c) ties perpendicular to Except

180 <36 Any Any Any hooked bar, spaced asin

< 3d,, along lgp,” line 6
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6. | At the ends
of members,
12.5.4 ¢

90 or
180°

<36

< 65mm

< 65mm

Any

Enclosed in stirrups or
ties perpendicular to
hooked bar, spaced

< 3d,”

x 1.0

2d,is the diameter of the bar being developed by the hook

bThe first stirrup or tie should enclose the hook within 2d,, of the outside of the bend.

€If two or more factors apply, L4,is multiplied by the product of the factors

dLine 6 (ACI Code Section 12.5.4) applies at the discontinuous ends of members

Bar Cutoffs and Development of Bars in Flexural Members

No flexural bar shall be terminated in a tension zone unless one of the following conditions is

satisfied:
1. The shear is not over two-thirds of the design strength ¢1;,.

2
Vi < 56 + 1)

2. Stirrups in excess of those normally required are provided over a distance along each

terminated bar from the point of cutoff equal to Zd. These "binder" stirrups shall

provide an area A, = 0.41b,,s/f,.. In addition, the stirrup spacing shall not exceed

s < d /8Py, where 3, is the ratio of the area of bars cut off to the total area of bars

at the section.

3. The continuing bars, if & 36 or smaller, provide twice the area required for flexure at
that point, and the shear does not exceed three-quarters of the design strength ¢V,

3
Ve <760 +1)

M
available embedment length =1, + 13— > 1,
u

actual l,, but
available embedment length = | not exceeding the |+
larger of 12d, or d

My

%—d

Tension Lap Splices of Reinforcement

Class A splice: 1.0 [,
Class B splice: 1.3 [,
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Type of Tension Lap Splices Required

Maximum
Percentage of A
Spliced within
Required Lap
Length
Ag Provided
e — 509 1009
As Required 2 s
Two or more Class A Class B
Less than 2 Class B Class B

Source: AClI Commentary Section R12.15.2.

Compression Lap Splices of Reinforcement

For bars with f;, < 420 MPa 0.071f,d,

For bars with f;, > 420 MPa (0.13f,—24)d,

Column Splices

Lap Splices in Columns

12.17.2.1—Bar Stress in compression Use compression lap splice (12.16) modified by
(Zone 1) factor of 0.83 for ties or 0.75 for spirals.
12.17.2.2—Bar Stress < 0.5f  in tension Use Class B tension lap splice (12.15) if more than
(Zone 2) y 1/2 of total column bars spliced at same location.

or

Use Class A tension lap splice (12.15) if not more
than 1/2 of total column bars splices at same
location. Stagger alternate splices by /.

12.17.2.3—Bar Stress > O.5fy in tension Use Class B tension lap splice (12.15).

(Zone 3)
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