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Beams

{3 —a) Simple Beam :

L
L. = smallest of 1.05L,
Le+d

Subject Code
1—-Breadth of T—sec.(B):
B 16t,+b
B = smallest of L;/5+Db
j 1 {ts C,. to Cp of adjacent

labs.

Where : (6-3-1-9)
L: for simple spans.
L=
B 0.70 L: for continuous spans.
(2 - Breadth of L —sec. (B):
B 6t,+b
B = smallest of L,/10+b
< |tg C,, of adjacent
Slab. (6-3-1-9)
b
3 -Span of the Beams : (L. ):

| I
! d] ! (6-3-1-2)

| I, |

| I )

£

(6-3-1-2-1)




Subject Code
{3 —-b) Continuous Beam :
L
L.s = smaller of
1.05L, {(6-3-1-2-2)
{3 —C) Cantilever Beam :
1.
L Leg = smaller of
L + dimax
L.
L

4 ) Minimum Area of Steel for Beam Sections

Subjected to Pure Moment : { ASqyn ) :

{ 1171

4-2-1-2
1.3 Agreq / (bd) ( )
but not less than

0.25
—— teel (24/35
160 Jor steel ( )

0.15
——— for high grade steel
100 Jor high gr

and :
AS . = g, bd.

for all types of sections ( Rect., L, T sec ).




Subject

Cade

( 5) Bending Moments in Beams :

In case of equal spans (or difference < 20 % ) and equal loads .

L (6-3-1-6)
K,
Kn=-24 -24 -24 -9 -24
£ 8 A & 11 A 11 &
24 -10 -12 |
X 12 A 16 )
{6) Maximum Shear Force in Beams :
In case of equal spans (or difference < 20 %) and equal loads.
Q=K;.w.L. (6-3-1-6)
K, =05 0.5 0.4 0.6 0.6 0.4
£ r § V' 7 r §
0.45 0.6 0.5 05 05
£ A r 3 14
Note :

For Ultimate Limite State Design Method substitute by W, instead of W for

both moments and shear.,




Steel Details

Subject Code
Development Lengh ( L4) : (4-2-5-1)
_ i
Ld—aj’-oc-ﬁ.n(y—)ﬂtfh cm (4-56)
where :
‘f = diameter of bar CmL.
f, = yield steel stress kg/em® .

¥.= capacity reduction factor for steel = 1.15 .

fou = 0.87 1. /7.

fou = characteristic concrete strength kg/cm2 ]

y .= capacity reduction factor for concrete = 1.50

n = 1.40 for top reinforcement with concrete below it of thickness > 30 cm.

n=1.00 for ail other cases.

«="Table (4-7) Table (4-7)
Case End Shape o« - values
Tension Compression
1 c 0.75 1.00
2 1.00 1.00
3 Pl 0.75 1.00
4 | S 0.75 1.00




Subject Code
p=Table (4-8) Table (4 -8)
Case Type p - values
Tension Compression
1 Smooth 1.00 0.70
2 Deformed 0.75 0.50
La=(for n=1.0) Table {4-9)
Steel Type Tension Compression
Smooth -- 40 ¢ 35¢
24 /35
Deformed s0 ¢ 40 ff 35 §f
28 /45
36/52 65 ¢f 50 ¢f 35 §{
40/60 70 §f 55 ¢f 35 §{
Note : (4-2-5-1)
40 cm smooth
la =
30 cm deformed bars




Slabs

(7—a) One way Slab :
calculation of deflection may be neglected if using table (4 —10)

ts min = Gmin + COVeET .

for High grade steel :
K 3 a/20
= £
Amin =Y & y 3 9 a/24

y 3 x ‘; a/28

for Mild steel :

dinin = K y y r' a/30

a/35
Note ;

tamin = 8.00 cm for static loads .
= 12.00 cm for dynamic loads.

Subject Code
Effective Spans for Slabs : ( Leg): (6-2-1-1)
e 1 RS-
I .
L
£ £ i
| L
£
{a) Simple and Continuous Slabs (b ) Cantilever Slab :
L L
Ley = Smaller of Lesy = Smaller of
Letts Lo + ts max
{ 7} Minimum Thickness of Slab : ( tymia ) : {(6-2-1-2)

Table (4 -10)




Subjeet

Code

{(7-b)Two Ways Slab :

a/l35 A
tsmin © A A
a/45 ¢

> A A

T

where for both one and two way slabs
a = short span of Slab.

{8 ) Moments in Slabs :

(6-2-2-3)

(8- a) One Way Slabs :

In case of equal spans (or difference < 20 % ) and equal loads .

K =24 -zz:; 24 -8 24
4 8

-24
A

12 (
10 A 12 A

{8-b): Two Ways Slabs ;

for Slabs continuous from one side
M, =+ o«.w.a’/10.

M, =+ B.w.b*/10.
for Slabs continuous from Two sides

M,=+xwa/l2.
M, =+ 8. wb?/12.

(6-2-1-3)

(6-2-2-4)




Subject Code

(9) Minimum Area of steal in Slabs : ( ASqin ) (6-2-1-4)

(9=2) mild steel ( { ):

0.25
W 'c required

Ay min = bigger of
0.15

T(')H  ehosen

(9-b) High Grade steel ( f{ )

0.25

— / A

100 o /gy Ve e
Asmin = bigger of

0.15

where :

fy § = mild steel yield stress .
/f, i High grade steel yield stress.




Columns

Subject

Code

( 10) Bracing Factor{ o«}:
The building is assumed to be braced if :

mzHrLﬁL
T El
<0.2+0.10n forn<4

Other wise, it is assumed to be unbraced.

Where :

n = no. of floors.

N =1total vertical loads.

H = total height of building from top of the foundation.
EI = flexural rigidity of all vertical members.

<06forn=>4

(6-5-4)

(11) Effective Height of Column ( H, ) :

H.=K.H,.

(11 - a) Braced Columns;

[0.7+0.05 ( «, + x,)] H,

H. = smaller of
[0.85+0.05( «< )] Ho

Or using approximately — table ( 6 — 9 ) to get k - values.

Top I.ZFd Bottom End Condition
Condition
1 2 3
1 0.75 0.80 0.90
2 0.80 0.85 0.95
3 0.85 0.95 1.00

(6-4-5-1)

Eq(6-31a)

Eq(6-31b)

Table (6 -9)




Subject Code
{11 - b) Unbraced Columns:
[LO+0.15( ¢, + o) | Hy Eq(6-32)
H. = smaller of
[2+030( < )]H, Eq(6-33)

But :
H. > H,
Or using approximately — table { 6 — 10) to get k — values.
Top ].i:l.‘d Bottom End Condition
Condition
1 2 3
1 1.20 1.30 1.60
2 1.30 1.50 1.80
3 1.60 1.80 --
4 2.20 -- --
Where :

ax=X(EI/H) Z(E1, /L)
x, & o, = values of o at bottom and top ends respectively.

o = smaller of «, & «,

End Conditions:

The end conditions are defined as:

Case ( 1 ) : the end of column is monolithically cast with beams or slabs
having a depth not less than the lateral dimension of the
column in direction considered. Also for the end of the
column connected to the foundations if the foundations are
designed to carry moments.

Case ( 2 ): The end of column is monolithically cast with beams or slabs
having a depth less than the lateral dimension of the column
in direction considered ,

Case ( 3 ) : The end ofthe column is connected to a member, unable to
prevent rotation.

Case (4 ) : The end of the column ( or wall ) is not prevented from rotation
or horizontal movement,
L =50b"7a <30b

Table (6 —10)

Eq(6-34)

Eq(6-35)

10
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Code
(12 ) Maximum Slenderness Ratio for Short Column : (6-4-4)
AL=H,/b A, =H, /D A, =H./i
Type A, rect_sec A, circ.sec. A*
Braced 05 2 50 Table (6-7)
Unbraced 10 8 35
* 1=10.3 b for rectangular section.
= (.25 D for circular section.
( 13 ) Maximum Slenderness Ratio for Long Column ; (6-4-5)
Type 2, A 4
Braced 30 25 100
Table (6-8)
Unbraced 23 18 70
{ 14} Equations for Design of Short Column :
Section may be subjected to moment with normal force But :
M <epalor: M. < e
P R
where :
0.05t. (4-2-1-3)
€min = bigger of
' 20 mm. (5-3-3-2)

11




Subject Code

(14 — a ) Limit State Design: (4-2-1-3)
Tied Column:
Pu=0.35f, Ac+ 0.67 £, A, Eq(4-12a)
Spiral Column : The Least of :
Pu=0.40f,, Ac+0.76 A f, . Eq(4-12b)
Py =0.35 £ Ay + 0.67 £ A+ 1.38 £, Vi . Eq(4-12¢)
(14— b ) Working Stress desipgn: (5-3-3)
Tied Column:
P=A fo+ 0441 A.. Eq(5-4a)
Spiral Column : The Least of:
P=114 A f5+0.15f A, Eq(5-4b)
Where :
Ve =7 DA, I P Eq(4-12d)

v,
My, =——2034 Ju [i—lj Eq(4-12e[)

Ak fyp Ak
{15) Long Braced Column : {(6-4-5-2)
( 15 — a) Additional moment due to buckling : ( Mags )
M, =Ps5 Eq(6-36)
Where :
& =% b/2000 Eq(6-37)

12
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Code

(15-b) Design Moments : { Mgesign ) ©

( 1) If the moment is about the secondary axis :

M;
M; + Mgqq
M, Maesign = biggest of
D.r"huuﬂ M| + Madd /2
i M, P.€min
I-—Set_:onda.ry
axis,

Where :

M, =0.40 M, +0.60 M, > 0.4 M,

and
M,; will be taken with —ve sign in Eq.( 6 — 39 ) in case of columns having
double bending.

(2) If the moment is about the main axis:

The column will be designed as a section subjected to biaxial moments

Maga ( M; = 0.0)
Main I Mdcsign = bigger
a.'m_‘L‘_ 4...&%!: sign P. enin
——>Secondary
axrs
or M,
Note : M

In case of calculating the building as beams and columns, ( under one
condition that columns are not subjected to moments due to sidesway) ,
moments may be calculated as follows:

1 — My, & M, are considered equal to zero in case of intertor columns
carrying a group of beams approximately symmetrical arranged and
loaded. In flat slab buildings, moments in interior columns are
calculated according to article (6-2-6-4 ) and thc design moment is
taken according to article ( 6-4-5-2 ii) .

2 — moments in exterior columns is calculated from table ( 6 —11).

Eq({6-38)

Eq(6-39)

13




Subject

Code

From table (6-11)

Position of moment

Moments in case of
one span — frame

Moments in case of
multi — span - frame

Table {6 -11)

Bottom of upper K, M, K M, »
column K, +K,+05K, K, +K +K, “
1 | K,.M, K,.M,
Top of lower column K, +K, +05K, K, +K, + K,
15
—I::'Eg_
KL
Where :
M; = connecting moment at ends of beams considered totally fixed with
column as a frame.
Note:
We can use equations in table ( 6 — 11 ) for moments at top of lower
column to get M at upper end at last floor roof taking K, = 0.0 .
(16} Long Unbraced Columns : (6-4-5-3)

( 16 — a ) Additional Moment due to buckling ( M,44 ).

M=P.3

av

where :
8, =Z8/n

and :

n = no. of columns in the floor.

( Neglccting all values of § > 2 §,, in calculating &,, )

Note :

Maaq must be taken into consideration when design the beams and slabs

monolithically cast with the column.

14
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Code

{16 b ) Design moments { Mycsign) :

( 1) for columns subjected to axial moment:

P. Cmin
Mcsign = bigger
M; + May

(2) for columns subjected to biaxial moments:

B"i:lcsign x = MZ
Maaq
Muesign y = bigger of

P.Cmin

Eq(6-41)

{17} Minimum Area of steel in columns ( A, min ) :
(17 — a) Tied column:
Short Column :

0.80
100
Ag min = bigger of
T A
Long column :
0.25+0.015 4, 4
100 ¢ et
Asmin = or
0.25+0.052 A, 4
100 required
( for rectangular sec )

(6-4-7)

15
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(17 - b ) Spiral Column :

10,
100
Aspmin = bigger of
120
100
{18 } Maximum Area of Steel in Columns ( Asmax ) (6-4-T7)

Asmax = 4% A, Interior column
= 5% A, Exterior coumn

= 6% A. Comercolumn

{ 19) Allowabie Stresses for Eccentric Comp. Sections,

£, Fromtable (5-1)

foan= smaller of

(0.23+0.32?)fw. Eq(5-1)

16



Shear Stresses

[ Subject Code

( 20) Equations for Shear in Ultimate Limit State:

20 —a ) Nominal Ultimate Shear Strength :
q=Qu/(b.d) (constant depth) Eq(4-13)

(4-2-2-1-2)

and for variable depth : ( tan § < 0.33)
Qs =Qu/(b.d)
where:
( d increases & M decreases )
Qu=Qu £ (M,tan 8)/d Eq(4-14)

( d increases with M)

7 v . 2 Eq(4- 15
qumax=2.20 f“‘/y" kgjcm SBOkg/cmz q( )

Max = shear stress for reinforced concrete.

Goms =5,%2.20 1 /7, kg/om’

{ for combincd shear and torsion )
where :

S, =1/\1+(g./q.) Eq(4-16)
see equations for torsion.

(20 —b ) Shear Strength Resisted by Concrete : (4-2-2-1-3)
9o =075 1y. kglcm® Eq(4-18)
v

Max. Concrete shear strength (without reinforcement).

G, =06,.*075f./y. kglem’
where :
&, For section subjected to comp. ( P, )

5C=1+o.0077*:1

Or:
4 =6,*0.75\/ 1. /y. Kglem'

17
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Code

Where :
&, for section subjected to tens. ( py )

5 =1-0.002(P,/4,)

90 =6,0075) S ly.  kglem’
Or:
q, =00

In case of combined shear and torsion :

g, =130* O.?S,ffm ly. kglem'

in case of beams with ¢ <30 cm and in case of slabs and footings.

Note :
In the last case , sections must be designed to get g, < 0.5¢,,

(20 — C ) Shear Resisted by web Reinforcements in Beams:

ifqu> Qe { £4, e )
shear { web ) reinforcement should be used to resist Qs = qu—-qe /2 .

{20 - d ) web reinforcement in beams :

In case of using vertical stirrups only :
H=A4,156.8S=q,/(f,17.)

In case of using inclined stirrups or bent bars with an angle o« with the axis
of the beams : { <k 30°)

Agp = Qb . b .S/ (f,/7,) (Sinx +Cos o)
Where :

qsub = qu - qsus

[

Carried by inclined bars. Carried by vl. Stirrups.

And if «<=45°
Ay =4 DSIN2 £,17,)

Eq(4-20)

Eq(4-30)

(4-2-2 1-4)

Eq(4-21)

(4-2-2-1-5)

Eq(4-22)

Eq(4-23)

Eq(4-24)

Eq(4-25)

18
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In case of using one row of bent bars

A . Eq(4-26

2 = g (1, /7. (sin ) 1(4-26)
bd
On condition than
Qub <075 f.. 1y, kglcm® Eq(4-27)
(21) Equations for Shear in Working Stress Method :
(21 — a) Nominal shear stress : (5-4-1-2)
q=Q/(b.d) ( Constant depth ) Eq(5-6)
and for variable depth ( tan £ < 0.33)
q=Q:/(b.d)

depth increase & . M . decreases
where : Q;=Q ¢ (M tan f)/d Eq(5-7)
depth increases with the moment .

g <gq,fromtable (5-1) (5-4-1-3)
(21 —-b) Shear Stress Resisted by Concrete: (5-4-1-4)
qc fromtable (5-1).
ge = 0.0 in case of section subjected to tension force.
For section subjected to shear and torsion , q. is calculated using equation
{ 5-18 ) article ( 5 -5~ 5 - a } ( see torsion Equations )
{21 —c ) Shear Resisted by Web. Reinforcement : E g _: y } - 2 ;
1fq>qc
S QsTq-qe/2. Eq(5-8)
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{21 —d ) Web Reinforcement: (5-4-1-T)
1n case of using vi. Stirrups
Qs =Aq.f/b.S. Eq(5-9)
In case of using inclined stirrups or bent bars with an angle o« (ac< 30°)
gsb = Agp fs (sin c+cos ac)/(b.s) Eq(5-10)
where:
Gs = 9a + Qo Eq(5-11)
and if oc= 45"
qs =2 A, f,/(6S) Eq(5-12)

(22 ) Minimum Stirrups in Beams :

35
Hain = (546 /m)
5. d
0.15 % st(24/36)
but not less than
0.10 % defoned H.G.S

where :

Ag min = Hy, DS j

Spacing between stirrups.

d/2
S <
30cm

(4-2-2-1-6)

Eq(4-28)
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Torsion Stresses

Subject Code
{23 ) Ultimate Strength Limit State : Torsion : (4-2-3)
(23 - 1) Ult. Shear Strength due to Torsion : (4-2-3-2)
for rectangular section
Gu=3Mu /(b 1t) Eq(4-47)
for L, t and box — sections
Qu=3Ma/( ZHL) Eq(4-48)
with condition that t; effective > 3b;
Neglect torsion if (4-2-3-3)
Gu <021y, kglcm’ Eq(4-17)
| (23-b) Masimum Shear Strength for Sections Subjected to Shear and Torsion: (4-2-3-4)
Bonee = B0 2210 1 7. kg /cm®(shear) Eq(4-49b)
Grme =0, 22 1017, kg / em® (torsion) Eq(4-49a)
where :
5, =U1+(a,/9,) &&,=1/1+(q./q,) Eq(4-50)
qm=6,ﬂ*0‘75 j;;u/?c Eq(4—51b)
G = 0, * 075\ [0/ 7. Eq(4-51a)
Qi = 0.0 if the section is subjected to axial tension or if : ( 4-2-3-4 b)
Iu 22 Gy, (4-2-3-4 C)
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Qu/Qm|025] 0.5 | 1.0 [ 125|150 |1.75| 2.0 | 40
6, 1097|089 070 0625|055 05 | 045|024 0.0
d, [024|045|0.70|078 | 083|087 089|097 1.0

(23 — C) Reinforcement for Torsion :

if Grcu < 9 S Gr (raax)
Closed stirrups.

A, = 5(g, — G/ DB /P, X, £017.]

Where :
«,=0.66+0.33(Y,/ X,) <1.50

Noting That :

2A,,,+AS,_>_[ 3.50 ]b.S
fymf?’s

A:L = [ZAﬂr'(Xl + }G)IS] l:f}"’:l

¥

Where :

Ag = Long Rft.

Ay, = Area of one branch.

fy & = yield stirrup stress < 4000 kg/cm’ .
X =b-2 cover.

Y, =t-2.cover.

§ = Spacing between Stirrups.

20cm
<
(X)+Y()/4

rn

Table (4 -4)

(4-2-3-4-5)

Eq(4-522a)

Eq(4-52b)

Eq(4-52C)

Eq(4-53)

2
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(24) Shear Stress due to Torsion:

for Rectangular section q=3M/ (b .1)
for { L, T and Box ) sections:

q = BMI/(E baz ti)
with condition that:

t; effective < 3 b;

Neglect torsion if g, < 0.26 qc.

{24 —a ) Allowable Shear Stresses :
qc,qz fromtable (5-1)

q,=6,4, &q,<q,

q.e] =§.ﬂ 'qz &q S qs?.

where: &, &4,
see item( 23 —b)

q.=6, 4.
st: = 531‘ 'qc

g = 0.0 if section subjected to tension force or if

G > 2 G

{24 — b ) Reinforcement for Torsion :
fqe<qg: < qp

N CR WALLY LW
where :

ec,= 0.66+0.33(Y,/ X|) <1.50

A:L = [ZA:rr'(X| +Y|)/S]£
5

where :

For (Aar , fyse . X1, Y1,8),seeitem(23-C).

(5-5-2))
Eq(5-15)
Eq(5-16)

(5-5-3)

(5-54)

Eq(5-17a)

Eq(5-17b)

Eq(5-18a)

Eq(5-18b)
Eq(5-5-5b)

Eq(5-5-5¢)

(5-5-6)
Eq(5-19)

Eq(5-20)
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{ 25) Puncting Shear :
{25—a) L.S. Design Values :
Gup = Qup/ bo d

Where b, =

Perimeter of the critical section.

Punching shear resulting from moments transferred from flat slabs to
columns, should be taken into consideration according to article (6-2-6-7 )

Nominal concrete punching strength

Gop = [0.5 + ﬂ,/ fuly. kglem.
Gop SN a7 kg/cm’®

for slabs & footing , the punching shear must be resisted by concrete only
without any shear reinforcement ,

Qeap = Gup

(25 — b)) Working Stress Design Values :
qp = QP / bO d

Punching shear resulting from moments transferred from flat slabs to
columns , should be taken into consideration according to article ( 6-2-6-7 )

For slabs and footings, the punching shear must be resisted by concrete only
without any shear reinforcement ,

a
g, = [0.5+E}qq, <q,

where qcp =

Allowable punching shear fromtable (5-1).

(4-2-2-3)

Eq(4-31)

(4-2-23¢)

Eq(4-32)

Eq(4-33)

Eq(4-34)

(5-4-3)

Eq(5-13)

(5-4-33)

Eq(5-14)
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{26) Bearing :
(26 —a) Bearinp Strength :

Max. concrete bearing strength = 067 /u 4

Y.
if A;> A

.. max concretc bearing strength = 067 f. 4 ' %
Ye ]
where : ,/Az 14, £2.0

and A = loaded area.
A; = the biggest area that coincide and symm. With A,.

{26 —b ) Bearing Stress :

Allowable bearing strength = 0.3 £, A,
It Ay > Ay

Allowable beating strength = 0.3 £, A, 1#-:%'2—
Where : \f4,/ 4, £2.0

Ay and A, as given above.

(4-2-4)

(5-6)
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Flat Slabs
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{(27) Dimensioning of Flat Slab :

L=L'+L2

o = L,

15 cm
t> L /32 Exterior bay without drop.
L / 36 interior bay without drop .

15 em
t > L /36 Exterior bay with drop.
L / 40 interior bay with drop.

H/15 (h=floor height )}
b>< L/20 (L indirection considered )
30 cm

D <025L.

L s<h
3 2

ta=> 0251,

where :
t = thickness of Slabs .
b = width of columns.
D = ¢column head width.
tq = drop panel thickness.
S = drop panel width.

(6-2-6-2)

{28 ) Bending Moments in Flat Slab:
(28 — 3 ) Frame Analysis:

The bending moments may be determined by analyzing the structure as a
continuous frames.

{28 — b ) Empirical Method :
2
Long direction M, = ESLL{L, —2—12]

2
Short direction M, = KSL'—[L) ——}

o

(6-2-6-4)

(6-2-6-5)
Eq(6-18)
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(29 ) Distribution Factors for Moments in Flat Slab :
{29—1a) Frame Analysis :
Table (6 —4)
Type of moment Column strip Field Strip
-ve Internal span 75 % 25%
Moment External span 80 % 20 %
+ ve moment 55 % 45 %
e U
{29 —b) Empirical Method : % M,
Strip Edge Ext . panel Int . pancl Table (6 -5)
support
condition
M'VC M'.'VC M-V! M+V!
A* 40
_ Column B 30 30 45 25
. A 10
Field B 20 20 15 15
* A :case without beams .
** B :case with Edge Having thickness.
beams 2 3 times the slab thickness.
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{ 30 ) Moments on Columns in Flat Slab : (6-2-6-5H)

{ 30 — a ) Exterior Column :

M=090 M,, ( Column strip)
( Exterior panel )

{30 — b} Interior Column :
M=05 M, { Column strip )

( Interior panel )
(31)-veB.M. in Mid Spans of Flat Slabs : ( 6-2-6-5D)
In case of heavy live loads,
Col.Str.M,,=(g-§P)%(L,—-2—-3l—))z Eq(6-19a)
FieldStr.m,=(g-%P)%(L.—ZTD)’ Eq(6-19b)
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{32 } Moment Transfer from Flat Slab to Columns: (6-2-6-7)
l %m l }d?wmn
™ b i
i |z L Z
| —G ._c,u_
Y x i
I
mﬁg} 7w
I_*—s—' T
P11 be, X
Mr 1|
M
__F_..Y
My
D[ c
.8
#" i //
(%] % P
AT — —8
W G
Gd/2
M
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(32 —a} Interior Column :
M, = 0.5 M., ( column strip — interior panel ) in Y — dir .
M, = 0.5 M., (column strip — interior panel ) in X - dir .
v = 1 _ 1
Iy _——1+3 C.+d Ys 1+3 C,+d Eq(6-20)
3VC, +d 3VC, +d
Cy+3t C;+3¢
bey=smallesty C; +Y bex= smallest « C; +X Figure (6 -8)
L;/2 L/2
Mfy—rﬁ*'My fo':?'f:-Mx
Yo =1-74 Ya =17y Eq(6-21)
MSy = Yqy‘My Ms; =?’qu:
C +d C,+d
Cw = ]2 Cop= 22
Eq(6-22b)
qy=iM""C’”’ q,=iM"'C'"’ Eq(6-22a)
Jo -
Where :
J, = (C, +d)d’ N (C,+d)yd N d(C,+dXC,+d) Eq(6-23)
6 6 2
and :
j __(C2+d)d’+(C2+d)3d+d(C,+d)(C2+d)2
=T 6 6 2
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(32 —b ) Exterior Column :
0.5 . el . .
M, = TM.w(co]umnstnp—mtermrpancl)mY—dlr.
M, =0.90 M.,. (column strip - Exterior panel ) in X — dir .
/ o 1,2 [c+dr2 26
3y G, +d 3VC +d/2
Cy+3t Ci+1.5¢ .
b, ,= Least of be x= Least of. Fig (6-8)
+
G+ G C1+—{
2
(€, +d/2y C,+d
AB= C - 2
AC,+d/2)+(C, +4d) AD >
M_C
g, =12 =Ml Eq(6-22)
J, o
Where :

3
Jo,=(C,+d)dcjg+§d(cia+cgp)+w Eq(6-24)
and :
= (C,+d)d’ (e +dY'd N (C,+d/2(C, +d)d
. 12 12 2
7¢=1_yf
M=y, M.
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{32-C) Edge Column ;:
0.90 . . . .
M, = - M., { column strip — Exterior panel }in Y — dir .
0.90 . . . .
M, = 5 M., (column strip — Exterior panel } in X — dir .
_ 1 _ 1
s L2 [Crar 2 [CrdR
3VC,+d/2 3VC +d/2
Co+1.51 C,+1.5t1
bey= Least be x= Least Fig(6-8)
Cy+Cy/2
Ci+Cy/2
2
CAB= (C,+d/2) c - (C2+d/2)2
2 +d12+(C,+d12)] | Ca AC +d1D+(C,+dID)]
] 2
M_C
g, =% ,},.s xziﬁc_w Eq(6-22)
o J

Where :
(C,+d/2)yd d
J,=——
12
and :

¥ 3
jCrdd d

12 3
M,=y, M

yq:l_yf

M, =y,-M;.

cy

+; (Cp+C)+d Cy (C,+d/2)

(Cop +Cac)+d.C (C +d ) 2)
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Note : Code(6-2-6~17)
Check on moment transfer can be neglected in the following cases :

{ 1) interior Column :

In case of live Loads < 400 kg/m’.

When the adjacent spans are equal or differ by not more then 20 % .

(2) Exterior Column :

If there is a marginal beam having a total depth 2 3 times the Slab thickness .

If there is a cantilever part of slab, extending outside the face of the column by
a distance > % and loaded by the same loads of the slab.
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Short Cantilever
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(33 ) Short Cantilevers: (a < d) : (4-2-2-5)
Figure (4-9)
_Ag
.i.d
A+ Ar Eq(4-37a)
A, = bigger of
2
A+ 3 Ay
Eq(4-37b)
but not less than 003 fo bd
5
where :
A, = steel area required to resist M,
Eq(4-38)
M =Q.a+N (+A-d)
Eq(4-39)
4, =NIS,1r)
Eq(4-35)
A, =Q./u{f,/r.)
4 = 1.0 mondethic concrete joints
rough surface with roughiness
=0.75
depth =0.5em .
= 0.40 roughness depth < 0.5 cm .
or steel element fixed on concrete members.
Eg(4-40)

Ap =0.5 (A~ An)

to be arranged at i;:- d from top
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{34 ) Deep Beams : £ r Y (6-3-2)
e L
H 1 1
(34—a) Simple: — > 0.8 L
L Eq(6-29)
0.86 L
Yy = Smaller of
0.87H
. H
]34—b1Contmuous:T>0.4 K < x
+ ve momenis H
043L L
Y« = smaller of Eq(6-29b)
0.87H
- Ve moments Eq(6-29C
0.37L a )
Yo = Smaller of
0.87H
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Circular Beams

r=radius , n=no. of supports.
R = reaction ( load on each support ).
Qmax = maximum shearing force.

Subject Code
{35) Circular Beams :
P=2xrp. fons

n R Qmu M+vc M-ve M!oruion

4 P/4 P/8 0.0176 Pr | -0.0322 P.r | 0.0053 Pr

6 P/6 P/12 0.0075pr | -0.0148Pr | 0.0015Pr

8 P/8 P/16 0.0042 Pr | -0.0083 Pr | 0.0006 Pr

10 P/10 P/20 0.0032 Pr | -0.0052 Pr | 0.0004 P.r

12 P/12 P/24 0.0019Pr | -0.0037Pr | 0.0002 P.r
Where :
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Circular Plates
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{36 ) Intermal Forces in Circular Plates :

w = uniform load  /m’.

P = total load = wra?

a = radius .
3

D = flexural rigidity of the plate = E—2
12(1-07)

E = modulus of elasticity.

{ = thickness of the plate .

gﬁmaamazomaag Emaammma
[+ _ & o a

0.005 54!! 7T ‘5'!

~0.04 P -0.04 P
M (E)
\U
+0.083P -
-0.007 P -o.007 P +o.00sP
hwd @ +0.033 P +0.033 P
+0.023P I\.I.UJL—’JM.D
+0.083 P
0.150 P/a 0.169 P/o 0.759 P/a 0.169 P/a

I~ 1 g Ir— ]

& = Deflection.
M, = radial moment
M, = tangential moment

QQ; = radial shear.
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(37) Reactions of Once Indeterminate Frame :

©@ Iy @
K= (¢ 1,/m)
Iy (A L
N=2K+3
L
w tm
Hy,=H,=wL?/4hN
Y,=Y,=wL/2
F 3
H.=Hb=~5P.a.b/hLN
Pb Pa
Y=_’ Y=__
[ . AL PTTL
(.' H,=Hy, =-3m/2Nh
Y.=-Yb=M/L
M,=h /h
Pa
= H,=H,=—@GK(m:-1)-3
N . =H, 2Nh( (m{ -1 -3)
Yﬂ_P(L—a)’ 16,=££
L L
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( 38 ) Fixed End Moments and Elastic Reactions :

[ . b F.EM Elastic react

— L M, M, Y, Y,

w t/m wl? 0 wl’ wl

8 24 24

, w t/m wi? wl? wl® wl’
INEEEARREEENNAREN RN REN NN RN A ! E— F —27 24

w t/m wl 0 wl’ Twl’
M 15 45 360

w t/m wit WL Wl Twl’
M 20 30 45 360
5 - —a 65 350 T 587

L/4

w f"ﬁ",; LW oW wL’ _ WL
= i 75 ~ 900 350 ~ 587
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{39) Ultimate load Values : (3-2-1-1b)
DL+LLonly . U=14D+16L Eq(3-1)
LL<075D . U=15(D+L) Eq(3-2)
D.L + L.L + Lateral pressure { E ) :
U=14D+16(E+L)=14D+1.6L Eq(3-3)
D.L + L.L + E of liguids contains in closed members as tanks , ( 1.4 E ) is used in
equations (3.3) & (3.7 Y instead of (1.6 E ).
D.L + L.L+ Wind loads ( w }
U=(14D+16L+1.6w)0.8 Eq(3-4)
D.L + L.L + Seismic loads ( § )
U=(14D+16L+168)08 Eq(3-5)
> Eq(3—4)value.
In cases when D.L®increase the stability of the structure, or reduce the internal
stresses, the Ult . loads are replaced in equations ( 1,3,4,5 ) by the following Ult
i load factors respectively :
:U=09D+16L Eq(3-6)
'U=09D+16E Eq(3-7)
U=09D+13w Eq(3-8)
U=09D+ 138§ Eq(3-9)
The effect of temperature , settlements, creep , shrinkage (T ) is taken as follows:
U=08(14D+1.6L+14T) : Eq(3-10)
>14(D+T) Eq(3-11)
D.l. + L.L + dynamics load ( K)
U=14D+16L+16K Eq(3-12)
(40 ) Strength Reduction Factors { v, &7,): (3-2-1-2)
(40-aYU.L .S
In case of section subjected o axial and eccentric tension, or flexural , or shearing
force, or Bond , or torsional moments , bearing,
y. =135 , ¥, =1.15 Eq(3-15)
1n case of eccentric comp . (eft = 0.05)
y‘.=].75—0.5[§]21.5 Eq(3-16a)
y(=1.36-0.43[-?]21.15 Eq(3-16b)
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{ 40 - b ) Serviceability limit state :
in case of deflection , deformation and cracking :
v.=y,=10 Eq(3-17)
{ 41 ) Design of Section Considering Crack Control :
n=E;/E. =10 Eq(4 - 67)
Fu= T Foy 5 22 Eq(4 - 68)
where :
£, =0.75 (£, ) kg/em® . Eq(4-64)
N
j;f(N) = —‘Af
j;u(u) = +‘7{
n = factor depends on t,
Jon
1, =11+ 28 _
[ Ty Eq(4-69)

t = thickness of the section

t n value
<10 cm ' 1.00
=20cm 1.30
=40 cm 1.60
=260cm 1.70

Table (4 -106)
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d< rlu/ £2¥10°
where :

1' = Largest bar diameter used .
#, =100 Ayl Ag

Ay = area of concrete In tension zone .
f; = tensile steel stress resulting from working loads.
r = coefficient according to table (4 - 12)

{ 42 ) Conditions to be Satisfied for Crack Control ;

Steel type Part (1) Part ( IT) parts HI
w
Smooth 60 40 25
deformed bars 1290 80 50
f, < values given in tables ( 4 — 14 ) and (4 -15 )
f, is multiplied by 8., whenusingU.L.S.D. M
1 | I | m&v
1400 1.00 25 22 13
1200 0.84 28 28 19
1000 0.69 32 32 28

(4-3-2-3)

Eq(4-66)

Table (4—12)

Table (4 - 14)
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B.. I Il & IV
£
3652 | 40060 | ] { e -
> 2200 1.0 0.92 13 10 6
2000 0.93 0.83 i6 13 8 Table (4-15)
1800 0.85 0.75 25 19 10
1600 0.75 0.67 32 22 16
1400 0.65 0.58 - 28 2
1200 0.56 050 | - - 32

Table (4 — 13 ) given the minimum concrete cover ( 2 cf o USed )

All members except slabs | Walls and solid slabs
S <250 > 250 <250 > 250
I 20 1.50 1.50 1.00 Table (4 13)
1 2.5 2.0 20 1.50
1 3.0 2.5 25 2.0
v 40 3.5 35 3.0
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Api g Ry pa il Laglial sl aall Jalaa (V- £ ) g
ol Jeadd jsaad o) Saal) dpudiy g1, (5 9eell goludl) cila
hid 03l dga plical) adiball C,,, 7 d Juadl Gaall

Type of steel * Crax/ d Mo Roax
24735 0.50 8.56 * 107 £, 0.214
28/ 45 0.48 7.00 * 10° £, 0.206
36 /52 0.44 5.00 * 10° £, 0.194
40 /60 0.42 431 *10° £, 0.187
45/52 0.40 3.65*10° £, 0.180
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Type of steel * Coax/ d y7. Rinax
24 /35 0.40 6.85*10° f, 0.180
28 /45 0.38 5.58 % 107 fy 0.173
36/52 0.34 3.88 %107 £, 0.157
40/ 60 0.32 3.29 *10° f,, 0.150
45/52 0.30 2.74 * 10° £, 0.142
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Table {5)

x , 3 values for slabs resting on masonry walls and for two way ribbed slabs with complete

compression flange ( Marcus)

r 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
o 0.396 | 0.473 | 0.543 | 0.606 | 0.660 | 0.706 | 0.746 | 0.778 | 0.806 | 0.830 | 0.849
Jéj 0.396 | 0.333 | 0.262 | 0.212 | 0.172 | 0.140 | 0.113 | 0.093 | 0.077 | 0.063 | 0.053
Table (6)
o, f# Values for ribbed slab with non — complete compression flange, { cover slab
parrtially omitted, Grashofl)
r 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
¢ | 0.500 | 0.595 | 0.672 | 0.742 | 0.797 | 0.834 | 0.867 | 0.893 | 0.914 | 0.928 | 0.941
£ 10,500 | 0.405 | 0.328 | 0.258 | 0.203 | 0.166 | 0.133 | 0.107 | 0.086 | 0.72 | 0.059
Table (7 )
« . values for solid slabs cast monolithically with beams
r 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
o« | 035|040 | 045 | 0.50 | 0.55 | 0.60 | 0.65 | 0.70 | 0.75 | 0.80 | 0.85
B 0351|029 | 0.25 | 021 | 0.18 | 0.16 | 0.14 | 0.12 | 0.11 | .09 .08

Where : #=0.35/r"

& «=05r-0.15
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(Y-A) e, ds

Area & Weight of Steel Bars

2

o weight Area of cross section in cm
Mm | Kg/m i 2 3 4 5 6 7 | 8 9 10 11 12
6 | 0222 | 0283 [ 0565|0848 | 1.13 | 141 | 1.70 | 198 | 226 | 2.54 | 283 [ 3.01 [ 339
8 0.395 | 0503 | 1.01 | 1.51 | 201 | 251 | 3.02 | 352 | 402 | 452 | 503 | 553 | 6.03
10 | 0617 | 0785 | 1.57 | 236 | 3.14 | 393 { 471 | 550 | 628 | 7.07 | 7.85 | 864 [ 942
i3 042 | 133 | 265 | 3.98 [ 531 | 664 | 7.96 | 929 [ 10.62 | 1195 | 13.27 | 14.60 | 1593
le 1.578 | 201 | 4.02 | 6.03 | 804 | 10.05 | 12.06 | 14.07 | 16.08 | 18.10 | 20.11 | 2212 | 24.13
19 | 2226 | 2.84 | 567 | 851 | 1134 | 14.18 | 17.01 | 19.85 | 22.68 | 25.52 | 28.35 [ 31.19 | 34.02
2: | 2984 | 380 [ 760 | 11.40 | 1521 [ 19.01 [ 22.81 | 26.61 | 30.41 | 34.21 | 38.01 | 41.81 | 45.62
25 | 3853 | 491 | 982 | 1473 | 19.63 | 24.54 | 29.45 | 34.36 | 39.27 | 44.18 | 49.09 | 54.00 | 58.90
28 | 4834 | 6.16 | 12.32 | 18.47 | 24.63 | 30.79 | 36.95 | 43.10 | 49.26 | 55.42 | 61.58 | 67.73 | 73.89
32 | 6313 | 8.04 | 16.08 | 24.13 | 32.17 | 40.21 | 4825 | 56.30 | 64.34 | 72.38 | 80.42 | 88.47 | 96.5}
38 | 8903 [ 1134 [22.68 | 34.02 | 4536 | 56.71 | 68.05 | 79.39 | 90.73 | 102.1 | 113.4 [ 124.8 | 136.]
5 [ 0154 [0.19 | 0393 ] 059 | 0.79 | 098 | 118 | 137 | 1.57 | i.77 | 1.96 | 2.6 | 236
7 0302 [ 0385 077 [ 115 [ 154 | 192 17231 | 269 | 3.08 | 346 | 3.85 | 423 | 462
2 | 0888 [ .13 [ 226 | 339 | 452 | 565 | 6.79 | 792 | 9.05 | 10.18 | 11.31 | 12.44 | 13.57
| 13 ] 1208 | 154 | 308 | 462 6.16 | 7.70 | 924 [10.78 | 12.32 | 13.85 | 1539 | 1693 | 1847
18 | 1998 [ 254 | 500 | 763 | 10.i8 | 12.72 [115.27 | 17.81 | 20.36 | 22.90 [ 2545 | 27.99 | 30.54
| 20 | 2466 | 3.14 | 628 | 942 | 12.57 | 1571 | 18.85 | 21.99 | 25.13 | 28.27 | 31.42 | 34.56 | 37.70
24 | 3551 | 452 [ 9.05 | 13,57 | 18.10 | 22.62 | 27.14 | 31.67 | 36.19 | 40.72 | 45.24 | 49.76 | 54.29
26 | 4.168 | 531 | 10.62 | 15.93 | 21.24 | 26.55 | 31.86 | 37.17 | 42.47 [ 47.78 | 53.09 | 58.40 | 63.7)
| 30 | 5549 | 7407 | 14.14 | 21.21 | 28.27 | 35.34 | 42.41 | 49.48 | 56.55 | 63.62 | 70.69 | 77.75 | 84.82
34 [7.127 | 9.08 | 1816 | 27.24 | 3632 | 4540 | 54.48 | 63.55 | 72.63 | 8i.71 | 90.79 | 99.87 | 109.0
36 [ 7990 | 10.18 | 20.36 [ 30.54 | 40.72 [ 50.89 | 61.07 | 71.25 [ §1.43 | 916 | 101.8 | 112.0 | 122.1
(AN 2 ) calaal) £ LKAl (el a0 (¥ - A ) Jsa>
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Table (10)

Materials Required for Hollow block Slabs

Dimensions Materials required / m’ Dead Loads kg/m*
of Blocks N° of Block Concrete m” Conc. Blocks Leca Blocks
B (cm) lway | 2way | lway | 2way  lway | 2way | 1way | 2way
15*20* 50 10 8.4 O'OBJ 0.089 238 270 300 320 |
(15*20%40 | 104 8.7 0.075 | 0.096 240 284 303 336
20*20*40 | 104 8.7 0.083 | 0O.111 265 330 330 380
25*%20*40| 10 8 0.100 | 0.140 320 406 410 478

Weight of brick & block walls ( kg/m‘? , with 2 cm plaster on each

side

& mortar joint thickness = 1 cm)

T f unit Dimension Wall Weight of | Weight of
ype obunt (em) thick mortar/m’ wall/m’

| Solid Cone. Blocks | 25*12* 10 12 34 300.6

Solid Conc. Blocks y 1[25%12*10 25 90.15 533.4
TTollow Cone. Blocks | é 20%20% 12 12 145 244
Hollow Conc. Blocks 40 * 20 * 20 20 22 312
Solid Leca Blocks 25%12%6 12 47.68 248

[ Solid Leca Blocks | g 25*12%6 25 121.42 431
Hollow Leca Blocks | ¥ 5 [ 50*20* 12 12 18.13 180

" Hollow Leca Blocks | 3 50*25* 20 20 26.13 250
Hollow Leca Blocks [ 50 % 25% 20 25 37.8] 294
| Heavy Solid Sand = [ 25%12%6 12 47.68 316
| HeavySolidSand | h 4 | 25%12*6 25 121.42 568
| Light Solid Sand ] —~[50*20*10 10 15.13 183
Light Solid Sand 3 % 60*20%12 12 14.71 198

| Light Solid Sand T w [50%25*20 20 26.13 285
Light Solid Sand ~— |50 * 25 * 25 25 37.82 337
Solid Shale bricks | 25%12%6 12 47.68 301
Porforated Shale | 4, o "25%127%6 12 47.68 262
Perforated Shale | © ?[ 25+ 12%6 25 11742 436
Gypsum blocks _ 66.6*50*10 10 6 105
Gypsum blocks :g\ 1 33.3*50*8 8 6 78
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Table (11 )

Simple bending with compression reinforcement
Sfor all types af steel (According to table 4 — 1)

66

d /d=.05
o R=M.bd f.
| =0 o= (.1 x= (.2 «=0.3 a= 04 o= 0.5
0.04 0334 0335 0336 0336 0336 0336
0.05 0414 0415 0417 0418 0418 0419 |
0.06 0.0491 .0494 0497 0499 .0500 L0501
0.07 0567 0572 0576 0579 0582 0583
0.08 0641 0648 0654 0659 0662 0665
0.09 | 0714 0723 0731 0737 0742 0746
| 0.10 0785 0797 .0807 0815 0822 0827
| 0.11 0854 L0869 0881 0892 0901 0907
0.12 0922 0940 0955 0968 0979 0987
0.13 0987 1009 1027 1043 1056 1066
0.14 1051 1077 .1099 1118 1133 1145
015 1114 1144 1169 1191 1210 1224
0.16 1175 1209 1239 1264 1285 1302
0.17 4000 | .1234 1273 1307 1336 1361 | 1380
018  |3600 | .1291 1335 1374 1407 1435 | 11458
019 12800 | 1347 | 4000 | 1396 1440 1478 1509 1534
0.20 12400 | 1461 | 2600 | .1456 1505 1547 1582 1611 |
0.21 1453 | 2800 | .1515 | 4606 | .1569 1616 1655 | L1687 |
0.22 2400 | .1572 | 3600 | .1632 1684 1727 1763
0.23 1627 1693 1751 1799 | 1838
024 | 2800 | .1754 | 4000 | .1817 1870 1913
0.25 2400 | 1814 | 3600 | .1882 1940 11987 |
| 0.26 1872 1947 2610 {2061
0.27 2010 2079 | 2135
0.28 | 2800 [ .2073 | 4000 | 2147 2208
0.29 2400 | .2135 | 3600 | 2215 228]
0.30 ! 2196 2282 2353
0.31 2349 2425
| 032 2800 | 2415 2496
0.33 2480 2567
0.34 2400 | 2545 | 4000 | 2638
035 | 2609 2708
0.36 3600 | 2778
0.37 2847
[ 0.38 | 2916
039 | ] 2800 | 2985
0.40 | 3053
0.41 ] 240C | 3i20
A, = wbd Sy L M., - Gy = Py ———.
f, Ly Sobd” fall-)
As =x 4




Table (12)

Simple bending with compression reinforcement
Sor all types of steel (According to table 4 — 1)

d /d=0.1
|- R = @o/bd fo
@ «= 0 o= 0.1 = 0.2 «=03 | «=04 x=0.5 |
0.04 0334 0333 0332 0331 0329 0327
0.05 0414 0413 0413 0411 0410 0407
0.06 0.491 0491 0492 0491 0490 0488
0.07 0567 0569 0570 0570 0569 0568
0.08 0641 0644 0647 0648 0648 0647
0.09 0714 0719 0723 0726 0727 0726
| 0.10 0785 0792 0798 .0802 0804 0805 |
0.11 0854 0864 0872 0878 L0881 0883 |
0.12 0922 0934 .0945 ~ 1.0952 0958 .0961
0.13 0987 1003 1016 1026 11034 .1038
0.14 1051 1071 - 1087 1100 1109 1115
015 1114 1137 1156 1172 1184 1192
0.16 1175 1202 1225 1243 1258 1268
0.17 | 4000 | .1234 1265 1292 1314 1331 1343
[ 018 | 3600 [ .1291 1327 1358 1384 1404 1418
| 0.19 | 2800 | .1347 | 4000 | .1388 1424 1453 1476 1493
[ 020 | 2400 [ .1401 | 3600 | .1448 1488 1521 1547 1568
0.21 1453 | 2800 | 1505 | 4000 | .1551 1588 1619 1641 |
[ 0.22 2400 | .1562 | 3600 | .1613 1655 .1689 1715
0.23 1617 1673 1721 1759 1788
0.24 2800 | .1733 | 4000 | .1785 1828 1861
| 0.25 2400 | .1792 | 3600 | .1849 1897 1933
0.26 1849 1913 1964 2005
| 027 1975 2032 2076
0.28 2800 | 2037 | 4000 | .2099 2147
0.29 2400 | 2097 | 3600 | .2165 2218
0.30 2157 2230 2088
0.31 2295 2358
0.32 2800 | 2359 2477
0.33 2423 2496
0.34 2400 | 2486 | 4000 | 2564
0.35 2548 2632
0.36 3600 | 2700
0.37 e 2767
0.38 2834
0.39 2800 | 2900
0.40 2966
0.41 2400 | 3031
A —abdder B My I
‘ £ Al fubd T =)
As = A,
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Table (13 )

Simple bending with compression reinforcement
Jor all types of steel (According to table 4 — 2)

d /d=0.05
® R=M,/bd f.,
=0 x=1{.1 a=072 =03 = 0.4 a= (.5
0.04 0334 0335 0336 0336 0336 0336
| 005 0414 0415 0417 0418 0418 0419
0.06 0491 0494 0497 0499 0500 .0501
0.07 0567 0572 0576 0579 0582 0583
0.08 0641 0648 0654 0659 0662 0665
0.09 0714 0723 0731 0737 0742 0746
| 0.10 0785 0797 .0807 0815 0822 | .0827
0.11 0854 0869 0881 .0892 .0901 0907
[ 0.12 0922 10940 0955 0968 0979 L0987
0.13 | 4000 | .0987 _1009 1027 1043 .1056 1066
0.14 | 3600 | .1051 | 4000 | .1077 1099 1118 1133 1145
0.15 | 2800 | .1114 | 3600 | .1144 1169 1191 1210 1224
| 0.16 | 2400 | 1175 1209 | 4000 | .1239 1264 1285 1302
0.17 1234 | 2800 | .1273 | 3600 | .1307 1336 1361 1380
0.18 2400 | .1335 1374 | 4000 | .1407 1435 1458
0.19 1396 | 2800 | .1440 | 3600 | .1478 1509 1534
0.20 2400 | .1505 1547 1582 1611
0.21 1569 1616 | 4000 | .1655 1687
0.22 2800 | .1684 1727 1763
| 023 2400 | 1751 | 3600 | .1799 1838 |
0.24 1817 .1870 1913
0.25 1940 1987
0.26 2800 | 2010 | 4000 | 2061 |
0.27 2400 | 2079 | 3600 | 2135
0.28 2147 2208
0.29 2281
0.30 2353
0.31 2800 | 2425
0.32 2400 [ 2496
0.33 | 2567
A = wbd e = fﬁ’; " @ = M 7(—1&75
¥ cu™ * o
As” = A,
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Table ( 14 )
Simple bending with compression reinforcement
Jor all types of steel (According to table 4 — 2)

d/d=0.1
m | R=M_ /bF fu
o= () o= (.1 =012 x=03 =04 w=0.5
0.04 0334 .0333 0332 0331 0329 0327
0.05 0414 0413 0413 0411 0410 0407
0.06 0491 0491 0492 0491 .0490 0488
0.07 0567 0569 0570 0570 | .0569 0568
0.08 .0641 L0644 0647 0648 0648 0647
0.09 0714 0719 0723 0726 0727 0726
0.10 0785 0792 0798 L0802 .0804 L0805
0.11 .0854 0864 0872 0878 0881 0883
0.12 0922 0934 0945 0952 0958 0961
[ 0.13 | 4000 | .0987 1003 1016 .1026 .1034 .1038
0.14 [ 3600 | .1051 | 4000 | .1071 .1087 1100 1109 115
0.15 | 2800 | .1114 | 3600 | .1137 1156 1172 1184 1192
| 0.16 | 2400 | .1175 1202 | 4000 | .1225 .1243 1258 | 1268
0.17 2134 | 2800 | .1265 | 3600 | .1292 1314 1331 1343
0.18 2400 | 1327 1358 [ 4000 | .1384 1404 1418
0.19 1388 | 2800 | .1424 | 3600 | .1453 1476 1493
0.20 2400 | .1488 1521 1547 .1568
0.21 1551 .1588 | 4000 | .1619 1641
0.22 2800 | .1655 1689 1715
0.23 2400 | .1721 [ 3600 | .1759 .1788
0.24 1785 1828 1861
0.25 11897 11933
0.26 2800 | .1964 | 4000 | 2005
0.27 2400 | 2032 | 3600 | 2076
0.28 2099 2147
0.29 2218
0.30 2288
0.31 2800 | 2358
| 0.32 B 2400 | 2427
0.33 A [ 2496
A =wbdle. R=_M = J; .
A f.bd? ™ ful-x)
As” = 4
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CHART 1

Ultimate Limit Design Charts For Section

Subjected to Eccentric Force
k =_ Pu (uniformally distributed steel)

—— 0.8

.

fy=2400 kg/em2

— 0.7

[ -0.9

Y4
Ag/l oP .
u -~ e 6Ff o
M \T Lt
[ - P fcu 1073 £ L3 % € ‘
As(toca_n" ® bt <t {" .:T.: c:.‘ — — %
. ‘ N.'A'. =
L [ ] A
+Thy
b
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CHART 2

Ultimate Limit Design Chart for Sections

Subjected to Eccentric force
(uniformally Distributed Steel)

k = Tp S
cu t
0.8 — =T ] 0.8
‘ ! <
)‘f\ . N fy=2800 kg/cm2

{-0.9

o
o

o
)

ST S 4;_,_.AIA e,
o
:\]

i M ¢
H =P f:'u 107° ‘ L
o T
As(l:oca.l}- K bt ( t t ‘7-".' o~ ‘?._
A N.A.




CHART 3

Ultimate Limit Design Chart for Sections

Subjected to Eccentric Forces
(Unifomally Distributed Steel)

Pu
k -ECU t
0.9 ————=—= ; ‘ B 10.9

fy*3600 kg/cm2
— 0.8

{ «0.8

0.7

SR
AR \\

0.3 - o 0.3
0.2 ‘ 1 %% 0.2
)] ] R
R A B B Y T
0.1 e+ 3801
/7]
! ‘ f
0 0.05 0.1 0.15 0.2 0.25 0.3
kx & . H“
f., bl
A-,H.YIP o438
K = p F. 10°° Ve t S~
S =
Agicocar = H D £ (t it s L <
“UNaA T
LX)
+- by
5
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CHART 4

Ultimate Limit Design Chart for Sections
Subjected to Eccentric force

0.7

Py (Uniformally Distributed Steel)
k B cu t

0 —, & A A 08¢
'] . 3 y
7 S ty=4000 kg/cm2
I N S -0 , 10.8

O- 8 I_- ’& :r: \ H? , B ",- I.o.g
;:, \ &' ’ l‘ J {&f"‘ ; Fd _

07 N "

Y
\ o ,aJ,Té?
bRt 207 Qi i
Ay icoran= B b £ xR
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CHART 5

Ulitmate Limit Design Charts for Section

Subjected to Eccentric Force
Py {Uniformally Distributed Steel)

fy=2400 kg/cm2 — 0.7

froe

M Te
o= p fcu 10_5 - e
Ag(totany = M b ¢ (t}l' ] ‘%
N.A,
NAslt
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CHART 6

Ultimate Limit Design Charts For Section

Subjected to Eccentric Force
(Uniformally Distributed Steel)

Wo=p £, 107

s{total) =

H bt

- 0.8

0.7

0.6

0.5

0.4

0.3

0.2
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CHART 7

Ultimate Limit Design Charts For Section

Subjected to Eccentric Force
{Uniformally Distributed steel)

Py
- - 0.9
J’g L i ——
fy=3600 kg/cm2 0.8
'. {-0-8 .
s e 0.7

¥

p
Mo =
“-pfculo_s (l tl 4 |
U bt HNA

As( total) =
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CHART 8

Ultimate Limit Design Charts For Section
Subjected to Eccentric Force
Py {Unitormally Distributed Steel)

I R
|

i

x Mo
x —_ -
€t F,bt?
O'G_chu
14, #’3
Ho=p f, 207° My ’s LBc
P
Ag(totaly = H b ¢t (t Et 4 R
b sk
2
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CHART 9
Uitimate Limit Design Chart For Sections
Subjected To Eccentric Force

fy=2400 Kg/cm? f=9
R/(tcu b.t)

o =0.6

0.15 0.2
M/( fcu b.t2)
“

e

K»T =

—~

b =P Ly 107 ‘m 1 .e %
A,-pbe Ll N*A'-Jr—il-
Ag = A - —
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CHART 10

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=2400 Kg/cm? §=.9 «=0.8

F:/(fcu bt)

k -
0.7

0 0.05 0.1 0.15 0.2 0.25

e
K “? = MJ( fcu b t2)

K =-p £, 103

- Ay=pbt
A;-‘-‘NAs‘
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CHART 11

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force.
fy=2400 kg/cm? 2=.9 =10

El(fcu b t)

0.8

05

0.15
M/{ fcu b t2)
“

p -p £, 1073

A -A,=-pbt
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CHART 12

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force.
fy=2800 kg/cm?2 f=9 5=0.6

lz/(fcu bt}
i
|

0.15 0.2

K. g_z M/( feu b t2)

B =-p £, 105
A,=-pbt

/4_': = D(As
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CHART 13

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force.
fy=2800 kg/cm? fe.9 «=0.8

K P/(fcu b t)
0. r

0.7

0 0.05 0.1 0.15 0.2 0.25 0.3
Kk . =M/{ feu b t2)
t “ 0.674n,

) A\s‘ pu ) 15C
B p £, 1073 1 ¢ T J
- d (&
.CU t 'l - :;;L
A,-pbt .N.A._._._.....__.l.

Asn-‘- < As = — T

91



CHART 14
Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force.
Fy=2800 kg/cm?2 {9 a=1.0

K =P/(fcu b t)
0.8; :

0.8

o

{

: "o
i O
| «
1

0.7 0.7

ST R—

0.1 0.15 0.2 0.25 0.3

€ - M/( fcu b t2)
t 73

B =-p ., 1073

A=A =-ubt

F
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CHART 15
Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=3600 kg/cm? (=9 o*0.6

K= Pf{tcu b t)
0.9 — :

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
k£ - M/( fcu b t?)

t
0674
RL E‘L
bo-p £, 10° =N
tyit _ ::L “
A,=-pbt NAL [T
A_f;\: D(/q.s — —* T,
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CHART 16
Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=3600 kg/cm? £n.9 «x=0.8

K P/{fcu b t)
0 —

9 .
& | o

3

0.9

0.8

\\}} fi?
\\ q}“
b h

0.8

0.7

.
x
h

— 0.7

0.6

0.6

0.5

-1 0.5

0.4

0.4

)

0.3

0.3

0.2

— 0.2

(A

0.1

0.05 0.1

e
k.t

0.15 0.2
=M/( feu b t2)

0.25

0.3

4y =-p £, 1073
A, ~pbt

A;:"'CAS

t[ it

o
0.35
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CHART 17

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
Fy=3600 kg/cm? f=9 x=1.0

K = Iz/(fcu b t)

1

0.9

0.8

0.7

0.6

—loes

0.5

0.4

0.3

0.2

0.9

-1 0.8

0.7

-1 0.5
-1 0.4
| 0.3
-1 0.2

0.1

0

0 005 041 015 02 025 03 035 04

4
K T = M/( fou b t2)

A=A, -pbt

0671
A\s‘rp” B
T T
=2
WSS
] S

+ rriv Ie
- f 10-°
TP e t !tj .
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CHART 18

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=4000 kg/cm? f-.g 4=0.8
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CHART 19
Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
Fy=4000 kg/cm? {=9 8=1.0

"J

k x e - MLI
e
B fo b7 0567 10,
A\S'p“ | T
b= p fou 1070 M « 217
A, =Ubt i - E 5
‘ Ll na ! |
/ T
Ag (IAS B Ts
bt




CHART 20

Uttimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=2400 Kg/cm2 { «0.8

x=0.6

——-— 0.6

- 0.5

- 0.4

0.3

A‘s

0.2
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CHART 21

Ultimate Limit Design Chart For Sections

Subjected To Eccentric Force
o=0.8

p, fy=2400 Kg/em2  3-0.8

B o=~p f., 107°

A, ~U bt

s = . (lft
AS-aA.g .

057 ¢
A‘SPPU B¢
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CHART 22

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
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CHART 23
Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
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CHART 24

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force.
fy=2800 kg/cm? {8 % =0.8
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CHART 25

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force.
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CHART 26

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
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CHART 27

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
Dy fy=3600 kg/cm2 {=0.8 6=0.8
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CHART 28

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=3600 kg/cm2  =0.8 & =10
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CHART 29

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=4000 kg/cm2 (=8 ol «0.6
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CHART 30

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
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CHART 31

Ultimate Limit Design Chart For Sections
Subjected To Eccentric Force
fy=4000 kg/cm2 T:o.s o =1.0
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CHART 32

Ultimate Limit Design Chart for Sections

Subjected to Eccentric Fo-ce
Py {Steel Parallel ¢ Moment Direc-ion)
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CHART 33

Ultimate Limit Design Chart for Sections

Subjected to Eccentric Force
(Steel Paratlel to Moment Direction)
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CHART 34

Ultimate Limit Design Chart for Sections

Subjected to Eccentric Force
(Steel Parallel to Moment Diraection)
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CHART 35

Interaction Diagrams For
Circular Sections

Pu/(icu Rz)
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CHART 36
Interaction Diagrams For
Circular Sections
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Interaction Diagrams For
Circular Sections
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) Pu/(icu R’ )

CHART 38

Interaction Diagrams For
Circular Sections
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