DESIGN AIDS

AND EXAMPLES

In Accordance with
The Egyptian Code for Design and
Construction of Concrete Structures ECCS 203-2001

Limit States Design Method of Concrete Structures
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1-MATERIAL STRENGTH AND STRESS - STRAIN
RELATIONSHIPS

1.1- Introduction

The Egyptian code of 1969 for design and construction of reinforced concrete
structures was based solely on the working stress design method.

The pioneers who initiated the first edition of the Egyptian code worked out
limits which suits adequately local conditions and design procedures which cope
successfully with the more developed methods adopted by some other codes not only
in that era but also for a long duration aﬁEr.thax.

The Egyptian code of 1989, 1995 and 2001 incorporates mainly the limit state
design method for reinforced concrete structures. It emphasizes not only the strength
but also the serviceability limit states chapters (3) and (4). Working stress design
method chapter (5) is also concisely presented in the code as for a transition period.

Also main considerations have been given in this code and its revisions to
cover local conditions, practices, quality control, materials and industries. Basic

material strengths covered in the ECCS 203-2001 revision include the following:

1.2 Types and Grades of Reinforcement Bars

The types of steel permitted for use as reinforcement bars clause (2.2.5) of the
code and their characteristic strength table 2.4 (specified minimum yield stress or 0.2

percent proof stress) are as follows:
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Mechanical properties of steel reinforcement

Type of Steel Egyptian Yield strength
Standard or 0.2% proof stress
(N/mm?)

1-Mild steel (plain bars)(¢) 1988/262
240/350 240
280/450 280
II-High strength steel 1988/262
[360/520] (Hot rolled deformed bars) ¢b 360
[400/600] (Cold-worked deformed bars) @ 400
ITI-Hard drawn steel welded wire Fabric # 1988/262
plain, deformed or indented cold drawn to 1990/1618
be of grade 450/520

450"

* Clause 4.2.1.1 of the ECCS 203-2001 limits this value to 300 N/mm? and 400

N/mm? for plain and deformed or indented wires respectively.

The characteristic yield or 0.20% proof stress is the value of yield stress below
which not more than 5% of the test material may be expected to fail. ECCS 203-2001
clause (2.2.5) and Table (2.4) present the mechanical properties for locally produced

steel reinforcement.

Taking the above values into consideration most of the design charts and tables

have been prepared for the four grades of steel reinforcement, having characteristic
strength f equal to 240 N/mm? , 280 N/mm?, 360 N/mm2 and 400 N/mm?,
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1.3 Grades of Concrete

The following grades of concrete can be used for reinforced concrete work as

presented in the ECCS 203- 2001 clause (2.3.2) and tables (2.14) and (5-1):
f.,: 18,20,25,30,35,40 and 45 .

The number in the grade designation refers to the characteristic strength f, in
N/mm®. The characteristic strength being defined as the compressive strength of
cubes with 150 mm side length at the age of 28 days below which no more than five

percent of the test results are expected to fail.

The code clause (2.5.2) states that the concrete grade f., should not be less than
18 N/mm  for reinforced concrete members when using working stress method and 15
_ N/mm? for plain concrete works. In addition clause (3.1.1) states that f., should not be

less than 20 N/mm® when using limit strength design method.

1.4- Stress — Strain Relationship for concrete

The code permits the use of any appropriate curve for the relationship between
the compressive stress and the strain distribution in concrete, subject to the condition
that it results in the prediction of strength substantial agreement with test results
mentioned in clause (4.2.1.1) of the code. An acceptable stress — strain curve given in
fig. (4-2) of the code will form the basis for the design aids. The compressive strength
of concrete in the structure is assumed to be 0.67 f., with a value of 1.5 for the partial
safety factor y. for concrete clause (3.2.1.2) and equation (3.15-a) of the code. The
maximum compressive stress in concrete for design purpose is 0.446 f... For eccentric

compression equation (3.16.a) of the code gives . equal to:

where 4 =0.05
t
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Figure (1-1) Idealized short-term characteristic and design concrete stress-strain curves.

1.5- Stress — Strain Relationship for Steel Reinforcement

The idealized stress — strain curve given in Figure (4.1) of the code which is
reproduced in Figure (2-1) will form the basis for this design aids.

For mild steel and high yield hot rolled or cold formed steel, the stress is
proportional to the strain up to the yield point or the 0.2% proof stress and thereafter
the strain increases at constant stress, Figure (2-1).

The design yield stress (or 0.2 percent proof stress) of steel reinforcement is
equal to (f/y,), where a value of 1.15 is assumed for the partial safety factor v;. Thus
design stress (f,/y,) becomes equal to 0.87 f,. Furthermore, the stress - strain

relationship for steel in tension and compression is assumed to be the same.

-
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For section subjected to eccentric compression forces, Equation (3-16-b) in the code

gives v, equal to

hens = > 0,05
i

The modulus of elasticity of steel E, is taken as 200000 N/mm® for all types of
reinforcing steel as stated in the ECCS 203-2001 clause (4.2. 1).
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Figure 2-1 Idealized and design stress-strain curves for steel reinforcement.
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2. FLEXURAL MEMBERS

2.1-General Considerations:

All members subject to flexure must be designed to satisfy strength
requirements and the serviceability requirements of deflection and crack control.
For basic design assumptions, refer to chapter four in the ECCS 203-2001.

The ultimate limit flexure strength of cross-section (Myitimate 1imir) Must be equal to
or greater than the required strength (M,). Where M, = Load factor . Mying.(s6€
chapter three in the code).

For design and investigation of sections subjected to simple bending, the strength
reduction factor for concrete is (y,=1.5) and for steel is (y,=1.15).

2.2-Sections Subject to Simple Bending with Tension RFT. only:
2.2.1) Rectangular Sections
This includes beams, Slabs and T-sectlons with (a S t,):

For the design of rectangular sections (beams and slabs) and T-section with (a < t,)
with tension reinforcement only, the conditions of equilibrium are:

, B : ﬂ'g?iw_:h
r 1 C
A, r.T af . m—— 7 5 C
- , Hmhlnl /ﬁ (-
Axis ol v 1 Neutral
t| W tl | Axin
A A, T i Ay T
5 b
The force equilibrium:
f
T=C or A, -X=067 -fiﬂ.h'
Y: Te

where, b’ = (b)web for R —sec.
= (B) flange for T —sec.

= unit width for slabs
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f
a= A, —L——li—-— ............................................................ code eqn.(4 —2)
s 0.67-= 1"
Te
a_Asf vy _mrfy
2d bdy, 1341, 134y f,
where, 1= i
b.d
The moment equilibrium;
a a .
M“={anC).fd-E}=&l—{d-a2—} .................................... v Code egn.(4 - 1)
Tg .
f f
M. =A, 2d(1-1)=A,d SYo-Ahr,
i Y, 134y, f

Mo AL B 5% La-s b

bd: hd Tl 1'34 T;E “?l 1'34?1 fcu
Forsimple bending:y, =1.5& vy, =1.15

M, L f,
Ri=—tmp—L(1-09730—1L) ..ciimiiincienimsnimsssssssssonions w (4=1-2a

2.2.2) T-section with a>t,

B 0.67fu/ve
17 /%/////%////////' TES -
T

It is assumed that a > t, and the part of the web below the flange which is subjected
to mmpresswe stress can be neglccted then:

M, = ﬂ.«ﬁ?—“‘B.t.(dHE‘] = A.—’(d—z;-} .................................... code eqn.(4 - §)
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Ultimate Limit Design Charts for Simple Bending

M, :
R =pa
A, =pbd =11
7
bt e
C1
d=C, My - l
fu"b _'\\\ . ,.-*'/
. = -_ - = =1
Assume: Cl = 3-4  (for Beams) . — —
= 4=5  (for Slabs) N L
‘M L N
i, W .
f,.d.j ..._:’A" I I -
CHART (2-4)
c RI
M,‘ Mn l : ol i
dﬂcl f__b or R| = fm.b.dl Cl! n ‘\ 5 Y :
f_bd = -
A' ° f" :-:'f:“‘ ----- ”n_m---- peprr
CHART (2-5) |
M, S ’.
R, 6= b’ :
TRERSEYY iE===Ca
hl =M.bd E- -,‘:l e l -----------
v=i..f,
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2.3-Design aids for flexure in the form of charts and tables

i) Charts (2-1) and (2-2) R,
|
Recalling Equation No. (4-1-a) . z;f T T
M, fr ! D% i
R, = = =0, t ===
“pa? HLas A J £
M Itl- -'E L i - e L L] - II“
Thus, R, = = dul is a function of u,f,and f,,.
For given valuesof f, and f, curves can be developed for u versus R
The same relation can also be expressedin table format
ii) Chart (2-3)
Design chart (C) represents equation (4-1) in the following alternative form:;
8 :
d=C, M, & A,= M".“ ' "\\\ 7 J/.-"/
f.b f,.jd N =
| s R{F
gy —
jm—t— a1 L L | w1 Ly
Af,d  Afd y, 2
| c
ie e 4 L e e e A e Py PR AR L ALy 4-1-b
=3 (1-04) ( )
and C|=d,jt;:_‘l'b=df ffw-b ~1/ fﬂﬁ?%{luu}
. Vi}.ﬁ?—‘a‘-‘-ab(du—] Te
Ye
5 = ¢ C
ie. C, =1 I-J{}.JSHE(I—GAE] SRR ¢ Py s

Where C, and j are functions of ¢/d (a=0.80¢)

For different values of ¢/d calculate C1 & j values and thus design chart (C) can be
easily drawn.

Assume: Cl equal to [3- 4 (for beams)] and [4 - 5 (for slabs)]
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1if) Chart (2-4)

One curve for all concrete grades and types of steel can be developed as follows:

f M o
Asmmew=p-L & R =———=—(1-09730) .crrrvcriincrreaninns (4-1-4d)
e &Ry )
Design chart (C) gives one single curve for T Rl -
: 1 & _'_._,..,.-c"' =
R,iﬂdCl--—,vemmm,where AN 1T =K1
VR, . Sz 3
% = ] .
M f wi—p=<] o
e L] = m—== o -~
e e Sl li VI LU L LIS
iv) Chart (2-5)
Equation No. (4 -1-a) gives o mm
R M, : function of p,f, &f '
o= oy 82 ction of p,f, &f_ F
[ .
For given values of f,, & f, a curve can be s '[
--‘---.‘H_;'E-Hllllllllll"

' developed for. (v = ., ) versus R,=+:-‘&*g-

Alternatively a computer program using the pervious equations for the design of
flexure members can be developed.
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2.4- Modes of Failure

2.4.1- Brittle failure

In this case the concrete on compression side reaches the maximum
compressive strain before the reinforcement reaches its yield strain.

at failure = f, <f, = ¢.=0.003

2.4.2- Balanced section:

ZREIES

[ a %
i ERIE .

i O 150

— yrywy

Balanced section is the section at which the concrete on compression side
reaches its ultimate strain (g, = 0.003) at the same time when the steel in tension
side reaches its yield strain (g, = f,/y,/E,). This condition gives the position of the
neutral axis as follows:

(E) e B 0.003 ___ 600
d Jociomet € t€, 000341 [y IE,  600+f,1y,

2.4.3- Ductile failure

This mode of: failure occurs when the reinforcement reaches its yield strain before
the concrete at compression side reaches the maximum compressive strain.

at failure = f, =f,=> e, <0.003
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2.5~ Maximum ultimate moment using tension steel only and maximum RFT:

To avoid brittle failure the code states that:
c c
- =0.67(—

So, the maximum ultimate limit moment of singly reinforced rectangular section is
found from the following equations:

T "_4‘.'_ - ﬁ,ﬁ?iﬁhi - ﬂ_ﬁjﬁf&.hi‘;
bd ¥ £ d y. E
M

R, =—= D.Sjﬁi“—-{l - ;}‘4&}
f;-bd: d d
L

M’y max. = max. ultimate limit moment of singly reinforced rectangular sec.

Maximum values for [¢/d, p, R, ®, R, and C,]

| c/d
S;g'; Balanced n?ai Rimax. Hmax Omax. Rimax. | Cimin.

240/350 | 0.742 050 | 0214 |856x10"f, | 0204 | 0.142 | 2.651

280/450 | 0.711 048 | 0206 | 7.00x10"f, | 0.196 | 0.138 | 2.693

360/520 | 0.657 | 0.44 | 0.194 |500x10”f, | 0.180 | 0.129 | 2.780
400/600 | 0633 [ 0.42 | 0.187 [ 4.31x 10" fy | 0.172 | 0.124 | 2.830

450/520 | 0.605 040 | 0180 | 3.65%x10°f, | 0.164 | 0.120 | 2.890

Maximum values for [¢/d, p, R, ®, R; and C,] (Moment redistribution +10%)

Steel c/d c/d R "
type Balanced | max. Remax Hmax. WDmax. 1 max, 1 min,

240/350 | 0.597 040 | 0.180 |685x10"f. | 0.164 | 0.120 | 2.887

280/450 | 0.587 038 | 0173 | 558x10"f, | 0.156 | 0.115 | 2.940

360/520 | 0.507 0.34 | 0.157 | 388x10"f. | 0.139 | 0.105 | 3.090

400/600 | 0.477 ﬂ?32 0.150 | 3.29x107fy | 0.132 | 0.100 | 3.160

450/520 | 0.447 0.30 | 0142 [274x10™f, | 0.124 | 0,095 | 3.250

ECCS 203- 2001 Design Aids Flexural Members
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Maximum values for [ji,,, (%)] for the different f., (N/mm’) values

Steal type 20 25 30 35 40
240/350 1.712 2.14 2.568 2996 | 3.424 |
280/450 1.40 1.75 2.10 245 2.80
360/520 1.00 1.25 1.50 1.75 2.00
400/600 0.862 1.0775 1.293 1.5085 | 1.724 |
450/520 0.73 0.9125 1.095 12775 | 146

Maximum values for [jmas. (%)] for the different £, (N/'mm?®) values (Moment
redistribution + 10%)

Steel type 20 25 30 35 40
240/350 | 1.37 1.7125 2.055 2.3975 2.74
280/450 1.116 1.395 1,674 1.953 2.232
360/520 0.776 0.97 1,164 1,358 1.552
400/600 0.658 0.8225 0.987 1.1515 1.318
450/520 0.548 0.685 0.822 0.959 1.096

2.6- Design of Doubly Reinforced Sections Subjected to Simple Bending

According to clause (4-2-1-2) of the code when p,,, and R, are reached
the max. ultimate moment of the section can be increased by using steel rft. In the
COMPression zone,

For a given moment M, greater than the maximum moment of singly reinforced
section Myqma., then add steel area A, at both compression and tension side, thus:

0.67fcuYe
d’| A, s 0
— Fis Sl A ey ':‘
T e —1 | = :l:ﬂ
I E;://"‘; ¢ d | L
e la 7% 1 1
—_ ——y Aq T;.
—
b
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0.67fcuYe
d’| A, s 0
— Fis Sl A ey ':‘
T e —1 | = :l:ﬂ
I E;://"‘; ¢ d | L
e la 7% 1 1
—_ ——y Aq T;.
—
b
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aM=4 2 @d-a)

¥

A=p b.d+ A’

But not less than 0,25% b.d for st 240/350
& 0.15% b.d for st 360/520
and in T-section, the value of b is for the web,

Note that this realtion assumes that compression reinforcement is yielded.
Refer to code sections 4.2.1.2.d for applicable conditions

2.6.1-General notes for sections subjected to simple bending:

The min. rft. must be checked as As wn. = The least of [.:‘.:_I‘h_d] or [L.3A, . ]

The ratio (a/d) used in calculating M, must not be less than (0.10).

If not, (i ) must be replaced by the actual f, < f"
7, .
& M =M, +AM
® fm 2 * -'r}' i
M, =R = . b.d st SRl (s R A code eqn.(4 - 6)
Y ¥

f f
& A, = ﬂ-ﬁ?ﬂm ; fl‘-{‘—'-+ A,‘—r- ................... e b code eqn(4-17)

Yy Y. Y

f, 240 280 360 400
: -
- 0.46% b.d 0.40% b.d 031%bd | 0275% b.d
[}
3 ?
i 2
4 = 1.30 Asreq 1.30 Aseeq 1.30 Asreq 1.30 ASreq
“;’; :l“ 0.25% b.d 0.25% b.d 0.15% b.d 0.15% b.d
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2.7- Sections subjected to eccentric tensile force:

T = £ — d
A g T
e
t d
i ) [ -
T
Adt _If“ ' i

Axial tension or eccentric tension acting between steel rft. (e < t/2-cover)

The force is carried by steel reinforcement only: (e < d_: J

i —Calculate ¢ --'!;J'-

W

it — Caculate e,=t/2-e-cover
e,=t/2+e—-cover

iii = Calculate A, =[-—I"—-E'3—]/[£f—] & &:=[ﬁ-)/[-{’—J
e, +e, ¥, e, +e,, Y,

ECCS 203- 2001 Design Aids Flexural Members
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2.8- Solved Examples for Sections Subjected to Flexure
Using Design Charts

Example 1:

Design using chart (2-4):

Given:

M,= 300 kN.m,  b=300 mm, f,, =25 N/mm?, £, =360 N/mm’

Assume Ci=3 (for beamns)
dm=C |
fub
&
PETTI Loicd AT
25x 300
MI
¥ b
300x10°
= =0.1111
R 25 % 300 x 600°

from chart (2—4)use R, to get @ = 0.15

@=0.15= ,u:{'— = Fi:_g? = 14.4y

Sou
F=Eif-‘=n,mq}4=ﬁ;. i BE
14.4 bd  300x600

A, =1875mm* =18.75cm’
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= Sl frere s -
00 ; i
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Example 2:
Redesign example(1) using chart (2-3);

Given;

M=300kN.m,  b=2300mm, f,=N/mm’ f,=360 N/mm?

Assume C;=3 (for beams)

d=C, JL
Teuit
‘30‘[}!105
d=3x [——— =
b4 552300 600mm

JSrom chart (2-3) get j=0.743

__M, _  300x10°
*Jf,d  0.743x360x600

A, =1870mm* = 18.70cm?

ECCS 203- 2001 Design Aids Flexural Members
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Example 3:
Redesign example(1) using charts (2-1 and 2-2):

Given:

M,= 300 kN.m, b =300 mm, f., =25 MPa, f, =360 MPa,

Assume, d=600mm
M,
b=
~ 300x10°

e 277778 N/mm’
X

from chart (2—1) = p =1.038

A =%x30[}x 600 = 1868mm* = 18.68cm?®

]

RU
6.0 ] - | | s i ; [
1 ™ feu=40 Mimm i
6.0 4— B gy table (4-1) W i | '___/, i 40'
E L B tabla {4"2} . r} founih
[ fu=35
4.0 : 1 j : tru'?;. =
i Tou=30 |
fou=25
] fy=360 mﬂil'l! fous?h
3.0 — e S -
2.0
fy=240 Nimart |
1.0 "".,-// i .
i B lmin I
0.0 4 .‘L. ’ N ST ST E—— U
0.0 0.4 0.8 1.2 148 2.0 .4 2.8 3.2

ECCS 203- 2001 Design Aids
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Example 4;

Redesign example(1) using the first principles

Given:

M,= 300 kN.m, b =300 mm, f, =25 MPa, f, =360 MPa,

Assume, f,= £y, and d=600mm

* The force equilibrium:

f f
T=C = A, +=067-=ab
s Y.
f, 1
a= A, L =0.093446A,
Ty 0.67-p
Y.
2 DONUNEAS _ o ostixi0Pk, ...

2d 2x 600

* The moment equilibrium:

a f a
M =T.(d-=)=A_ -{d-=
b ( ZJ | 2}

¥, 2d

From eguations No. (1&2)

M, = A_df—’[l =(7.7871x107 4,)]

¥

...........................................

ECCS 203- 2001 Design Aids
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300x10° = 187826.0874, —14.62624,”
- 14.62624,> —187826.0874, +300x10° =0
As =1869mm* = 18.69cm’

a=0.0934464, = 0.093446 x 1869 = 174.65mm > 0.1d = 60mm

em -2 =21831mm
0.8

{25 21831 =0.364 [EM_ = 0.44) ...... ductile failure
d 600 d
* Check for A, ;..

A, =Theleastof {1?']-..':-.#] or [1.34,.]
7 .

if:!.b.d=5summ* & 134, =2429.7mm’

A min=550 mm*

But not less than 0.15% b.d = 270 mm®
. Agmin, = 550 mm®

" Ay gasign = 1869 mm’ = 18.69 cm’
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Example 5:

(iiven: M, = 600 kN.m
t =650mm b =300mm d=600mm
fou =25 N/mm’ f, =360 N/mm’ d’=50mm
0.67fu/v- £:~0.003
| s
TEE T TS w7
| ¥ % i Ci
| Vo el °| K
d ‘ B - \ N N ) §
b £y
] —=
Design:
M . i
d=C, -ﬁ — C;=2.01 (use compression reinforcement)
/)

Mﬂ‘lll. =Rm.£‘£"b‘d]

Take R, from Table (4-1) of the code
M, .. =019 x%i—x 300 x 600% x 107 = 349,20 kN.m < 600 kN.m
AM =M, -M, . =600-34920 = 250.80 kN.m

AM =25080x10% = 4, Iy (d-d)= A,&%{EOD—SG}

" A, = 1456.67 mm"

Note:
A =y b.d+ A’

=(5.00%107" x 25 x 300 % 600) + (1456.67) = 2250 + 1456.67 = 3706.6Tmm"*
d' 50

—=——={0.083<0.15no need to check £'s
d 600
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6
M, 600=10 - 0.189

Fobr 25%300x650°

Use =040 = w=027
u=w.f,/f,=027x25/360= 0.0187

A =a. A, = 0.4 x 3656 = 1462 mm’
Take A, =8 @25 & A, =42 25

Example 6:

Given: T, =400 kN
t =750mm
f,, =25 N/mm’

Design of section using the charts for doubly reinforced sections:

From the chart for doubly reinforced sections for f, = 360 N/mm®, E=0.9

A;=1.b . t=00187 x 300 x 650 = 3656 mm’

Design of unsymmetrical rectangular section subjected to eccentric tension force

M, = 100 kN.m
b =250 mm
f, =240 N/mm’

d' |
T Asi L)
Cq2
g d | ) o
¢
Cel Tll
;B Asi i
d-d'
g = hﬂ = Eg =0.25m =250mm = g —
Tu 400 2
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€, =t/2-e-cover = 750/2-250-40 = 85 mm

€2 =t/2+e—cover = 750/2 + 250 - 40 = 585 mm

T f,

Ay =—220 L0 67
e, te; v,
T {

ﬁ,3=—l—“if—’=244mml
el.! +c:|! TI

Takeﬁﬂ=51322 &Aﬂ=2§f}]ﬁ
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TABLE(2-1):ULTIMATE LIMIT DESIGN TABLES

Assume; b &d

As = (/100) . (b.d)

Ru=Mu/bd* Nmm’
From table Find (u) value

(1) Values for (fy=240) % (1) Values for (ly=360) %

Ry lfeu=40ifcu=35lfcu=30lfcu=25|fcu=20| | R. fcl1=4D]fcu=35]f{:u=3qfcu=25fr.u-?n
0.506 0.25C | [0.456 0.168
0.51 0250|0252 | 0.46 | C.150]0.150] 0.168
0.512 0.250| 0.251] 0.253 | [0.464|0150[0.150] 0.151]0.151[ 0 169
0.513 0250|0251 0252|0263 05 [0.162]|0.162|0163|0.163|0.169
0.514[0.250]0.250| 0,251 |0.252[ 0254 | | 0.6 |0.185[0.195|0196]0.197[0.199
0.6 |0.292]/0.293]0.294(C.296| 0208 | 0.8 |0262]|0.262|0.264|0.265| 0.268
0.8 |0.392]0.394|0.396 | 0.308 | 0.402 1 |0329[0.330]0.332| 0.335] 0.340

1 |0.493|0496|0409|0503| 0500 | 1.2 |0.397]0.399| 0.402|0.406|0.413
1.2 |059%|0.599|0.603|0610|0620|| 1.4 {0466|0469]|0.473|0479]0.489
1.4 10.699]0.704[0.710|0.718] 0.734 1.6 10,536/ 0.540| 0.546| 0.554 | 0.568
1.6 |0.804 |0.810|0.819|0.831 | 0.851 18 |0607|0613|0620|0.631|0.649
1.8 10.911]|0919|0.930|0.946 | 0.973 2 |0679|0.686|0695|0.709]0.733

2 |1.019(1.029(1.043|1.064| 1.008| | 2.1 |0.716|0.723|0.734 | 0.750| 0,821
22 |1.129]1.141[1.159]1.185| 1.231 22 lo752|0.781|0.772] 0.790] 0.912
24 |1.240]1,256[1277|1.310|1.369| [ 2.4 |0.826]|0.837|0.851|0.874|0.913
26 |1.353]/1.371[1.388]|1.439| 1.513) | 26 |0.902|0.914| 0.932] 0.960
2.8 |1467(1490(1522(1573|1666|| 2.8 [0.978|0.993|1.015(1.048

3 |1.584|1.611|1.648]1.711]1.712 3 [1.056]1.074]| 1.099] 1.141
3.2 |1.703|1.734]|1.780| 1.B55 32 [1.135(1.156|1.187|1.238
3.4 |1.823]|1.860]1.914|2.004 34 [1.215(1.240(1.276
3.6 |1.946]1.989]2.053 a6 |1.297|1.326]1.369
3.8 |2.071]2.121]2.196 aB [1.381]1.414]1.484

4 |2199]|2256|2.345 4 |[1.466]1.504
4.2 |2.329|2.395]|2.498 4.2 |1.553(1.587
44 |2.462]|2.538 4.4 [1.842[1.692
46 |2.598]| 2685 46 [1.732
4.8 2737|2837 4.8 |1.825

5 [2.880(2.994 5 [1.820
52 |3.028
54 3177
56 [3.331

[ Awu= The leastof —-—b.d &1.3As
¥

But not 0.25%.b.d for st. 240
89 |ass than 0.15%.b.d for st. 360
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TABLE(Z-2): ULTIMATE LIMIT DESIGN TABLES
(1) Values for (fy=280) % (1) Values for (fy=400) %
| feu=40 | feu=35 | feu=30 | fcu=25 [fcu=20 Ry | feu=40 | feu=35 | feu=30 | fou=25 [ fou=20
0.587 0.25 0.505 0.150
0.591 0,250 | 0.251 0.51 0.150 | 0.150 | 0.150
0.595 0.250 | 0.251 | 0.253 0.514 | 0180 | 0.150 | 0.151 | 0.151 | 0152
0.598 0.250 | 0.257 | 0.252 | 0.254 055 | 0161 | 0181 [ 0162 | D162 | 0.175
06 | 0251 | 0.251 | 0.252 | 0.253 | 0.255 068 [ 0175 [ 0176 | 0177 | 0477 | 0.179
08 0336 | 0337 | 0,338 | 0,341 | 0345 08 | 0235 | 0236 | 0237 | 0.230 | 0.241
1 0423 | 0.426 | 0.427 | 0.431 | 0.437 1 0.296 | 0297 | 0.200 | 0.302 | 0.308
12 | 0511 | 0513 | 0.517 | 0.523 | 0.531 1.2 | 0.357 [ 0.350 | 0.362 | 0,365 | 0372
14 | 0588 | 0603 | 0608 | 0616 | 0624 14 | 0420 | 0422 | 0426 | 0.431 | 0.440
16| 0680 | 0685 | 0.702 | 0.712 | 0.730 16 | 0.483 | 0.486 | 0.481 | 0,490 | 0.511
1.8 | 0781 | 0.788 | 0.757 | 0.811 | 0.834 1.8_| 0.547 [ 0.551 | 0,558 | 0.6568 | 0.584
2 | 0673 | DBB2 | 0664 | 0812 | 0842 1885 | 0610 | 0.616 | 0.624 | 0.637 | (655
22 | 0967 | 0878 | 0,993 | 1.016 [ 1.055 2 | 0611 | 0617 | 0.626 | 0.638 | 0.660
2304 | 1017 | 1029 | 1048 | 1071 | 1.118 22 | D677 | 0685 | 0695 | 0.711 | 0739
24 | 1083 | 1076 | 1085 | 1423 | 1.173 24 | 0744 | 0.753 | 0.766 | 0.785 | 0.821
26 | 1150 | 1175 | 1.188 | 1.234 | 1.297 2.495 | 0.776 | 0786 | 0800 | 0.623 | 0.881
2,750 | 1237 | 1.266 | 1283 | 1.324 | 1.372 26 | 0812 | 0823 | 0838 | 0664
2.8 | 1.268 | 1.277 | 1.306 | 1.348 | 1.400 28 [ om0 [ 0.884 | 0813 | 0.944
288 | 1.298 | 1.318 | 1.348 | 1385 2994 | 0.048 | 09684 | 0.987 | 1.024
3| 1358 | 1.380 | 1414 | 1467 3 | 00550 0966 | 0.980 [ 1.027
32 | 1459 | 1486 | 1.526 | 1.590 3110 | 0003 | 1.010 | 1.038 [ 1077
34_| 1563 | 1504 | 1841 | 1.718 32 | 1.022 | 1.040 | 1.068
3448 | 1588 | 1621 | 1670 | 1750 34 |1.004 | 1118 | 1.149
3456 | 1562 | 1.625 | 1.674 349 | 1127 | 1151 | 1.186
36 | 1668 | 1706 | 1.760 36 | 1168 [ 1183 | 1.232
38 | 1775 | 1.818 | 1683 3744 | 1222 | 1.250 | 1263
4 1.885 | 1.834 | 2010 38 | 1243 | 1273
4033 | 1803 | 1653 | 2031 389 | 1.316 [ 1.350
4138 | 1882 | 2016 | 2100 4 1.319 | 1.354 |
42 | 1806 | 2053 42 | 1.398 | 1437
44 212178 43685 | 1.463 | 1508
48 | 2227 | 2302 44 | 1477
4609 | 2232 | 2.307 46 | 1559
4.8 2348 | 2.432 4.8 1.642
4828 | 2363 | 2.450 499 | 1724
5 | 2468
52 | 2504
54 | 2723
b.518 | 2.800
Assume; b &d
Ru=Mu/b.d®  Nimm®
From table Find (u) value
As = (u/100) . (b.d)
' But not 0.25% b.d for st. 280
= The least of b.dg13As
Asmin fy %9 |gss than 0.15%.b.d for st. 4&0]
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TABLE (2-3): ULTIMATE LIMIT DESIGN TABLES (f,=240 MPa and f, =360 MPa)

) i (%)
Ry Teu (MPa) Ry _ s (MPa)
40 3 30 o] 20 [ a0 35 30 = 20
0.1 0048 | 0048 | 0048 | 0048 | 0048 01 | 0032 | 0032 | 0032 | 0.032 | 003 |
0.2 0095 | 006 | 0097 | 0097 | 0.097 02 0064 | 00684 | DDA | 0064 | 0085 |
0.3 0145 | 0745 | 0.145 | D146 | 0.948 0.3 0037 | 0097 | 0057 | 0097 | D097 |
0.4 D194 | 084 | 0185 | 0185 | 0108 0.4 0128 | 0129 | 0130 | 0430 | 045
05 0243 | 0244 | 0244 | 0245 | 0247 05 0462 | D162 | 0963 | D163 | o0.164
06 0292 | 0253 | G254 | 0296 | 0.298 06 0195 | 0185 | 0198 | D197 | 0i99
0.7 D342 | 0343 | 0345 | 0347 | 0350 | 0.7 0Zm | 0238 | 0230 | 022 | o733
0.8 0262 | 0384 | 0396 | 0398 | 0402 08 | 0262 | 0262 | 0264 | D265 | 0268 |
[iE:] 0443 | 0444 | 0447 | 0450 | 045 03 0295 | 0296 | 0588 | 0.300 | 0304
1 0483 | 0496 | 0455 | 0503 | 0509 1 0329 | 0330 | 0.332 | 0335 | o340
1.4 0644 | 0547 | 0551 | 055 | DG6d 1.1 0353 | 0385 | 0367 | 0an 0.376
12 0595 | 0593 | 0603 | 0510 | 0520 1.2 0357 | 0399 | 0402 | 0406 | 0413
13 0647 | 0.BE] 0656 | DBGd | G676 13 0432 | 0434 | 0438 | 0443 | 0451
1.4 0653 | 0704 0.710 | 0.719 | 0.734 | 14 | '0466 | 0.469 0473 | 0478 | 0489
15 0752 | 0.757 | 0764 | 0075 | 6792 | 15 | 0501 | 0505 [ 0508 | 0517 | 0528 |
1.6 D804 | 0811 0819 | 083 | 0851 16 D536 | 0540 | 05468 | 0554 | D568
17 0858 | 0884 | 0874 | 0688 | 0812 1.7 D572 | 0576 | 0583 | 0692 | 0608
1.8 0911 | 0813 | 0830 | 0948 | 0973 18 | 08607 | 0613 | D620 | 0831 | 0649
18 0965 | 0974 | 0986 | 1005 | 1.038 15 0643 | DB45 | D657 | 0670 | D590
2 1.019 1.029 1.043 1,064 1.100 2 0670 [ D686 | 0BS5S | 0709 | 073
21 1074 | 1085 | 1900 | 1424 | 17965 21 0716 | 0723 | 0734 | 0750 | 0.776
232 1129 | 144 1158 | 1385 | 1231 22 | o752 | 0761 | 0772 | 0790 | o621
23 i.i84 | 1198 1.218 1248 | 1.255 FE] 0788 | 0799 | omz | 0832 | 086a
24 1240 | 1258 1.277 | 1370 | 1.369 24 0827 | 0837 | 0OB5 | 0874 | 0913
25 1.266 | 1313 1337 | 1374 | 1.440 | 25 0864 | 0B75 | 0831 | 0516 | 0560
I 133 | 121 1.388 1435 | 1513 Pl 0902 | 0974 | 0932 | Doe0 | e
2.7 1410 | 1430 | 1460 | 1506 | 1588 27 0840 | 0854 | 0672 | 1004 | 1588
| 2A 1467 | 1480 | 1522 | 1573 | 1666 28 0978 | 0993 | 1015 | 1048 | 1666
Za 1526 | 1580 | 1585 | 1641 1.745 29 1.017 | 1. uaz 1057 | 1004 1.745
3 1584 | 1611 | 1849 | 1741 | 1.628 | 3 1066 | 1074 | 1100 | 1441 | 1828
EX] 1,643 1672 1.714 1.762 1.813 3.1 1.095 1.115 1.143 1.188 1.913
a3z 1.708 | 1.734 1.780 1866 | 2001 32 1135 | 1156 | 1187 | 1.237 | 2000
K] 1.763 1.797 1.847 1,829 2083 a3 k1178 1.198 1.23 1,929 2093
34 1823 | 1860 [ 1615 | 2005 | 2.189 3.4 1216 | 1340 | 1276 | 2005 | 2189
| 35 | B84 | 7624a | 1983 | 2082 | 2289 | 5.5 1256 | 1.83 | 1322 | 2082 | 2089
36 1,946 1985 | Z.053 2162 | 2395 36 1.297 | 1.326 1365 2162 | 2395
a7 2009 | 2085 2124 24 2507 a7 1.333 1.370 1416 | 2243 | 2507
38 2071 2121 2187 | 22327 | dear 38 1381 | 1414 | 1484 | 2327 | 2627
ag 2135 | 27188 | 2770 | 2413 | 056 a9 1423 | 1458 | 1513 | 2413 | 2756
4 2198 | 2357 | 345 | 2501 2B 4 1466_| 1504 | 2345 | 2500 2897
4.1 2264 | 2378 | 2421 2593 | 3054 41 1500 | 1.550 | 2421 26583 | 3054
4.2 2329 | 2386 | 2455 | F6A7 | aas 4.2 1653 | 1597 | 2499 | 2887 | 3235
4.3 23096 | 2485 | 2578 | 2785 | 3,454 FiE] 1597 16844 | 2578 | 2785 | 3454
44 2452 | -2538 | 2699 | 2887 | 3758 | 4.4 1642 | 1692 | 2655 | 2887 | 3758
45 2530 | zZE1 2742 | 2804 4.5 1.687 | 1741 2742 | 2994
45 2509 | 2686 | 2896 | a106 | 46 1732 | 2GBE | 2825 | aios
47 2888 | 2781 | 2913 | aFE 4.7 1778 | 2761 2813 | azz:?
48 2738 | 2837 | 3002 | aaar 48 1825 | 2.8a7 3002 | 3347
45 2808 [ 2815 | 3083 | 34w 49 | 8f2 | 2995 | 3083 | 3479 |
5 2880 | 2994 | 3487 | 3asn 5 1920 | 2994 | 3187 | 3EA
T 2953 | 3075 | 3283 | 3778 | 51 1969 | 3075 | 3283 | 3776
D 3027 3157 3.383 3,845 &3 2018 | 3157 3363 3040
53 30 3240 | 3485 | 4145 | 53 3101 | 3240 | 3485 | 4145
EX] 3177 | 333 | 3533 | 4381 | 54 | 3177 | 3326 | 3533 | 4.381
=5 3254 | 3413 | 3708 | ag07 55 3254 | 3413 | ayo3 | 4sar
56 3332 | 3507 | @eig 5.5 3332 | 3502 | aAis
8.7 3411 3593 | 3840 57 | 34117 | 3593 3940
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TABLE (2-4): ULTIMATE LIMIT DESIGN TABLES [f.,,=2 80 MPa and f¥=4{}ﬂ MPa)
ja (%) = | B (%) o
R, 1.0 (MPa) Ry fow (MPa)
40 35 30 25 20 40 a5 30 75 20
[ 04 0041 | 0041 | 0041 | 0041 | 0041 U1 | 0028 | 0020 | 0020 | 0028 | 0028
0.2 0.083 D.0E3 0.083 noa3 | 0083 0.2 0058 00s8 | 00G8 | 0058 0058
03 0.124 0.124 0.125 0125 | 0125 03 0.087 0.087 | 0.087 0.087 | O.OBA
0.4 0166 0.168 01867 0.167 0.168 0.4 0116 0117 0117 | 0117 | 0118
0.5 0.208 0.209 02049 0.210 0211 | 0.5 0145 D148 | 0447 | 0447 | 014a
06 0.251 0,251 0.252 0253 0.255 .6 0475 0A7E 0177 0177 0,179
0.7 0793 | 0284 0.295 0.297 0.300 0.7 0.206 DzZ08 | 0.207 0208 | 0.210
[ 0,336 0.337 0,338 0.341 0,345 0.8 0,235 0.238 0.237 0,239 0.241
0.5 0379 03681 0,383 0.386 | 0390 | 03 0266 0267 | 0.288 0270 | 0.273
1 0423 | 0425 | D427 | 0431 | 0437 | 1 0206 | 0297 | 0299 | 0302 | 0306
K] 0.467 0468 0472 0.477 0484 1.9 0,327 0328 | 0330 | 0334 | 0333
1.2 0.517 0513 0517 0.523 0.5a1 12 0.357 0.353 D.362 03668 | D372
1.3 0555 | 0558 | 0583 D569 | 0560 | 13 0388 | 0391 0.3594 | 0398 | 0406
1.4 0.5949 0,603 0609 DE16 | 0629 14 0.420 0422 0.426 0.431 0.440 |
1.5 0644 0.649 0.655 0.664 | 0679 1.5 0451 | 0454 0.459 | D465 | 0475 |
1.8 0.690 0,685 0.702 0712 0.730 16 0.493 0488 0,491 0.4599 0511
1.7 0745 0.741 0.749 0.761 0761 1.7 0.515 0518 0.524 0533 | 0.547
18 0.781 D.7E8 0.797 0.811 0634 | 1.8 0.547 0.551 0.558 0.5688 0.584 |
1.9 0827 0.835 0.845 0,861 0.8A8 1.9 0,579 0,584 0.582 0.603 0621 |
2 0673 | 0Ba2 0.5894 0912 | 0842 2 0B | 0617 0326 | 0638 0.680
VX 0.520 0.530 0.943 0.964 0.858 2.1 0.644 0,651 0680 | 0.875 0,599
22 0.967 0.578 0.993 1.016 1055 2.2 0677 0.605 0685 | 0711 0733
23 1.015 1.027 1.044 1.068 1114 23 0710 | 0718 0.731 0.749 | 0.780
24 1.063 1.076 1.055 1123 1173 24 0.744 0.753 0.766 0786 | 0.621
25 1.1 1125 | 1.146 | 1478 | 1.234 25 0.7/8 | DJBB | 0.802 | 0.825 | 0.884
28 1.159 1.175 1,158 1.234 1.297 | 26 [E 0.823 0,839 | 0.864 0.908 |
27 1.208 1226 1.251 1.230 1.362 | 27 0.B46 0.858 0.876 0,803 1.362 |
28 1258 | 1277 | 1305 | 1.348 | 1.428 | 28 | 0BB0 | D804 | 0813 | 0944 | 1.428
28 1.308 1.328 1.359 1.407 1 496 28 0815 0.930 0.551 0.885 1.456
3 1.358 1.381 1.414 1.467 1567 3 0.950 0,966 0,890 1.027 1.567
K 1,408 1.433 1,469 1.528 1.640 Al 0.086 1.003 1.028 1.089 1,640
32 1.459 1486 1.525 1,690 1.715 3z 1.022 1.040 1.068 1,113 1.715
33 1.511 1.540 1,583 1,653 1,794 33 1.058 1078 1.108 1.653 1.754
34 1.5653 1554 | 1.641 1.718 1876 34 1.084 1118 1.149 1.718 1678
35 1515 1.649 1.700 1,785 1.962 35 143 1,155 1.180 1.785 1.962
38 1.668 1705 | 1760 | 1.853 2.053 | 3.6 1.168 1.193 1.232 1.853 2053
a.7 1722 1.761 1821 | 1.923 2143 | | 37 1.205 1.233 1.215 1.023 2.149
as 1.776 1.818 1.883 1.994 2252 | a8 1.243 1.273 1.318 1 584 2252
an 1.830 1.876 1.946 2068 2362 g 1.281 1313 1.362 2.058 7362
F] 1.885 1.934 | 2010 2144 Z.483 4 1.319 1.354 2010 | 2144 2483
4.1 1.941 1.993 | 2075 332 2618 41 1.358 1.385 2075 2222 2618
4.2 1.997 2053 7142 2303 2713 4.2 1,398 1437 2142 2.303 2773 |
473 2053 2114 2.0 2,388 2980 43 1.437 1.480 2210 2.388 2.960
4.4 FRER 21768 | 22719 2,475 3721 4.4 1.477 1.523 2279 | 2475 | 3.2H
45 2468 | 2238 | 2350 2.568 45 1,518 1.587 2350 | 2566
46 2227 | 2302 | 2422 2,652 46 1.559 2,302 2422 | 2662
47 2.287 2366 | 2.497 2,762 47 1.601 2,366 2407 | 2762
a8 2.347 2432 | 2573 2868 4.8 1.843 2432 2573 | 20668
49 2.407 2459 | 2.651 2682 4.9 1.685 2,494 2.651 2 862
g 2.489 2567 | 2731 3104 5 1.728 2567 27 3104
5.1 2531 PR 2B14 3237 5.1 1072 7636 2.814 3237
5.2 2594 2708 | 2b00 3.385 52 1.816 2708 2.500 3.385
53 2.658 2778 | 2888 3553 53 2 658 2778 2088 | 3553
54 2724 2851 3.079 3.755 5.4 2723 2 851 3079 | 3785
55 2788 2625 | 4174 4.026 55 2.788 2,825 3174 | 4028
56 7 656 3002 | 3274 56 7856 3.002 3.274
57 2,973 aosn | 3am 57 2523 3.080 3377
IECCS 203-2001-Diesign Aids Flexure Members
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f, bt

Chalrt (2-6): Ultimate Limit Design Chart for
Doubly Reinforced Sections
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Chart (2-7):Ultimate Limit Design Chart for
Doubly Reinforced Sections
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Chart (2-8):Ultimate Limit Design Chart for
Doubly Reinforced Sections
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Chart (2-9):Ultimate Limit Design Chart for
Doubly Reinforced Sections
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3. AXIALLY LOADED SHORT COMPRESSION MEMBERS (e/t < 0.05)

3.1 Introduction

All compression members are to be designed for a minimum eccentricity in the two
principle directions. Clause 4-2-1-3 of the code specifies the following equation for
designing tied compression members

P.=0.35f,, A, +0.67 A 1,

The above equation can be written as

P,=0.35f, (Ag-'p A +0.67 £, p Ay

Dividing both sides by A,

Ko 0357, 1-u)+067 £, p

AI’

P

~ =035 fo + n(0.67 f,-035f1.)

Design Charts (3-1 to 3-4) can be used for designing short columns. The following

example illustrates the procedure

3.2 Design Example

Example 1:

Determine the cross section and the reinforcement required for a short braced axially
loaded interior column with the following data:
P, =2000 kN

f,, =25 N/mm’

f, = 360 N/mm’

Solution

Assume |.1-— 1% [jt > pmin(0.008) and pt < pimax (0.04)] and referring to chart with f, =

3ﬁﬂ N/mm’, the required cross sectional area of the column is 1770 cm’
o= =1770 cm®

Choose25x 75 A, cpgsen= 1875 cm?

ECCS 203- 2001 Design Aids Compression members
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8D I8

A; chosen = 0.01 x 1770 = 17.7 cm?

15

(8 ©18

Asmin = 0.006 Ag ihosen = 0.006 X 25X 75=11.25 cm® < A

)

5,chosen L] Gk

£

]

f L

-

L [ |

] 2

= =t T —
é F A ~ ff _
E A=t
: :'—I‘ L~ 7 Pl ]
u Lz

8 9 10 1§ 12 13 14 15 16 ;? 18

Ph, wimed"

ECCS 203- 2001 Design Aids

Compression members

3-2




CHART (3-1): DESIGN OF AXTALLY LOADED
TIED COLUMNS f,=400 N/mm”
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CHART (3-2):DESIGN OF AXIALLY LOADED TIED
COLUMNS f,=360 N/mm?
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CHART (3-3):DESIGN OF AXIALLY LOADED TIED
COLUMNS f,=280 N/mm”
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COLUMNS f,=240 N/mm?

CHART (3-4):DESIGN OF AXIALLY LOADED TIED
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4. MEMBERS SUBJECTED TO ECCENTRIC FORCES

4.1 Introduction

Columns in reinforced concrete frames are constructed to be a part of a rigid
frame unless specific mechanisms in precast systems are designed to prohibit moment
transfer between beams and columns at joints. Columns must be proportioned with a
capacity to resist bending moment as well as axial load. Column cross sections can
resist more axial load in the absence of moment than in conjunction with moment.
However, ECCS 203-2001 requires that all compression members be designed for an
eccentricity, of at least e = 5% of the depth t or 20 mm as a minimum eccentricity. The
capacity of column cross sections is described with interaction diagrams.
Combinations of axial load and moment within the graphs represent safe values for

the column cross section.

4.2 Interaction Diagram
When combined axial compression and bending act on a section having a low
slenderness ratio, from the viewpoint of maximum strength of a section there may be:
(1) Compression over most or all of the section such that the compressive strain in
the concrete reaches 0.003 before the tension steel yields, known as the
"compression controls” region.
(2) Tension in a large portion of the section such that the strain in the tension
reinforcement is greater than the yield point strain when the compressive strain

in the concrete reaches 0.003, known as the "tension controls" region.

ECCS 203-2001 Design Aids Eccentric Forces
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(3) The balanced condition is reached when the tension steel reaches its yield strain

at precisely the same load level as the concrete reachés its ultimate strain,

0.003, and starts crushing,

P., Axial
compression

Py

_ 1 o0.003

Tension controls

b

M., Bending moment

Typical ultimate strength interaction diagram for axial compression and bending

moment about one axis,

ECCS 203-2001 Design Aids Eccentric Forces
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4.3 Behavior of Eccentrically Loaded Short Columns

d' Wk 1 G e
TDDD t 4 Ii _I_c HI ==
As' d 1
| . |
e L Plastic centroid
000 L T

Strain Distribution Stresses Distnbution

The same principles concerning the stress distribution and the equivalent rectangular
stress block applied to beams are equally applicable to columns. The figure shows a
typical rectangular column cross section with strain and stress distributin;] diagrams.
The equilibrium expressions for forces and moments can be expressed as follows:

P =ﬂ.ﬁ?i—“b¢+d,' fi—4f, —ﬂ.ﬁ?-‘;ﬂ-d; (a)

(]

M,=Pe =ﬂ.6?£—“ba(_§-—§) +A,f,(F~d)+ A,1,(d- ﬂ—ﬂ.ﬁ?-‘%x!;{j?—d‘) (b)

& e

Where

c-d15£

f, =0.003E,
c ¥,

ECCS 203-2001 Design Aids Eccentric Forces
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¥ is the distance from the extreme compression fibers to the plastic or geometric
centroid.

7 elt 7 elt
And =15|———| 215, ¥, =115|—-—| 21.
Ye [6 3 ] Ys 5{6 3 ] 1.15

4.3.1 Balanced failure in rectangular column sections
From similar triangles, an expression for the depth of neutral axis Cp at

balanced condition can be written as:

S _ 0.003
0.003 + f:'
E,y.
a, =0.8¢,

The axial load corresponding to balanced condition Py, and the corresponding

eccentricity e, can be determined by using equations (a) and (b) (£ =£/y,).

B, =0.67 Ja ba, +A;f_'—A,£—0.6?f—“A;
y{ ?r.l ?{.‘

M, =P, =ﬂ.ﬁ?%-ba,(}—%)+.d;ﬂ(§-d')+d_ ﬁ(ﬂ'—f}—ﬂ.ﬁ? i" A (y-d")

4.3.2 Tension failure in rectangular sections

| The initial limit state of failure in cases of large eccentricity occurs by yielding
of reinforcement at the fension side. The transition from compression failure to
tension failure takes place at e=ey. If e is larger than e, and P, < P, the failure will be

in tension through initial yielding of the tensile reinforcement, The previous equations

ECCS 203-2001 Design Aids Eccentric Forces




(a and b) are applicable in the analysis by substituting the yield strength fy/y, for the

stress f; in the tension reinforcement.

P =ﬂ.ﬁ?f—“ba+4; ¥ —A,fl—ﬂ.ﬁ?f—“A;
?'._- i?l ?c
= 7 (A R £, _ §
M, —ﬁre—{}.ﬁ’??—ba(y—ij+d,f;{y—d ]+A, —{d~y}~ﬂ.ﬁ??-;{,{y—d)
& ?; (4

4.3.3 Compression failure in rectangular sections

For initial crushing of the concrete, the eccentricity e has to be less than the
balanced eccentricity e, or Py > Py The tensile reinforcement stress f; is less than
£s.
The previous equations (a and b) are applicable in the analysis by substituting the
yield strength f/y, for the stress £ in the compression reinforcement The analysis
process necessitates applying the basic equilibrium equations, using trial and
adjustment procedure and ensuring strain compatibility checks at all stages.

P, =0.6772p, +A_'-£-A,f, —ﬂ.ﬁ?f—“d,'
7e 7, 7.

M, =Re=0.ﬁ?'—fiba(f-—§)+zi;—{’-{?—d']+ Af.(d- JT}—D.G?&A,(J‘J—J')
7,

Fe Y.
Where £ =0003,2=¢< >
c 7,
ECCS 203-2001 Design Aids Eccentric Forces
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4.4 Solved Examples
Example 1: Design of a section subjected to eccentric compressive force using

interaction diagrams (Case of compression failure)

Given: P,= 1400 kN; M, =240 kN.m
t =750 mm; b =250 mm
fou =25 N/mm?; f, = 240 N/mm’
i £:=0.003 0.67f..
. ;
T o0 O f f I_ s aI gt c,
A | d ot
|
As
+“—p &
b Strains Stresses
Design:
B, 1400*10° 3
b 250%750 0 Nimm
M, _ 240*10°
= = 1. N/mm?
bt 2s0%750° . o

From the interaction diagram with f;, = 25 N/mm’, f, = 240 N/mm?, £=0.9 and =1

As=5$16 As'=5416
p=05% I I I
25
As = Ag' = 0.005*25%75 = 9,375 cm?
(5¢16) e 7 9
——— 75 ——»

ECCS 203-2001 Design Aids Eccentric Forces




Example 2: Using the strain compatibility approach, verify the adequacy of the design
obtained in example 1
e=M/P,=240/1400 * 100=17.14 cm
e/t=17.14/75=0.228
Strength reduction factors:
y,=1.5[1—e—“]=1.535

6 31~

7 elt

=1.15|=——| =126

=15 2-1]
Equations of equilibrium:

R -ﬂ.ﬁ'}'f—“ba+A,'£-A, 1, —ﬂ.ﬁ?f—"'d;

€ ] e

Where, , =u.003£,ig£ and a=08¢

1400*10° = 0.67*25*250%0.8%c/1.636 + 937.5*240/1.262 -937.5*600*(7 10-c)/c
-0.67*25%*937.5/1.636
c=62.85cm,a=50.28 cm

Take moment at section plastic centroid

Landus E @ e dyit b oS g 12—
M_-D.ﬁ?n Em{z 2)+A_ = G d)+Af,(d 2} 0.67 - Atl12-d")

= 0.67*25*250%0.8*628.5/1.636*(375-251.4) + 937.5%240/1.262%(375-40)

+ 937.5*600*(710-628.5)/628.5*(710-375) - 0.67*25%937.5/ 1.636%(375-40)

M, = 240 kN.m

ECCS 203-2001 Design Aids - Eccentric Forces
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IT'hc section is adequate and the accuracy of the interaction diagram has been verified,

710 -628.5

‘| Note: g, =0.003
628.5

=0.00039<¢, /7, {tension reinforcement did not yield)

Example 3: Design of a section subjected to eccentric compressive force using
interaction diagrams (Case of tension failure)
Given: P, = 600 kN; M, =320 kN.m

t= 750 mm; b=250 mm

f=25N/mm’  f, =240 N/mm’

Design:
P 600*10°
L8 = 32 Nimm?
bt 2504750 o
& &
M, 320010° .

bt* ~ 250*750°
From the interaction diagram with £, = 25 N/mm?, f, = 240 N/mm?, £=0.9 and a=1
n=0.64%

As= As' = 0.0064*25*75 = 12 cm® (6416)

As=6¢16 As'=6416

Jd I

ECCS 203-2001 Design Aids Eccentric Forces
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Example 4: Using the strain compatibility approach, verify the adequacy of the design
obtained in example 3
e = M/P, = 320/600* 100 = 53.34 cm
e/t=54.34/75=0.7112
Calculating the safety reduction factors:
7 elt

=15|———|[=1.39<1.5 =],
Y. 5[6 3} 39< y. =15

7, =1.15E--€3£}=1.{}7«:1.15 y, =1.15

Equations of equilibrium:
B, =067 Jat pg 4 4, 2. 4, f—"—ﬂ.ﬁ?-‘i-d;
Ye ¥ ¥ Ye

600*10° = 0.67*25*250*a/1.5 + 1200*240/1.15 -1200*240/1.15-0.67*25*1200/1.5
a=210cm , c=2625cm

M, 06772 bat -8y A;—'&{i—n"}h{,f—’{d—i}—ﬂ.ﬁ?f—“‘;d;(ﬁzrd'}
2 2 2 v, 2 4

[ T [

= 0.67*25%250*210/1.5%(375-210/2) + 1200*240/1.15%(375-40)
+ 1200%240/1.15%(710-375) - 0.67*25*1200/1.5%(375-40)
M, =320 kN.m

The section is adequate and the accuracy of the interaction diagram has been verified.

710-262. : . R
Note: &, =0.003 —Tﬂzgﬂ =0.0051> ¢, /y, (tension reinforcement is yielded)
ECCS 203-2001 Design Aids Eccentric Forces




Example 5: Design of unsymmetrical rectangular section subjected to eccentric

compressive force using design aids for flexure (M., approach) for tension failure

cascs

Given: P, = 600 kN; M, =320 kN.m
t =750 mm; b =250 mm
fu=25N/mm’;  f, =240 N/mm’
As'=6cm® (3¢16)

Design:

e=M,/P,=320*100/600=53.33 cm
& =e+t/2-cover=5333+37.5-4=86.83 cm
My =P, &,=600 * 0.868 = 520 kN.m
Since,
M, =4, f,d-al2)+ A, f,(d-d")/y,
Where

[
5l

Ay=A, + & 4,=4,-4

and take the +ve sign for compressive loads and -ve sign for tensile loads
therefore,

M, 520*10°

bd* 250*710

_3*2%100

= *240*(1-40/710)/1.15=0.666
250%710

#'f,(~d'd)ly,

ECCS 203-2001 Design Aids Eccentric Forces
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M, I(bd*) =, f,(1-al2d)/y, =4.13-0.666 = 3.464 N/mm?

7, = 0.0205
A, = H,bd = 0.0205*25*71 =364 em’

A, =A,~Py, | f,=364-600*10"*1.15/240/100 = 7.65 cm?
Total area of tensile reinforcement, A,

A= Ay A, = 7.65+6 = 13.65 cm® (7¢16)

With A/ =(3 ¢ 16)

As=Td16 As=3416

AN

]-1—“—-————#

— 75 ——P

Example 6: Using the strain compatibility approach, verify the adequacy of the design
obtained in example 5

e = My/P, = 320/600* 100 = 53.34 cm
elt=54.34/75=0.7112

Strain reduction factors:

7 elt
=15|——|=139«<1.5 =1.5
Ve [6 3 :’ Ye

Eccentric Forces

ECCS 203-2001 Design Aids
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T elt
=1.15| L8 | o107 <115 =1.15
L [6’ 3 ] < 7

Equations of equilibrium:
P, = 0.6772 pa+ A;ﬁ-ﬁ, L——-ﬂ.ﬁ? S 4
rc ?'l ?l ?'c

600*10° = 0.67*25*250*a/1.5 + 600*240/1.15 -1400*240/1.15-0.67*25*600/1.5

a=277cm

M, =067lopal 8y o Lot gy, q Trg ty 0.67L% 4 (t/2- av)
2 2 Y. 2 Y. 2 7

L 13

=0.67*25*250%a/1.5%(375-a/2) + 600*240/1.15*(375-40)

+ 1400*240/1.15%(710-375) - 0.67*25*600/1.5*(375-40)

| M, =320 KN.m

The section is adequate. Also, the accuracy of the interaction diagram has been

verified.

Enmple"?: Design of unsymmetrical rectangular sections subjected to eccentric

tensile force using design aids for flexure (M,, approach)

Given: P, =220 kN (tension); M,=216 kN.m
t=750 mm; b =250 mm
fou= 25 N/mm?; f, = 240 N/mm’
As'=0

Design:

e=M,/P,=216%100/220=98.18 cm

ECCS 203-2001 Design Aids Eccentric Forces
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e,=e-t/2+cover=98.18-37.5+4=64.68 cm
My =Py 6, =220 * 0.6468 = 142.3 kN.m
Since,

M, =A4,f,@d-al2)ly, +4,'f,(d-d"y,

Where A-l =4, iP:rY: "FL

bd®  250*710°

®1N%
M, 1422*10 ~1.128

M_I(bd*)=,f,(1-a/2d)/y, =1.128
I, = 0.0056

A =Ebd=0.0057*25*71=10.12  cm?

Use A, (5¢25)
As=54725 As'=0
IST I
|4 71 >
G 75 |

A, =4 +Py,/f,=10.12+220%10° *1,15/240/100 = 20.66 cm*

ECCS 203-2001 Design Aids
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DESIGN AI DS

INTERACTION DIAGRAMS FCR ECCENTRIC FORCES

RECTANGULAR SECTION

i—Top & Bott. RF.T Gniy n=%‘ Iﬁs} T’
La
r

240 2
f!_/zuu;:\____;u//lﬂn\\{_/nﬂ
W= S TN

0.7

f\

U—R.F.T Along The Perirneter

. \‘\ P i ;.-I[B\
7 \"'—‘i::\aun/ \‘\.un _],

oy

CIRCULAR SECTION
_———————

o S N
4 \élﬂﬂ/’/ \ %®

0.7

How To Use Interaction Diagrams
%

___Pa
[.b.t
Fu P -4
K = bt (unitless) p=of 10 Cnr{g ];!;'],"L"]t"
vl
M As=u.b.t =X
K.& =——=, (unitless)
t o f.bt As=a A= : Ten.Fallurs
004 b (Pu<Pb)
K L. My -
t f bt
ECCS 203-2001 Interaction Diagrams

_|
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5. INTERACTION DIAGRAM
4.5 Design Of Section Subjected To Eccentric Compression Force:
a) Balanced conditions ; Is the limit between compression and tension failure.
AT Asf
Balanced eccentric force Pb=ﬂ.ﬁ'.'f°“ ay b- i
Te Ys Ts
A f, Asf
Ph-n.ﬁ?hu.a{ T R S
o gy s s
Ts
Pu
Acf, Asf :
P, = 214.4( f"“f ypd-—2 Y4 As%
600 +-Y. Ts Ts 4 © s
s | Eg
B, 1] | .
Table of K; (balanced) = po 4 LI
foy bt
(case of A’ = A, ) "l s
typc i Comprasaion
of | 240/350 | 280/450 | 360/520 | 400/600 (Pu>Py)
steel ® -
£=0.7 | 0.228 0.219 0.200 0.191 Py ® ol
=08 | 0241 | 0232 | 0212 | 0203 | ‘=™ o | T
=09 | 0.255 0.244 0.224 0.214 0.04
- -
. +'ﬁh=
Use of Interaction Diagrams
(Design charts for sections subjected to eccentric compression force P,)
For different values of f,, p=A,/bt, a=A"/A,, §=$
ECCS 203-2001 Design Aids Iinteraction Diagram
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Procedure of design of section:

1- For a given sec. calculate k=
foy b1

ii- Calculate  k &= —Mu
t f, bt

iii- Locate the point on the interaction diagram,
If the point is at the zone A (Eccentric force with min eccentricity e < 0.051) :
Design as short column,
1v- For column with

separate stirrups : P, =035 f, A, + 0.67 A fy
If the point is at zone B (case of compression failure)
iv- Design using the interaction diagram and get p :

then p=pf,, x 1o~

As=pbt |, As=aA
If the point is at the zone C (case of tension failure)

Section can be designed as if subjected to simple bending using design charts (2-1,
2-2, 2-3, 2-4)for cases where the contribution of the compression reinforcement can
be neglected as follows:

iv- Calculate €=M, /P, , e,=e+t/2-cover , M, =P, &,

v- Use chart 2-3 , Calculate C, from d=C, Mg /fey b

Mys Py
idfy £y /g

vi- From chart getj ,thus A = where yg =1.15
OR: .

v- Use curves 2-1 or 2-2, select suitable curve for ( fyofe)

vi- Calculate R,= M,/bd’

P
vii- From chart get p , thus A, =ubd-f;’ where y. =1.15
y'7s

P
If the point is at the zone D ( —2— <0.04)
cu Ot
Case of small eccentric force P, which can be neglected and section is to be
designed for simple bending only .
The interaction diagrams are given for values of :

f, =240, 280, 360 , 400
el e e Note : f,,is nota parameter and is
4.4 included in the charts.
¢=""" 209 ,08,07
[
ECCS 203-2001 Design Aids Interaction Diagram
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4.6 Solved Examples for Sections Subjected to Eccentric Force

Example 1:

Design a section subjected to eccentric compressive force using interaction
diagrams.

Given: P, = 1400 kN M, =240 KN.m
t =750 mm b =250mm
f.=25 N/mm? f, =240 N/mm?®

0.67f/v.- £~0.003
) /W’ T — Gy

d = 1 F—
—1— — — i—-—

b €1

b - -5
Design:
3
P, _ 1400x10 ~0.30

f bt 25x250x750

M, _ 240x10°

= =0.068
£ bt 25x250x750°

From the interaction diagram for f, = 240 N/mm’, £=0.9, a=1.0
get p=2

Mu 240 e 170
E—Esﬁ—ﬂl?m 170mm == T—E-GZZ?{campﬁmm)
p=p.f.10*=2x25x10"=0.005
A,=p.b.t=0.005 x 250 x 750 = 937.5 mm’

A =a.A,=1.0x 937.5=937.5 mmn’

Take A,=50 16 & A, =5016

ECCS 203-2001 Design Aids Interaction Diagram




Example 2:

Design of a section subjected to ecceniric compressive force using interaction
diagrams.

Given: P,= 600 kN M, =320 kN.m
t =750 mm b =250mm _
fou=25 N/mm® f, =240 N/mm’
0,67l £c=0.003
] i
L % | { :
l = Ce
: c| [
df J
Sy I T
Es
2 -
Design:
P, __ 600x10’ B3R
f bt 25x250x750
11
M, 320x10° 0.091

£.bt  25%250x750°

From the interaction diagram for £, = 240 N/mm’, £=0.9, 0=1.0
get p=25 -

e= L L =0.533m =533mm == —: = % = (.71 (tension failure)

Pu 600

p=p.fu. 10%=25x25 x 10*=0.00625
Ay=p.b.t=10.00625 x 250 % 750 = 1172 mm®
A =a.A=10x 1172=1172 mm’
Take A, =62 16 & A, =62 16

ECCS 203-2001 Design Aids Interaction Diagram
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Example 3:

Design of unsymmetrical rectangular section subjected to eccentric compressive
force using interaction diagrams,

Given: P, = 600 kN M, =320 kN.m
t =750 mm b =250mm
f,, =25 N/mm’ f, =240 N/mm’
a =080
0.67fcu/v- g.~0.003
. o]

e T
ik =1 .
1Y - _L.Z

=

]

Design':

P, _  600x10’

- =0.128
f, bt 25x250x750

M, _ 230x10°
bt 25x250% 750°

From the interaction diagram for f, = 240 N/mm®, £=0.9, =0.80
get p=2.6

= E*_ = §EE =0533m=533mm == Fe 222 = 0.71 (tension failure)
Pu 600 t 750

p=p.fy.10"=2.6x25x 10™* = 0.0065
A,=p.b.t=0.0065 x 250 x 750 = 1219 mm"
A =a.A,=0.8 % 1219 =975 mm*

Take A,=4D16+3D14 & A, =5D16

ECCS 203-2001 Design Aids Interaction Diagram
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: INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED T0 ECCENTRIC COMP. FORCES

Chart (4-1)
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INTERACTION DIAGRAMS

FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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L

Chart (4-2)
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Chart (4-3) : INTERACTION DIAGRAMS

FOR DESIGN OF SECTIONS SUBJECTED TO FCCENTRIC COMP. FORCES
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Chart (4-4) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP, FORCES
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TION DIAGRAMS

hart (4-5) : INTERAC

-

C
FOR DESIGN OF SECTIONS SUBIECTED TO ECCENTRIC COMF. FORCES
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: INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-8)
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-9) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-10) : INTERACTION DIAGRAMS

FOR DESIGN OF SECTIONS SUBJECTED TU ECCENTREIC COMF,
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Chart (4-11) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-12) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUEJECTED TO ECCENTRIC COMP. FORCES
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INTERACTION DIAGRAMS

Chart (4-13)
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

Chart (4-14)
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Chart (4-15)
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP.

FORCES
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Chart (4-16) : INTERACTION DIAGRAMS
FOR DESIGH! OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-17) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SURJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-18) : INTERACTION DIAGRAMS
FCR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-19) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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INTERACTION DIAGRAMS

Chart (4-20)

FCR DESIGN OF SECTIONS SUBJECTED TC ECCENTRIC COMF, FORCEE
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Chart (4-21) : INTERACTION DIAGRAMS

FOR DESIGN OF SECTIONS SUBJECTED TG ECCENTRIC COME. FORCES
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Chart (4-22) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTICNS SUBJECTED TO ECCENTRIC. COMP. FORCES
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Chart (4-23)
FOR DESIGN OF SECTIONS SUBJECTED TG ECCENTRIC COMF. FORCES
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INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

Chart (4-24)
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TION DIAGRAMS
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( Uniformly Distributed Steel )
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FOR DESIGN OF SECTIONS SUBJECTED TC ECCENTRIC COMF, FORCES
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INTERACTION DIAGRAMS

Chart (4-26)
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

( Uniformly Distributed Steel )
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Chart (4-27) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
( Uniformly Distributed Steel )
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Chart (4-28) : INTERACTION DIAGRAMS

FOR DESIGN

OF SECTIONE SUBJECTED TO ECCENTRIC COMF. FORCES
( Uniformly Distributed Steel )
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Chart (4-29) : INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TC ECCENTRIC COMP. FORCES

(

Uniformly Di

giributed

Steel )
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Chart (4-30): INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

( Uniformly Distributed

Steel )
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Chart (4-31): INTERACTION DIAGRAMS

FOR DESIGN OF EECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

( Unpiformly Distribuled Steel )
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Chart (4-32): INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

( Uniformly Distributed Steel )
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I'TON DIAGRAMS

INTERA(

S SUBJECTED TO FCCENTRIC COMP. FORCES

hart (4-33):
( Circular Sections )
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INTERACTION DIAGRAMS

FOR DESIGN OF SECTIONE SUBJECTED TO ECCENTRIC COMP. FORCES

Chart (4-34)

( Circular Sections )
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Chart (4-35): INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

( Circular Sections )
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Chart (4-36): INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMF. FORCES

( Circular Sections )
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TION DIAGRAMS

FCR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

« INTERAC

Chart (4-37)

( Circular Sections )}
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Chart (4-38): INTERACTION DIAGRAMS

FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

( Circular Sections )
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Chart (4-39)

( Circular Sections )
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Chart (4-40): INTERACTION DIAGRAMS
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
( Circular Sections )
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Chart (4-41): INTERACTION DIAGRAMS
*O0R DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES

( Circular Sections )
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( Circular Sections )

Chart (4-42): INTERACTION DIAGRAMS

FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES
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Chart (4-43): INTERACTION DIAGRAMS

FCR DESIGN OF SECTIONS SUEJECTED TO ECCENTRIC COMF. FORCES
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Chart (4-44)

FOR DESIGN OF SECTIONE SUBJECTED TO ECCENTRIC COMP. FORCES
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DESIGN AIDS

INTERACTION DIAGRAMS FOR ECCENTRIC FORCES

RECTANGULAR SECTION
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Chart (4-45) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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L Chart (4-46) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-47) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-48) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-49) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-50) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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L Chart (4-51) Interaction Diagrams for ﬁesign of Sections Subjected to Eccentric Forces

20 o Finnn

s | few =35 N/mm?

fy = 360 N/mm*

L=09

ECCS 203-2001 Design Auds

a-71

Interaciion Diagrams




( Chart (4-52) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-53) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-54) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-55) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-56) Interaction Diagrams for Design of Sections Suhje:ﬂeii to Eccentric Forces !
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Chart (4-57) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-58) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces
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Chart (4-59) Interaction Diagrams for Design of Sections Subjected to Eccentric Forces -_‘
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5. COMPRESSION MEMBERS SUBJECTED TO BIAXIAL BENDING

5.1 Introduction
Designing a rectangular column subjected to biaxial bending and axial loads is a

complicated process be:cauae the position and direction of the neutral axis are difficult

to establish. Furthermore, since-the strain on the cross section varies linearly in both
directions, considerable computation time is ruqum:d to calculate the strain for every
reinforcement bar in the cross section. According to the Egyptian code the strain
compatibility method must be used to calculate the forces and moments for members
subjected to biaxial bending, A computer program was used to generate the interaction
diagrams for biaxially loaded members shown in the following pages. Since the use of
the rectangular stress block is not permitted by the code for sections subjected to
biaxial henciing, the force and the moment in the concrete zone were determined by
integrating the stress-strain curve of the concrete over the compressed areca. These
interaction curves are produced by cutting a horizontal plan Ry (load contour) through

the failure surface as shown in the figure below where g = R

Fub

Failure surface

Load contour

Mln
fubt

It should be noted that the reinforcement determined from these interaction curves
should be distributed equally on the four sides. The use of these interaction curves is

explained by the following examples
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5.2 Solved Examples

Example 1: Rectangular section with Biaxial Bending

Determine the reinforcement to be provided in a short column subjected to biaxial

~T~a  My=200kN.m
i

bending with the following data:
Column size 400 x 600 mm

oy 25 N/mm?
iy 360 N/mm?®
Py 1800 KN
M 400 kN.m
M,y 200 kN.m

Solution: calculate the following terms

g B _ 1800x1000 <05
P fubt 25x400x600

M, 400 x1000 x 1000
Jub ' 25x400x600°

=0.11

M,, 200 x1000 x 1000
Jutb* 25x600 x 4007

=0.083

Assume [=0.9

16¢ 25

608/m’

Referring to chart with Ry=0.3 Chart (5-5), the reinforcement index p can be obtained

p=11.8
p=p fu, 10 =11.8 x 25 x 10*=0.0295

Asiomi=p b t=0.0295 x 400 x 600 = 7080 mm? =70.8 cm?

Aschosea= 16 ¢ 25, This reinforcement will be distributed equally on the four sides,
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Example 2: Rectangular section with Biaxial Bending

Determine the reinforcement in the previous example if the normal force has been
increased to 2200 kN

Solution: calculate the following terms

P 2200 x 1000 LB 3d25
- X
&= bt " Z5xd00z600 ~ 266 e
From the previous example
3425 3625
M, =4Uﬂxlﬂi}l}xlﬂﬂﬂ=n.” 608/’
f.0 25x400 x 6002

325
M, 200 x1000 x1000 ¢

St B 25600 x 400°

=0.083

Since the biaxial interaction diagrams do not have a value of Ry=0.366 interpolation
will be performed between Ry=0.30 and R;=0.40

Referring to chart with Ry=0.30 Chart (5-5), the reinforcement index p can be obtained
p=118

Referring to chart with Ry;=0.40 Chart (5-6), the reinforcement index p can be obtained
p=15

Therefore for Ry=0.366, p = 13.94

p=p £, 107 =13.94 x 25 x 10™ =0.03486

Aot =P b t=0.03486 x 400 x 600 = 8366 mm* =83.66 cm?

A ghosen=4 § 28 +12 ¢ 25.

The 4 ¢ 28 bars will be placed in the corners according to article 6-4-6-3-c and the

12 ¢ 25 bars will be distributed equally on the four sides.
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5.3 Design of Biaxially Loaded Members Using Code Provision 6-4-6
5.3.1 Case of Symmetrical Arrangement of Reinforcement (clause 6-4-6-3)

The code offers a simplified method for the case of a rectangular section with
symmetrical reinforcement by approximating the curved shape by two straight lines as
shown in the figure below. The biaxial state will be transformed to a case of uniaxial
eccentric compression. The section will be designed as if it is subjected to an increased
moment about one axis only. The magnification factor B depends on the value of the
applied normal force. It should be noted that the values of P has been changed in the
current edition than 1995 edition to account for load contour changes at high normal
loads.

Note: Interaction diagrams with uniformly distributed steel reinforcement must

be used in conjunction with this simplified method.

Mt Code Equation 6-41
My Approximate Curves
Code Equation 6-42
. BT
Strain compatibility
p
Curve
45° t M,
M, s M,
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Example 3: Rectangular Section Subjected to Biaxial Bending with

symmetrical Reinforcement

Design the column in example 1 using the simplified method in the code

Solution

Determine the load level Ry using the following equation

P, _ 18001000

, 12 § 25
R, = - =030 1428in :
f bt 25x400 x 600 each comer

From Table 6-12-ain the code

648 /m'
B=0.75

Assume cover = 40 mm

a' =560 mm , b’=360mm
sine M, /a’= (400/560) > (M,/b") =(200/360), the design moment will be taken about x.
using code Equation (6-42)

M, = 400+ 0.75 x (560/360) 200 = 633 kN.m

M, _633x1000x1000
fube®  25x400x 600

=0.176

Locate a point in the uniaxial interaction diagram Chart 4-27 (uniformly distributed steel)

p=13.5
n=135x25x10"= 0.033

Asom =1 b t=0.033 x 400 x 600 = 7920 mm?® =79.2 cm’
As choser= 4928 +12 ¢ 25. This reinforcement will be distributed equally on the four
sides, thus the 4¢28 will be in the corners
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5.3.2 Case of Unsymmetrical Arrangement of Reinforcement (clause 6-4-6-4)
The code permits the use of another approximate method for sections subjected

to biaxial bending with unsymmetrical reinforcement. A magnification factor a; was

introduced to modify the design moments M, and M; according to the load level and

moment ratio. The methodology is implemented in two stages:

a) Magnifying the bending moment about the principle axes using the magnification

factor oy, obtained from table 6-12-h

b) Calculating the required reinforcement steel cross sectional area using the uniaxial

interaction diagrams for the magnified moment M, and M',.

Example 4 illustrates the design procedure.

S.4. Maximum Reinforcement Ratio
The maximpm vertical reinforcement ratio allowed by the ECCS 203 varies by
the location of the column. The maximum ratio for interior, edge and corner
columns is 4%, 5% and 6%, respectively, The designer has to check these limits

when using the biaxial charts for designing reinforced concrete columns.
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bending with the following data:

Column size 250x600 mm

£ 25 N/mm’
fy 360 N/mm’
P, 1125 KN
M 175 kN.m
My 34 kN.m

Unsymmetrical Reinforcement

Example 4: Rectangular Section Subjected To Biaxial Bending With

Determine the reinforcement to be provided in a short cc-Iun;:n subjected to biaxial

""‘ig_"‘ M,y=34

M”?”}'r 34/ 220

f
M,/d' _175/570 _,

From table 6-12-b in the code wy=1.35
Meo=M, x0p=175%1.35=2363 kN.m
M,=M, xop=34x135=459KkN.m

R, P, 1125x1000 - 030

“T.ba 25x250x600

M. 2363 x1000 x 1000
f.bat 25 x 250 x 600°

=0.105

My - 45.9 x 1000 x IGE"J - 0,049
Sf.ab 25 x 600 x 250

px=2.6

py=1

Using uniaxial interaction diagrams (£=0.9, a=1.0) Chart 4-4, the reinforcement index (p) in

both X (enter with 0.105, 0.3) and Y (enter with 0.049, 0.3) directions can be obtained
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Mx=px £ 107 =2.6 x25x 10™ = 0.0065
By=py o 107 =1x25 x 10% = 0.0025
A= ixb @ = 0.0065 x 250 x 600 = 975 mm?

Asy= pyb @ = 0.0025 x 250 x 600 = 375 mm?
Asmin = 0.008 x 250 x 600 = 1200 = 12 cm?

Astotal = 2 (Agy + Ayy) = 2700 mm?=27 cm? > Asmin (Choose 14 ¢ 16)

6b 16

2¢ 16

6b 16

Note : The corner bar is divided between x direction and y direction [A., =5 4 16 (10

cm’), Ay, =2 ¢ 16 (4 cm?)]
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CHART (5-1):INTERACTION DIAGRAMS FOR

f ”‘:v BIAXIALLY LOADED SECTIONS
s 1D
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CHART (5-2):INTERACTION DIAGRAMS FOR

v My : BIAXIALLY LOADED SECTIONS
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CHART (5-3):INTERACTION DIAGRAMS FOR

My BIAXIALLY LOADED SECTIONS
f; tb*
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CHART (5-4): INTERACTION DIAGRAMS FOR

M
--f—t”TE- BIAXIALLY LOADED SECTIONS
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CHART (5-5):INTERACTION DIAGRAMS FOR

My BIAXIALLY LOADED SECTIONS
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CHART (5-6):INTERACTION DIAGRAMS FOR
Muy BIAXIALLY LOADED SECTIONS
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CHART (5-7):INTERACTION DIAGRAMS FOR

tb?
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CHART (5-8):INTERACTION DIAGRAMS FOR

My : BIAXIALLY LOADED SECTIONS
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CHART (5-9):INTERACTION DIAGRAMS FOR

P BIAXIALLY LOADED SECTIONS
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CHART (5-10):INTERACTION DIAGRAMS FOR
My BIAXIALLY LOADED SECTIONS
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CHART (5-11):INTERACTION DIAGRAMS FOR

My BIAXIALLY LOADED SECTIONS
fou t b
0.22 ; _ , , ] THG R P (S R e
e e ' o f,=280 N/mm?
0.20 ; ; ' Ry;=0.5
RN o\t ! e E;ED.Q

H=pfe 104

0.00
0 002 004 006 0.08 01 012 014 016 0.18 0.2 0.22

My
W
P,
Re="f,bt
p=p fo, 10°
Aggom = B b 1
‘d":.wulm b
ECCS 203-2001 Design Aids Biaxial Bending

5-19



CHART (5-12):INTERACTION DIAGRAMS FOR

My BIAXJALLY LOADED SECTIONS
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CHART (5-13):INTERACTION DIAGRAMS FOR
My BIAXIALLY LOADED SECTIONS
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CHART (5-14):INTERACTION DIAGRAMS FOR
Moy BIAXIALLY LOADED SECTIONS
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CHART (5-15):INTERACTION DIAGRAMS FOR

_My_z BIAXIALLY LOADED SECTIONS
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CHART (5-16):INTERACTION DIAGRAMS FOR
BIAXIALLY LOADED SECTIONS
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6. REINFORCED CONCRETE SLENDER COLUMNS

Columns are compression members that have:

1) Height greater than 5 times the smaller side  (h>5D)

2) Length not more than five times the breadth (>5b)

If' length is preater than five times the breadth (£25b) the member 1s considered

as a wall

Braced and Unbraced Buildings

A Building can be considered braced if it is provided with walls extended to the
full height of the building and connected to the foundation and the following
equations are met:

For buildings that consist of 4 floors or more:

ETH
a=Hp J h” <06 Code Eq.(6.31.a)

For buildings that consist of less than 4 floors:

a=Hy {Eh;"f <02+01n Code Eq.(ﬁj l.a)

H}, = Total height of building above the foundation level
N = Total unfactored vertical loads carried by all vertical clements

Y EI= Smnmation of the flexural rigidities of the walls sharing in

supporting the  building
n = Number of building floors
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Slender Columns
According to the ECCS 203-2001, slender columns are defined as those that
have slenderness ratios less than those mentioned in Table (6-7) but not more

than those mentioned in Table (6-8)

Table (6-7) Limits of Slendemness Ratio for Short Columns

Column Status Ar or A ip A
Braced 15 12 50
Unbraced 10 8 | 35

Table (6-8) Limits of Slenderness Ratio for Slender Columns

—

Column Status A or A Ap A;
Braced 30 25 100
Unbraced 23 18 70

Slenderness Ratio ( Ay)=H./b
Slenderness Ratio ( ;)= H/i
b =Smaller dimension of the section
i = Radius of gyration

=0.25D circular section

=030b rectangular section

H. = Effective length

=K*H,
Hy, = Clear height of the column between end restraints
K =depends on column’s end conditions and whether it is braced or unbraced
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Calculation of K
For braced columns, K is the smaller of:
K=[07+4005(a +a3)] ( 1.0

K=[085+005(@min)] ¢ 1.0

For unbraced columns, K is the smaller of:
K=[1.04015(a +a3)] ) 10

K=[20+030(ampn)] ) 1.0

g ZtEelc[Ho)
Z(Es 1y /Ls)

Code Eq.(6.32.a)
Code Eq.(6.32.b)

Code Eq.(6.33.a)
Code Eq.(6.33.b)

Code Eq.(6.34)

@y, @z = Ratio of the sum of the column stiffness to the sum of the beam

stiffness at column lower and upper ends

@min = Smaller of o1& a3

Special cases
- For a column fixed to the base  a=1.0

- For a column hinged to the base a=10

Straining Actions for Slender Braced Columnd

The effect of buckling can be considered as an additional moment

(1) Additional Moments
Mogg = P& Code Eq.(6.35)
For rectangular columns in the direction (1)

& = -—2-% Code Eq.(6.36.a)
For rectangular columns in the direction ( b)
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i
Ay b
- ot - e
& > Code Eq.(6.36.b)

For circular columns of diameter (D)

Ap D
§ = Lzmu Code Eq.(6.36.c)
{2) Design Moments
The Largest value of
a) M; DM +M
c)M;+M,/2 d) P.eqin. Code Eq. (6.37)

M; is the moment at the critical section located near the mid-height and is

calculated from:
Mi=04M] +0.6M; = 0.4M7 Code Eq. (6.38)

For columns in double curvature, the sign of the moment M, is taken negative.

Straining Actions for Slender Columns in Unbraced Frames

(1) Additional momeni
Mgaia = P .84, Code Eq. (6.39)
S = X80 Code Eq.(6.40)

8 av = Average sway of the floor

n = the number of the columns in the floor

(2) Design moments
ﬂ] M2+Mldd b] PI-‘-'»:rr.uirl.
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Example 1

Figure 1 shows a structural plan for a 10 story residential building. The
following data are given:

Thickness of flat plate of all floors = 220 mm, the floor cover=1.3 KN/m’, the
equivalent wall loads =2 kN/m® , the live load =3 KN/m®, the height of the
ground floor is 5000.0 mm. and the typical floor height is 3000.0 mm. The
weight of walls and columns is equal to 18000 kN, Assume E=2.5x10* N/mm’
It is required to check the bracing condition of the building in both directions,

C 6.4.2 of the ECCS 203-2001] states that;

The building can be considered braced in one direction if Equatiop (6-30-a) 18
satisfied for that direction and have structural walls

a=Hp ‘I,LEF <06 (6.30.a)

H, The total height of the building above the foundation level
N Total unfactored vertical loads acting on all vertical elements
Y E/ Summation of flexural rigidity of all vertical walls in the direction under

consideration

where

Step 1 Calculation of N

Unit weight of floor = Own weight + Floor cover + Equivalent wall load + Live
load
=(0.220%25 +15 +20 + 3.0
= 12 kN/m’
Total Weight of floor = Area * Unit weight

= (25*33-5*%15)*12
= 9000 kN/floor

Total Weight of Building, N
= No. of floors* Weight of floor + weight of walls and columns
= 10*9000+18000
= 108000 kN

Step 2 Calculation of Hy

Height of building
=9*3000.0+5000.0
=32000.0 mm
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Step 3 Calculation of a,

The lateral bracing of the building in X-direction is achieved by four walls each of
them is 5000mm*300mm

TEI, =25%10%+ %*(3{:{:) *(5000.0)° * 4)

=31.25*10"° N.mm?
N
HI

108000*10°
[#4 x=32‘:}ﬂ'ﬂ.ﬂ' —'—'—-—1-&"
31.25%10

=0.59 < 0.60 Braced Structure in X-direction

ay=Hy

Step 4 Calculation of a y

The lateral bracing of the building in Y-direction is achieved by four walls each of
them is 4000mm*300mm

S E,=25%10% %*{3{:&) *(4000.0)° * 4

= 16.0*10" N.mm?*
N
=H _—
a}. b .Efy

3

&

a},=32ﬂﬂﬂ_ﬂ‘1‘m%
16.0%10

=0.83>060 Unbraced Structure in Y-direction

N.B.

It is highly recommended not to place shear walls a long the corners of the
building, otherwise vertical loads induced due to wind or earthquake should be
included in the design of the foundation.
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Example 2

Figure 2 shows a structural plan for a 15 story residential building. The total
load at lower level is equal to 118823 kN and the floor height is equal to 3150

mm. It is required to check the bracing condition of the building in both
directions. f,,=25 N/mm®

use 6.4.2 of the E 203-2001 state t:

The building can be considered braced in one direction if Equation (6-30-a) is
satisfied for that direction

a=Hy ’Ziﬁf <06 (6.30.a)

Hy  The total height of the building above the foundation level
N Total unfactored vertical loads acting on all vertical elements

2 EI' Summation of flexural ngidity of all vertical walls in the direction under
consideration

where

Step 1 Calculation of N
Total weight of building 1s equal to 118823 kN.
Step 2 Calculation of Hy

Height of building
=15*%*3150
=47250.00 mm

Step 3 Calculation of a,
E = 4400,/ = 400025 = 22000 N /mm’
The lateral bracing of the building in X-direction is achieved by the two cores

Ty =2%216*10" mm?
S EI, =22000%{2*2.16*10"}
=95.04*10" N.mm’
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N

aI=Hb _—
El

¥

3

L]

a, =47250° {113323 I?ﬁ
95.04*10

=0.53 <0.60 Braced Structure in X-direction

Step 4 Calculation of o y

The lateral bracing of the building in Y-direction is achieved by the two cores
}_“,!J. =2+0.34*10"% mm’
> EI, =22000 x {2*0.34*10")
= 14.96*10'® N.mm*
N
a y=Hy I,
118823%10°

14.96%10'°
=1.33 > 0.60 Unbraced Structure in Y-direction

@y, =47250*
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7. SHEAR AND TORSION

7.1 Ultimate Shear Strength

Shear strength is evaluated in beams and slabs by calculating the nominal shear stress using, the
following relation:

@y =% (NI, oo ACode 4-13)
bd

where:

() is the ultimate shear force calculated at the critical section as shown in Figure (4-7) in the code.
g, is not an actual measurable siress but it represents the strength, including several
components and factors affecting the strength, at a certain limit state. Two limits are
usually recognizing the strength; a lower one 1o indicate the strength of a beam without
web reinforcement and an upper one to indicate the capacity of beam with web
reinforcement.

If the depth of the beam is variable, then the ultimate shear force is calculated using the
following relation:
M ta

0. =0+ “—dn‘gf- ............................................. (Code 4-14)
where: f is the inclination angle measured at the beam axis and tan {3 is not greater than
0.33. The minus sign in the equation refers to the case where the depth increases with the
increase of the bending moment and vice versa. The nominal shear stress is obtained using
the following relation:

g, == (N/mm)

In this section shear stresses are evaluated assuming that the shear stress resulting
from torsion al moments can be ignored, i.e. they are less than the following:

g, =0.06 Lo NS s rcsicain T (Code 4-17)
Ve
7.1.1 Maximum shear strength

The maximum shear strength is obtained using the following equation:

g, (max.)=0.70 So ERINIE )i snmmamimssnmmnnnrsmnyenes (Code 4-15)

13

but not more than 3 N/mm’
7.1.2 Concrete shear strength

Concrete strength is obtained using the following equation:

A
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g, =024 Lo T (Code 4-18)

Ye

Between the two strength limits given in Table 7.1, reinforcement may be introduced in the
form of stirrups or bent bars in addition to stirrups.

Table (7.1): Values of g, and q, (uay. (N/'mm?)

fo, (N/mm®) 20 25 30 35 40
Qe 0.88 0.98 1.07 1.16 1.24
- — 2.56 2.86 3.00 3.00 3.00

If the section is subjected to compression, concrete shear strength is increased by
multiplying qe, by the following factor:

r
" u
50 -1+D.ﬂ?——c =15 s (Code 4-19)

where P, is the axial compression force and A, is the area of the concrete section.

Table (7.2): Concrete shear strength (q., with the presence of axial cormpression force)

B Nmm? foo (N/mm?)
A
20.00 | 25.00 | 30.00 | 35.00 | 40.00
0.00 - 0.88 0.98 1.07 1.16 1.24
1.00 0.94 1.05 1.15 1.24 1.33
2.00 1.00 1.12 1.22 1.32 1.41
3.00 1.06 118 | 1.30 1.40 1.50
4.00 1.12 1.25 1.7 148 1.59
5.00 1.18 1.32 1.45 1.57 1.67
6.00 1.24 1.39 1.52 1.65 1.76
7.00 1.32 1.46 1.60 1.73 1.85
8.00 132 | 1.47 1.61 1.74 1.88
9.00 1.32 1.47 1.61 1.74 1.86
10.00 1.32 1.47 1.61 1.74 1.86
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If section is subjected to tensile force, qg, is taken=0 or the concrete shear strength can be
multiplied by the factor

P

5. =1-0.2-2. i aeseneenen(Code 4-20)
t Ac

where P, is the axial tensile force and A, is the area of the concrete section.

Table (7.3): Concrete shear strength (qe, with the presence of axial tensile force)

P N/m !I'l.'li fcu {N if‘mmz}
% 20 | 25 | a0 35 40
0 0.88 0.98 1.07 1.16 1.24
1 0.86 0.96 1.05 1.14 1.21
2 0.84 0.94 1.03 1.1 1.19
3 0.82 0.92 1.01 1.09 1.16
4 0.81 0.90 0.99 1.07 1.14
5 0.79 0.88 0.97 1.04 112
] 0.77 0.86 0.94 1.02 1.09
7 0.75 0.84 0.92 1.00 1.07
B 0.74 0.82 0.90 0.97 1.04
a 0.72 0.80 0.88 0.95 1.02
10 0.70 0.78 0.86 0.93 0.99

7.2 Design Criteria

In order to obtain a-safe section , the ultimate shear stress should be less or equal to the
maximum shear strength as follows: -

9o = Gumany
) S o Design shear reinforcement
if g,<gq, Use minimum shear reinforcement as follows:
A = by E}—“ BS oot ee et et st (Code 4-28)
¥

where A,, is the area of the vertical branches of the stirrup, s is the spacing between
stirrups and f, is the yield stress (N/mm?). Stirrups may not b less than Sd6/m’
Hain=0.15% for ordinary mild steel and p,=0.10% for high tensile steel.
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7.3 Shear Strength Of A Section Witk Shear Reinforcement

If the value of shear stress o
reinforcement should be
following forms:

I- Vertical stirrups ( perpendicular to the axis of member).
2- Inclined stirrups.

3- Perpendicular stirrups and bent bars and or inclined stirrups with an angle not less
than 30° with beam axis.

cxceeds the concrete shear strength Yeu » Special web
introduced. The web (shear) reinforcement may take one of the

un = qH g U-S qcu .................................... {Cﬂdﬂ 4'21}

where qq is the nominal shear strength, and qy, is the shear strength of the shear
remforcement.

Qou =Gsus + Qgypy oo (Code 4-24)

where g, is the strength of the vertical stirrups and g, is the strength of the bent bars,

Ultimate shear resistance of vertical stirrups.

q = A (Code 4-22)
sus s.b oy,
Where b: the width of the section weh,

As: The total area of available vertical branches of the stirrup .

— *
A‘ﬂ, n AS

Z

n  : Number of the vertical branches of the stirrup
Asp : Cross sectional area of one branch of the stirrup.
5 :Spacing of the stirrups.

* Ultimate shear resistance of inclined stirrups or bent bars with more than

one row:
A q
_slhzT sub cerriinneneen(Code 4-23)
s.h
<L (sin & + cosex)
Ys
A f
1 _—._S‘b —l'r_ i1 4
ie. 9eub = x 7. (sin & + cosax)
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A f

kil | I,
b ™ gh Sy (VD)

5

A
sb _ - 9sub
b.d
Y sina
Ys
A f
i.e. Aot ™ = x sin

Ts

f
A e 173 T
sub  b.d % 2

fi.'u
but qﬂllb <0.24 ‘?—
c

If e=45" then Qeub can be obtained by:

If a=45° then q,,, can be obtained by:

where a is the inclination angle of the bent bars or the inclined stirrups with respect to the
center line of the member, A, is the cross sectional area of the bent bars,

Ultimate shear strength in the case of one row of bent bars.

i (Code 4-26)

................................ (Code 4-27)

ECCS 203-2001-Design Aids

Shear and Torsion




Table (7-4): : Summary of Shear Equations

Design step Ultimate Strength Design Code Equation
1iShear stress 0 '
%= 0d (4-13)
2:Check g, < o) where:
'f_
Goaey = 070 =2 (N/mm?) < 3 N/mm* (@ 15)
3: Check: ) if q.,<g, <g,(max.)
shear reinforcement is required
4:Check lf q.<q
Use minimum shear reinforcement as follows:
e 2 ‘(4- 28)
J
: A miny=22p
Jy
and the percent ratio of pm, must be not less
than:
(.15 for mild steel.
0.10 for high strength deformed steel
but not less than 5@6mm/m
5: Strength of shear = e
Reinforcement Asu =qu —0:> deu {4-21)
6: Concrele shear strenpth I7 "
9 = 024,72 (N/mm’) (4-18)
T: For vertical stirrups: A S
q = 8 4-22
- xb 7, (4-22)
H:LFﬂt bent bars and inclined A f
R q =_8by ¥ (sina + cosa) (4-23)
sub b y
9: For bent bars with one Asb fy .
row sub~ bd % ?_ sin a (4-26)
10:Stirups maximum spacing | Maximum spacing of vertical stirrups:
250mm or d/2
11:Bent bars maximum spacing | Maximum spacing of bent bars sme=d
if g, <150 g, ..s_ =15d
if g, =100 g, .5 =2.0d
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7.4 Solved Examples
Examplel

Determine the required vertical stirrups for a beam section with the following data:
Beam size: 300600 mm and d=550mm
£,=25 N'mm’ & f,= 240 N/mm’
Ultimate Shear Force-250 kN

Calculation Steps:

Step 1: Find ultimate shear stress.

= Qu _ 25'["5{1(]3

= :I 2
= = = 1% P

Step 2: Compare with the maximum ultimate shear stress from table 7-1:

Since ¢, , =0.70 ";—‘“

*qy (max)=2.86 Nfmm? < 3.0 Nmm’

’

g = n.z41liz—5§ =0.98 N/mm’

& q > qgy + Then shear reinforcement is required and should be designed
Step3: Find shear stress carried by shear reinforcement

. 08 2
G, = %u -0.50cq =l.51-?=l.02 N/mm

If the shear stress is required to be resisted by vertical stirrups only , then:

f
Ly ol Y
q =4 et
sus  su 0 Yy
Loy _ Ax 240115
5 300

therefore | fﬂ =1.48
. ¥

firr.mm =E£?= Ef_ 300 = 0.5 _:ﬁ gk
s f, 240 5
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For 2 branch stirrups of diameter = 10 mm the total arca is:
A, =2%785=157 mm?

E’l= 1.48 S8=106.6 mm
5

The maximum allowable spacing of stirrups is d/2 or 250mm
Smax =550/2 or 250mm=250mm

Choose the spacing=100 mm < § ,,,

Example 2

For the section given in example 1, find the required area of bent bars if 2 branch stirrups with a
diameter = 8 mm spaced at 100 mm were chosen. For calculation purposes consider the following.
fo=25 N/mm' , f,= 240 N/mm’ , £, for bent bars = 400 N/mm® and

Ultimate Shear Force=250 kN

Calculation Steps:

Step1: find ultimate shear stress -
250*10°
=——— = 152N/ mm">
%= 300%s50 Lo

Step 2: Compage with the maximum ultimate shear stress from table 7-1 :

2
q u(max)=2.8'ﬁ N/mm < 3.0 N/'mm?®

4, =q u(max)

& 9y ~9cu « Then shear reinforcement is required and should be designed.

Qgu =y —0.5qy =1.51~%95=1.02 N/ mm?

In this example, shear reinforcement consists of vertical stirrups and bent bars.

Step 3: Find shear carried by stirrups.

_Ast  240/1,15 2*50 240/1.15

=0.696N / mm*
" 300 100 300
Step 4: Find shear strength of bent bars.
ECCS 203-2001-Design Aids Shear and Torsion
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Gow =99 T = 1.02 - 0.696=0.32 memz

this difference is carried by bent bars depending on the number of rows of bent bars

a) If more than one row of bent bars is available then:

i

;V:l: 3
=——-——(SIN&+ COSLX
{.I'Iub § *.E:I I: }

if =45 degrees and s=d=550mm then,

2

= — L1545 4 cos 45)
550 %300

h

0.32

A, =107.3  mm’

b) If only one row of bent bars is available then

=098 N/mm’

'25
- i 2
qsub =0.32<0.24 —1 3 =098 N/mm 0K

Find the area of hent bars:

Check if q, <0.24

, 400
i

- LI5S (5 45)
550*300

0.32

A, =214.6mm” Therefore Use 2 bars of ¢ 12 mm diameter.

ECCS 203-2001-Design Aids Shear and Torsion

EL



7.5 Shear Friction and Shear Resistance in Brackets and Corbels

7.5.1 Shear friction
This phenomenon is recommended for application by the code Clause 4-2-2-4 as
follows:
a- This method is to be applied when shear forces is transferred by friction, this
situation resembles the cases of construction and casting joints.
b- The concrete resistance to shear is neglected and the complete shear force transfers
through the reinforcing steel which can be calculated as follows:
I- if steel reinforcement is placed perpendicular to the shear plane:

o, N, .
A, = +— (Code 4 -35)

H {J—’) ==
Y, F.

Where; p is the shear coefficicnt given in item ( ¢ ) below.

And | N, is the force acting perpendicular to the shear plane and given (+ve) sign when
tension and (-ve) sign when compression.

. 2- if steel reinforcement is placed inclined by an angle = oy to the shear plane:

A‘r = Q. + N,

[{£] (4 sina, +cosa, )] [(%—] sine, |

(Code 4-36)

¥

c- the coefficient p can be taken as follows:
- For monolithically cast concrete u=120
- For concrete at construction or casting :
joint having surface roughness within 5mm size p=0280
- For cases similar to the above but with roughness ;
having sizes < 5mm p=0.50
- The shear stress Q,/ A, must not exceed 0.15 £,, nor 4 N/mm? where A is the area
of concrete section that resists the shear stress and £, should not exceed 400
N/mm

7.5.2 Brackets and corbels:

A bracket is a cantilever member whose length does not exceed its effective depth at
the face of the support.
a £ d

Also the total height at the end of the bracket is not less than half its height at the face of
the support.( See Code Figure (4-10))

Bracket reinforcement is divided into three types:
1- Main reinforcement.

2- Horizontal stirrups.

3- Vertical stirrups.
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1- Main reinforcement : _
Main reinforcement is calculated as the maximum value of the following:

- A, = A +4 (Code 4-37-A)
-4, = A +§1‘1¢r (Code 4-37-B)

- A = 0,037 p4
Iy

where ; |

Ay is the area of main reinforcement to resist the bending moment M.

M, = Q.a+N,(t+A-d) (Code 4-38)
where Q, is the ultimate shear force which should not be larger than:

Q, s 0151 bd but not more than (4 N/mm’) b d.

A, is the required steel area to resist the tensile force Ny

of | W (C'Ddﬂ 4-39}

and A,ris the area of steel reinforcement required to transfer the shear force by friction as:
g, Lo N (Code 4-35)
wrsty, Ly,

and p=1.2 for monolithic joints

2-Horizontal stirrups :
The area of the horizontal closed stirrups, Ay, which should be arranged within 2/3
the total height of the section in the tension zone 1s taken as:

A, = 0.50(4,-4,) (Code 4-40)

1- Vertical stirrups :
Vertical stirrups are used to resist torsional moments and should not be less than the
minimum web reinforcement of beam sections given by:

i g bea BB (Code 4-28)

¥
where A,, is the area of the vertical branches of the stirrup, s is the spacing between
stirrups and f, is the yield stress (N/mm?®), Stirrups may not be less than 5¢ 6/m'’

««=0.15% for ordinary mild steel and p,,;,=0.10% for high tensile steel.
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7.5.3 Design example
Example 3

data:
Bracket size: 250*800 mm
£, =25 N/mm?
Ultimate Load=300 kN
f,= 240 N/ mm’

and d=750mm

Determine the required reinforcement for the bracket shown in

figure with the following

|
=
e >
0

o

500

~ [s00,
—

Step 1: Check the bracket dimensions:
d=750mm> a (450mm)

Step 2: Check the ultimate shear friction value:

f:f < 0151, but not more than 4 N/mm?
J00*1000
————=16< 0.15%*25=375 0K

250* 750

Step 3:Area of main reinforcement:
There are three equations to be evaluated;

g

M. =

O,.a =3C"* 45=135kN.m
M

I7 (d-al2)f, Iy,

where a is the height of the equivalent stress block

4-37-a)
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M, =067 ba(d-al2)
J:

M, =135%10° = ﬂ.ﬁ?%lﬁﬂ.ﬂ.{?ﬁﬂ—a!?]
a=675nmm <0.14d,take a=0.10d=75 mm

s
.'Lr = Lo .=907.9 mm*
(750-75/2).240/1.15
A =00
Then A,=0.0+907.9 = 907.9 mm° from (Code 4-37-a)

The second equation is that of the Code ( 4-37-b)

L4

- A = A_+3A
3

0, N, 300*1000

=+ =
#fyf?r, fyf?rl 11 [E]
1.15

Ay = +0=1197.9 mm’ (Code 4-35)

then A,=0+2/3*1197.9=799 mm"*

the third equation is :
I 25 ;
<A = 0034 pd =0,03=2250%750 = 585.9mm
4 f 240 -

¥

The maximum main reinforcement area is cbtained from the first equation
Then:

A=9079mm’ Used4® 18 mm

Step 4: Find the area of the horizontal stirrups, as calculated using Code Eq. (4-40):
A, = 0.50(4, — 4,) = 0.50(907.9 - 0) = 453.95 mm’

This area is to be distributed over 2/3 of the effective depth,
Distance=2/3*750=500.0mm

Choose closed stirrups with diameter=10mm (two branches) spaced at 250 mm

The available area=78.5%2*(500/250+1)=471 mm*> 453.95 mm* ( O.K.)

Step 5: Find the area of the vertical stirrups.
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0.4 0.4
J{u =Fmb5="}—b3 = 'Z—E‘ZSH‘EM—_-E;,SMHII

¥
Choose vertical stirrups with diameter=8mm (two branches) spaced at 200mm

" The available area=50*2=100mm>83.3mm’ ( 0.K.)

450 4¢5 18

=00

800
\Vf—""‘——'
/

(4]
.
| %

L

W

®

o |

3 |

o |

h @ 250mm

vertical sl 98Bmm @ ROOmm

Reinforcement details
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7.6 Ultimate Torsion Strength

The critical section for torsion is at one of the following

- Atsection of maximum M,

- If M max 15 at the support , then the critical section is at distance d/2 from the face of
the support

7.6.1 Nominal shear stress due to torsion

For reclangular section

u
= = FENEER N R @ R AR RS R SRR R E RS B B RS R R R R RS R mEE R EESEE - d 4-4?
T = 2ar ( Code 4-47)
A, =0854,

;A
A

(4

Mﬂl
1.74%1,

Ju =

Note:

1- Where Ao is the arca bounded by the lateral outermost reinforcement that is resisting
torsional moment. In the cases where there is no precise method for calculating A, the
value of A, can be taken equal to (0.85 Ay, ) where Ay is the area bounded by the lateral
outermost reinforcement that is resisting torsional moment, and te = A, / P;, where P, is
the length of the perimeter of the lateral outermost reinforcement that resisted torsional
moments.

2- If the actual thickness of the wall of the hollow section is less than Ay, / Py , then the
actual wall thickness should be used in Eq.(Code 4-47).

For T & I. sections:

a) The effective part of the slab may be neglected ( i.e. section is treated as rectangular
section)

b) Ifthe effective part of the slab is considered , it must not exceed three times the slab
thickness on each side , and the shear stress is calculated according to the following
equation:

M

24,1,
Where (24,7, ) represents the areas of the section within the shear path {See hatched
areas in Code Fig. (4-11-a & Fig.(4-11-b)}.

Fe =

Important note:

When considering the effective slab part in calculating q, ,then the slab must provided
by web reinforcement to resist torsion .
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The effect of torsional moment may be neglected, if the resulting shear stress due to torsion
isdess than the following value:

Gurmin =0.06 /1, /7. N/mMmM? .ovvviirieeeeeieeeeeeeee o {Code 4-17)

If Qu > Qu min , the designer has to calculate the steel reinforcement to resist torsion
stresses

7.6.2 Maximum shear strength

If the section is subjected to torsional moment only or shear force only :Then, the shear
stress (q , or q,) must be less than maximum shear stress

Where, maximum shear stress ( q nmax0r g i) ) = 0T L 7 N/mm?

If the section is subjected to torsional moment and shear force

Qu (torsion) < g, (max)=0.75,,/f. /7. N/mm’ (Code 4-48-a)
qQu (shear) < g, (max)=0.75,\/7. /7. N/mm’ (Code 4-48-b)

where & and 8; are defined as follows

For rectangular sections

1
T i c— (Code 4-49-7)
t \l'%iﬂqufqm}?}

5 = s (Code 4-49-b)
S1 +(q./9.)7}

For box sections

1
6. = i
" s 7. : (Code 4-49-c)

1

6, = (Code 4-49-d)
Bl ii+~q—*"7

1.7 Torsion reinforcement

Ifqwmni< Q0 <€ Qwm torsion reinforcement (Closed stirrups and longitudinal
reinforcement) must be calculated and used to resist torsional moment. This reinforcement
is added to flexural and shear reinforcement as in the following table.

Table (7-5):Stirrups Reinforcement for combined Shear and Torsion

Qo < pa(min) 9~ 9 w(min)
Je<"(a Use min. shear reinforcement Provide reinforcement to resist q g
according to Eq.(Code 4-22) =
Qu” Qe Provide reinforcement for Provide reinforcement. to resist
(Qu.g./2) Qu & (qu-Ga/?)
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1-Closed stirrups resisting torsion
f :
Agte =My 51> Yot 2A_) weoveisseiusnermssssnssssssssssssssess ] G0l 4-50)
Ys

where A, = 0.85 A, in the case of a rectangular section the above equation is replaced by
the following equation:

Agp =M, s/1.7X If’(-—»—} ............................................. ( Code 4-51)
The spacing between clcrscd stirrups should not exceed 200mm nor Py, /8.

2-longitudinal reinforcement ( A,) resisting torsion
f

t
Asl={AS#pkfs}(m33{:T) e evereeeeeeeseeeenn( Code 4-53-2)
But not less than,
: 046 |Teu 4
‘ y, @ foat
Aslmmr- 7 {Aﬂrph.-’s}(f Y cvere----.(Code 4-53-b)
y y

Where A, the total area of the section including the area of the openings and the value of
A, b

—= must not be less l —_—
5 f,
This lﬁng;tudmal reinforcement must be distributed along the stirrups perimeter so that,
- spacing between bars < 30 cm , with min. of one bar at each comer
- the min. bar diameter (¢ i) = 12 mm or (stirrups spacing (S) / 15)
- A, is added to flexural longitudinal reinforcement resisting B.M.
- Torsion reinforcement must be extended after their theoretical end points
by a distance > half stirrups perimeter.

7.8 General Recommendations Regarding Web Reinforcement

a-The stirrups required for resisting torsional moment and shearing force should not be less
than that recommended by the following equation:-

ZAm_ +4,, =0.35(s ..!J)fjrE ............................................... ( Code 4-52)
8
Where A ., & A ., are one branch area of torsion stirrups and shear stirrups respectively

b- Maximum spacing of vertical stirrups=200mm or P,/8

c- In sections with stirrups having more than two branches . The outer two branches are the
only ones resisting torsional moments .
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1-Closed stirrups resisting torsion
f :
Agte =My 51> Yot 2A_) weoveisseiusnermssssnssssssssssssssess ] G0l 4-50)
Ys

where A, = 0.85 A, in the case of a rectangular section the above equation is replaced by
the following equation:

Agp =M, s/1.7X If’(-—»—} ............................................. ( Code 4-51)
The spacing between clcrscd stirrups should not exceed 200mm nor Py, /8.

2-longitudinal reinforcement ( A,) resisting torsion
f

t
Asl={AS#pkfs}(m33{:T) e evereeeeeeeseeeenn( Code 4-53-2)
But not less than,
: 046 |Teu 4
‘ y, @ foat
Aslmmr- 7 {Aﬂrph.-’s}(f Y cvere----.(Code 4-53-b)
y y

Where A, the total area of the section including the area of the openings and the value of
A, b

—= must not be less l —_—
5 f,
This lﬁng;tudmal reinforcement must be distributed along the stirrups perimeter so that,
- spacing between bars < 30 cm , with min. of one bar at each comer
- the min. bar diameter (¢ i) = 12 mm or (stirrups spacing (S) / 15)
- A, is added to flexural longitudinal reinforcement resisting B.M.
- Torsion reinforcement must be extended after their theoretical end points
by a distance > half stirrups perimeter.

7.8 General Recommendations Regarding Web Reinforcement

a-The stirrups required for resisting torsional moment and shearing force should not be less
than that recommended by the following equation:-

ZAm_ +4,, =0.35(s ..!J)fjrE ............................................... ( Code 4-52)
8
Where A ., & A ., are one branch area of torsion stirrups and shear stirrups respectively

b- Maximum spacing of vertical stirrups=200mm or P,/8

c- In sections with stirrups having more than two branches . The outer two branches are the
only ones resisting torsional moments .
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d- For box sections , it is allowed to use the transverse and longitudinal reinforcement at
the outer and inner perimeter of the section for resisting torsional moment , as long as web
thickness t, < section width/6 but if the two web’s thickness is greater than this limits, the
torsional moment is resisted only by the reinforcement exiting at the outer perimeter only.

e- For statically indeterminate structures where torsional moment is not necessarily
required for equilibrium and produced torsion due to strain compatibility. The
ultimate torsional moment can be reduced to the following value:

M_:ﬂ.stﬁ(}‘f;-} fa

e V7Ve
Where A, is the total area of the section including the opening if found and the P; is the
external parameter

In this case redistribution of bending and shear is required .

N.B:
Torsion calculations in working stress method are the same in ultimate stress method that
the_shear strength are q . and q 7 instead 0f q 1o, A0d q g (max) TESPECtively.
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Table (7-6): Summary of Design Equations for Combined Shear and Torsion

Item

Ultimate Strength Design

Code Equation

(4-13)

(4.47)

St i = (.06 f{-‘ﬂ' "F?;‘ N/mm

q. =024.1 1y, N/mm®

@-17)
(4-18)

g,,(max)=0.75, Va7,
g,(max) =0.78,/f, /y., Nmm’

(4-48 a&eb)

For solid sections :

5. = 1
f +(q, /9.)"}

1
5 . = — - =
si Ji+@./a.))

(4-49 a&b)

For box sections:
1
5. = ,
U gy
. I
5, = —
sl {1+ Iy

(4-49 c&d)

Area of closed stirrups:

f
_ yst
Astr = Mm_w'{-——h EAO)
in case of rectangular section

Aw = Mm's"r{ljxlrl(rrm 'rra }}

(4-508)

(4-501)

Minimum area of stirrups for shear and torsion is

given by: ;
yst
ZHEH + A_“ 2 0.35(s .b)f—}rs—

(4-52)

ECCS 203-2001-Design Aids

Shear and Torsion

7-19




Maximum spacing s of vertical stirrups=200mm or

P8
9 T t
2 ap ye 53+
Aal_{‘{srr‘r"h“}( I ) (4-53- a)
f
0.46 | <% 4
: e = 'yt 4-53-b
Aslmm = 7 _{A.\‘Irph .I"S}I:?) (4-53-b)
y g
W M, =0316(4," /P, WF. /7. (4-54)
4 C=p'm (4-55)

n=10.70 for rectangular sections before cracking in
which g, produced by twisting moment not more

thang, = 03164/ 1, /7.

n=10.2 for rectangular section after cracking.
B = parameter depending on (Ub) ratio to be taken
from Table (4-6).

Table (7-7) Values of parameter g for calculating torsional stiffness

T/ | 1,5 2 3 3 >3

B 0.14 0.20 0.23 026 [ 09 0.33

For calculating the stiffness for(L) and (T) sections, divide section to rectangular sections
and calculate the torsional stiffness as summation for the stiff nesses of rectangular
sections.
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Example- 4. 0.50 0.50

| |
Given: E
Mm—l?ﬂrm—ﬂﬂ[}hﬁm 0.40
foo=300 kg'\em® = 30 Nlim® ’
£ = f,=4000 kg \ em® =400 Nlmm?
Calculate: Required section reinforcement. 0.50
Calculation steps:
\\\ a-Cross section and dimensions
b-Aan
Step — 1 calculate the shear stress due to torsion
L] _ Hﬂ
L[ 24,1,
. A, = 0.85 Ay, to= Ano / Py
Assume concrete cover =40mm &  diameter of stirrups = 16 mm
Aa =[50-2x4 - 1.6][90-2x4 - 1.6]
+[50—4—(1.6/2)][40-2 x4—1.6])=4622.24 cm*® =462224 mm’
A, =0.85Aoh =0.85 x 4622.24 =3928.9 cm’ =392890 mm’
=(100-2x4-1.6)+(40-2x4-16)+(50-4-1.6/2)
+(504—~1.6/2)+(50-2x4-16)
+(90—4-16) = 336.8cm = 3368 mm
tt =An/Py=462224/3368=13.72 cm = 137.2mm < lacom = 200 mm OK
G = 27 x 10°/2 % 39289 x 13.72
= 25.04 kg /cm®
=2504 N/mm’
Step—2 Shear stress due to torsion that causes cracking
ECCS 203-2001-Design Aids Shear and Torsion
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Qumia = 0.06 V£, /e = 0.268 N/mm
=2.68 kg/cm
Qe 9 wmin Design for torsion should be considered and G must be less than Qg

Step — 3 design for torsion

3 =1 check the adequacy of the concrete dimension
Since the shear force = 0,0 (Case of pure torsion )
’B;j ={) i & =1.0

Qi (max)= 0.70 8 V £y ye=3.13 N/mm?® > 3 N/mm?

=3.0 N/mm*
SINCC Gu = Qu (maxy therefor concrete dimensions are adequate.

3 -2 Design for torsion reinforcement,
3- 2-1 Stirrups.

Agr =My, S/ (24, (fyufys )

Ag /S =0.099 em 50 18
Using stirrups diameter of q 12mm spaced 10 cm 20 14
Agr=0.099 x 10 =0.99 ¢
3.2-2 Longitudinal steel s
fyst 20 14
Ag =145y Py 15K ], ) 3018
=10.099 x 336.8 = 33.3 cm’ Reinforcement Details
inforcemen
J clu
0.46 ——ACF ¢
' }(c yst .
Aslmm- 7 ~{Amph f’s}(—}T)

y
= 3085 - 3407 = -322mm’ < Ay =3380mm’ required

The chosen longitudinal steel is symmetrically distributed around the section
perimeter as shown in the given reinforcement of the section.

N.B.: The required area of longitudinal reinforcement for torsion has to be added to
that needed for flexure steel if required.
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Example 5.

Given:

foy = 35 N/mm? =350 kg/ cm? and f, = 400 N/mm® =4000 kg/ e, f,5=400 N/mm’
Concrete dimensions are shown and concrete cover = 40mm
Mwp = 1500 kN.m

Required: Torsional section reinforcement.

40 16 10 ¢ 16 4 o168

_" E_I_'_'I' w w w 'i
- !

b8 |18 018 Bo16
y 109 18 "

41]5‘ m%_,dgiﬁ

Calculation steps:

Step — 1 calculate the shear stress due to torsion
M

q"—__."_

T 24,
Ao = (180 -2x4-1.3)(125-2x4~1.3)
= 19750.0cm®= 1975000 mm’
A, =085 Ag
=16787.5 cm®* = 1678750 mm’
Po =2[(180-2x4-13)+(125-2x4-1.3] = 5728cm = 5728 mm
te =Ap/Py
=3448cm =344.8 mm
local = te — 1. =20cm =200 mm
aw =1500 10° /(2 1678750 20)
=2233 N/mm’ =2233 kglem’
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Step — 2 Shear stress due to applied torsion > shear stress that causes cracking
35
+ Qumin =0.06 Jﬁ =0.289 N/ mm*

Grs = Gumin (design for torsion stresses is required) and g, must be less than Qrumax

Step — 3 Design for torsion

3~ 1 check the adequacy of the concrete dimension

G eima) ={].?ﬂ.1l Jo <3 N/mm?
Since the shear stress =0.0
s =00 & =1.0

Qumax = 3 N/mm?
Gu < 9u max) —* concrete dimensions are adequate.

3-2 Design for torsion reinforcement
3 —2 -1 Stirrups

Asr = M, 8/ (24, (f1s )
Agels= 128 cm

for s= 10.0 cm, Aw=1.28 em’, take ¢ = 13mm
3 — 2 - 2 Longitudinal Reinforcement,

Asl = A {pha"s]f,,u"i}

=0.128 x 572.8 = 73.3 cm?
Choose (36 ¢ 16 +12 ¢ 16) =96 cm?

0.46 [Leu 4
a :'Irc G f}"ﬁt
A min = ~{4g, Py 13 (=—)
L 5

= 12498.72 - 733184 = 5167 mm® < Ay required =733) mm® ok

This amount of longitudinal steel , Ay , has to be distributed uniformly along the section

perimeter with maximum spacing between bars = 300 mm .

ECCS 203-2001-Design Aids Shear and Torsion
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' Design Example-6 .

VI

-
L
\SJ
o W&
3 W= -ré'@&\
o YA
#H
| 225 | 225

Given a cross section of a precast beam of dimensions 450mm x 650mm. A circular opening of diameter
150 mm has to be provided at the location shown. Design the beam to resist an ultimate moment of 68.0
KN m according to the following data:

fou= 25 N/mm®
= fy= 360 N/mm’

calculation steps:

Step 1: Determine cross-sectional parameters
The cross-sectional parameters for torsion design are Acn and Py,
P,=2(450-2%40)+2(650-2*40)=1880 mm

A.,.,:(atsn-1=4ﬂ][55:::-2*4:})=21u9nnmm°

Step 2: Calculate the shear stresses due to torsion

Nominal ultimate shear stress due to torsion
3 MH
24,1,
For solid sections, the area enclosed by shear flow path, Agy and the thickness of the
equivalent thin walled tube, t., can be calculated from:
A, = 0.85 Ay,

qu

1= ii_“"— = EEC—' =112mm
P, 1880
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Note: Due to the existence of the opening, the minimum thickness of the section at the location of
the opening is equal to

450-150
min = ———— = 150mm
: A, I -
Since (1, = - )< 150mm, the nominal ultimate shear stress due to torsion is:
&
M,
q' =
" 174, 1P,

- L
298000 1 canpnt 010600
1.7(210900° /1880) ¥

(We have to consider torsion in design)

Step 3: Check the adequacy of the concrete dimensions

e
Ye
(Note that since the section is subjected to pure torsion, 5,=1.0 and , 6,=0.0)

25 - 1
Q‘“M = 0.70 -1—5 = 286N /mm <3.0N/mm

Since g, .49, . concrete dimensions of the section are adequate, but torsional reinforcement is
required.

G iy = 0.70

Step 4: Design of transverse reinforcement

The amount of closed stirrups required to resist the torsion is:

Aﬂf Mll.r

s (L7Ag (F077,)

*10%
Ao _ oy = 0.606mm* | mm
s (1.7(210900%360 /1.15)
: . ; ; P, 1880
Maximum spacing between stirrups is the smailer of 200mm nnd(—E— e 235mm )
For a spacing between stirrups Of 200mm, the required are of one leg of closed stirrups is:
A, =121mm’
Choose closed stirrups of l]mm(arta*lﬂmmzj@!ﬂﬂmm.
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Step 5 — Design of longitudinal reinforcement.

t
Ay ={Amphfs}(}'f )= 0.606x1880 =1139.28 mm2

f
046 [£4 4
Y cp f
A mm = €

= _yst
sl f gy Py /53 f
y ¥
= 152582 - 113928 =386.54 mm’ < Ay OK

Choose 12 @ 13 symmetrically distributed around the section
Note: Reinforcement around the opening is not shown

@ 13 @ 200 ciosed stirrups

3

35 235 13 @ 200 internal stirrups (for shear)
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Example 7;

fa =30 N/mm®
f, = 360 N/mm’
106 KN & M, =56kNm

f,
Qu

Step — 1 Calculation of shear and torsion stressas.

Neglect slab contribution

X, =30-2%x 45 =210¢m
Y1 =90-2x 45 =810cm
Am =21.0 x 81.0 =1701.0 cm?
A, =085 Ay =144585cm’
P, =204cm & te=Ay/ Py=834cm
qu =Mu/2A:t,
=232 N/mm?
= 23.22 kg /om?
Qu =Qu/bd
_106*10"
300*850

=0416 N/ mm* =4.16 kg / cm®
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Step —2 Check for the adequacy of the section dimensions

6, = : —— = (.984
t1 .J{l +(q, /g, )
|

i) -=0.176

i Jit@, /g

Qu (mexy = 0.70 &y Vi lye =3 N/mm®
=30 N/mm = 30, kg/em’

0.70 8y ¥ fu My

0.0.55N / mm’

55kg/cem?

Qru (max)

nnu

Since

Qu < Qw (max)

Qo < Qou (max)

Therefore, concrete dimensions are adequate

Step — 3 Check for the need for shear and torsion reinforcement

Since , Qu @ Qumin =0.06 Vfw /¥ , then we need to satisfy torsion requirement .

Since contribution of concrete to torsion  =0.0
*& contribution of concrete to shear = gey Where
q. =¢124J% =1.07 N/mm’
& Since gy < Qu , then we do not need shear reinforcement in this case .

4 - Design of reinforcement
4 -1 Stirrups.

Ae =Mu. s /1.7 (x1y1) (Fu/ye )]
A /8 = 56x 10% 1.7 x 210 x 810x 360 /1.15]=0.06 mm

Choose stirrups of diameter ¢ 13 mm with spacing s=22.0 cm. Take 5=20.0cm

A
g:ﬂbzﬂj{;;u,un .<.A£ ok

5 i 360 s
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4- 2 longitudinal reinforcement
Aﬂ= Agr ph-"lﬁt ﬂ,--l'l rvq :|'

=0.06%204 x 1.0= 1224 cm*

0.46 f': Acp ¢
: Ye
oy & 4 yst
Aslmm 7 { Hrphfa}(f—
w -}fl |.|‘|
= 1542.88- 1262 = 28088 mm’ < Ay required ......

0.k
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8. LIMIT STATE OF CRACKING
8.1 General

Reinforced concrete structures can be categorized according to there exposure to
environmental cffects as given in the following table

Table (8-1): Categories of Structures According to Exposure of Concrete Tension
Surface to Environmental Effects

Category Degree of exposure to environmental effects

One Structures with protected tension side such as

a) All protected internal members of ordinary buildings.

b) Permanently submerged members in water (without harmful
materials) or members permanently dry.

¢) Well isolated roofs against moisturc and rains.

Two Structures with unprotected tension side, such as: ;

a) Structures in open air, e.g. bridges and roofs without good
msulation.

b) Structures of category one built nearbv seashores.

¢) Structures subjected to humidity such as open halls, sheds and

parages.

Three Structures with severely exposed tension side, such as:

a) Members with high exposure to humidity.

b) Members exposed to repeated saturation with moisture.

c) Water tanks.

d) Structures subjected to vapour, gases or weak chemical
attacks.

Four Structures with tension side very severely exposed 1o corrosive
' influences of strong chemical attacks which cause rusting of steel
a) Structures subjected to conditions resulting in rust of steel
such as gases and vapour including chemicals.
v} Other tanks, sewerage, Structures subjected to seawater.
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8.2 Satisfaction of Cracking Limit State

When designing reinforced concrete structures, one should fulfil the following relation:
Wi =B.5pm E5m

S —(50 +025K K9 iJ
Pr
f LY
e==*1-4 B, (iJ
IE‘.'I' f&'
with the values of W less than or equal to the values Wi, given in Table (8-2):
Table (3-2)Values of Wi
Category One Two | Three Four
Wimax) 0.3 0.2 | 0.15 0.1
where

P = Coefficient that relates the average crack width to the design crack width, It
shall be taken as follows:

1.7 For cracks induced due to loading
1.3 For cracks induced due to restraining the deformation in cross sections
having a width or depth (whichever smaller) less than 300mm.

1.7 For cracks induced due to restraining the deformation in cross
sections having a width or depth (whichever smaller) more than
&§00mm.

For cross sections having a width or depth (whichever smaller) between value
300mm and 800mm, the coefficient B shall be propertionally calculated.
& = Bar diameter in mm. In case of using more than one diameter in the cross
section, the average diameter shall be used.

P1 = A coefficient that reflects the bond properties of the reinforcing steel It shall be
taken equal to 0.8 for deformed bars and 0.5 for smooth bars.

P2 = A Coefficient that takes into account the duration of loading. It shall be taken
equal to 1.0 for short term loading and 0.50 for long term loading or cyclic loading.

ki = A Coefficient that reflects the type of sieel of the reinforcing bars. It shall be
taken equal to 0.8 for deformed bars and 1 6 for smooth bars.
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In case of members subjected to imposed deformation, the values of k) shall be
modified to kk; where the value of k is taken as follows:

a) k=080 for the case in which the tensile stresses are induced due to restraining the
deformation. For rectangular cross section, the value of’k i5 taken as follows:

k=08 for rectangular section having thickness = 300 mm.
k=0.50 for rectangular sections having thickness < 800 mm.

b) k=1.0 for cases in which the tensile stresses are induced due to restraint of
extrinsic deformation.

k; = Coefficient that reflects the strain distribution over the cross section subjection.
It shall be taken equal to 05 for sections subjected to pure bending and 1.D for
sections subjected to . pure axial tension. For section subjected 1o combined bending
and axial tension, k; shall be calculated from:

Where &, and g, are the maximum and minimum strain values to which the section 18
subjected, and shall be calculated based on the analysis of a cracked section.
pr — effective tension reinforcement ratio.

A
Pr= £
Ace f
where
A, = area of longitudinal tension stee! within the effective tension area

A ™ area of effective concrete section in tension.
= width of the section * ter
Leef can be calculated according to Fig. (4.22) of ECCS 203-2001.

fs = stress in longitudinal steel at the tension zone, calculated based on the
analysis of cracked section under permanent loads.

f.  =stress in longitudinal steel at the tension zone, calculated based on the analysis
of cracked section due to loads causing first cracking.
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Table (8-3) Working Stresses for Reinforcing Steel and Coefficients of reducing Bar

Stresses [i,

Reduction factor

£ (N s Category Category Categorics
—— | B one two three & four
| 36/52 40/60 Largest Bar diameter (§ma) in mm
220 1 00 0.92 18 12 8
200 0.93 083 22 16 10
180 085 0.75 25 20 12
160 0.75 067 32 22 18
140 0.65 0.58 -- 25 22
120 0.56 0.50 = = 28 |
Table (8-4) Minimum Concrete Cover (mm)
All elements except slabs Walls & Solid slabs
Category .
fouw =25 MPa fou > 25 MPa fou <25 MPa foo =25 MPa
One 25 20 20 20 ]
Two 30 25 25 20
Three 35 30 30 25
[ Four 45 40 40 35
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8.3 Liquid Containing Structures

Liquid containing structures should be designed as

non-cracked sections. In these

structures the tensile stresses induced by loading should be less than ferr /17, ie:

S =l vy +fc=cm]‘="{f‘

where

fr= the cracking strength of concrete and is given by the following equation

fl:l'r =0.6 fﬂ mem’

faqy= the tensile stresses due to axial tension foyce (negative sign is used for compressive

stresses).

fapwy = tensile stresses due to bending moment.
n = a coefficient that depends on the virtual thickness of the section and can be

obtained from table (8-5)
n The virtual thickness, t,

where t is the thickness of the section

Jeew)

fcl{M)

Table (8-5)Values of the CoefTicient 1y

)

Virtual thickness, t, (mm) Coefficient n
Smaller than or equal to 100 1.00
200 1 1.30
400 1.60
Greater than or equal to 600 1.70
ECCS 203-2001 Design Aids Cracking Limit State
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Application Of Equation (4-66) 203-2001

Design Description Code
Step Reference
Step1 | Calculate the value of fetr & cracking moment My, of the | Equation (4-64)
section. If the section is to be designed as a water tight
section; then equation (4-69) must be satisfied.
Step2 | Calculate the cross sectional parameters, depth of neutral
axis (c) and moment of inertia (Ier)
Step3 | Calculate the value of steel stress at first crack fy,
Step4 | Calculate the value of the effective depth of the tensile Fig. (4-22)
area leer.
Step5 [ Calculate the value of the effective tensile area of the
concrete section Acer.
Step& | Determine the value of the maximum allowed value of Table (8-2)
@y according to category of section.
Step7 | Determine the value of ky & B, according to type of steel. | Equation (4-66)
Step 8 | Determine the value of f; according to period of loading. | Equation (4-66)
Step® | Determine the value of k; according to kind of loading on | Equation (4-66)
section.
Step 10 | Solve the second degree equation to determine the value
of allowed steel stress corresponding to each bar Equation (4-66)
diameter.

ECCS 203-2001 Design Aids

Cracking Limit State

B-0




8.4 Examples

Example 1:

F:gure {1} shows a m:tinn ina rﬂnfnrccd contreh water tank snbjectad to

Step 1: Determine the concrete d:mensinn; of the section to satisfy stage I (Uncracked
section) : ’

M, =1.40* 70 =98 kN.m
N,=1.40%100=140kN [codeEqg. (3-3)]

Assuming t =550 mm

fu(N) = N/A.
= 100*10°/1000*550

=0.182 MPa

f.4(M) = 6M/bt?
= 6*70*10%/1000*550"
=139 MPa
ty = t{ 1 +fu(N)/f(M) } [code Eq. (4-69)]

=550 * {1+0.182/1.39}
=622 mm

n= 17 [code Table (4-16))

foo = 0.60 V/eu [code Eq. (4-64))
fuu = 0,60 V30
=328 MPa

fou/m=3.28/1.7
=1.93 MPa

fo=N/A.+M*Y/]
= 100*10°/1000*550 + 6*70*10%/1000*550°

= 0.i82+1.39
= 1.572 MPa < fu/n = 1.93 MPa OK.

Step 2: Determine the steel reinforcement according to stage 1l (cracked section)
d =1~ (clear cover + ¢/2)

d= 550 —(25+16/2)
=517 mm
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M, =98.0kNm
Ny = 140 kN

¢ = MJ/N,
=98/ 140
=0 T70m
=700 mm

e.=e =12 + cover
=700 - 550/2 + (25 +16/2)
=458 mm

M. = N,*%e,
= 140*458
=64.12 kN.m

For high tensile steel & ¢ = 16 mm ... . Be =075 [code Table (4-15)]

- Msn Nn
A,— - +
ﬂcr'fy'!“f ﬁr_‘r‘fy‘r?’,
d'=¢.‘1 M”
5* fu
&
: 64.12*10
51T =0y ————
Y 7000%30
cl=11.18 e/d < (c/d)min
take c/d=0125  j=0.826
64.12+10% " 140*103
A, = 0.75*360*0.B26*517 0.75*380/1.15
= 556 + 506
= 1152 mm? Use 6 ¢ 16/m’
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Example 2:

Figure (2) shows asectionina reinforced concrete raft (categorized as category I) of
thickness 800 mm that is subjected to a working bending moment of 643 kN.m (hogging
moment) f o= 30 N/mm’, f,= 360 N/mm’

Step 1: Design the reinforcement to satisfy Stage 2 (cracked section)

-Minimum clear cover = 40.0 mm
*Ultimate Moment = Ultimate Factor * working Bending Moment
Assuming ultimate factor = 1.5 (clause 3.2.1.1b.2)
Ultimate Moment = 1.5 * 643.0 =964.5 kN.m
*Depth, d = total thickness — clear cover - &2
d=800-40-32/2
=744 0 mm

"M..=R"‘~f£b*d“

2
0
964.5*]06=R‘-13—5"10ﬂﬂ"?4d2

*From design charts with [, =360 N/mm? , for R=0.087....u=0.00608
A, = p* b*d
A, = 0.00608*1000*744.0
= 4520 mm’
using 6 ¢ 32

Step 2: Check the satisfaction of Equation (4-66 ECCS 203-2001)
2.1 Calculation of depth of neutral axis, ¢

The first moment of area about the neutral axis must be equal to zero assuming n=15
S=0
b*c/2=n*A.*(dc)
1000 * ¢3/2= 15 * (6*800.0)*(744-c)
solving the quadratic equation of c
The depth of the neutral axis from the extreme compression fiber, ¢ = 263.14 mm

2.2 Calculation of cracked moment of inertia, 1 .,

3
[y =h ‘-1—+r.- * 4, *(d—c)?

263.14°

=1000* +15%4800.0%(744.0-263.14)> =2272*10° mm*
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2.3 Calculation of Steel stresses f

fy =n* Fo4d=0)
or
*1n0
=15-§—732-}%*{744.0—253.14}

=204.13 MPa

2.4 Calculation of Cracking Limit Stress fu,

Serr =0.60*/ oy
=0.60*./30
=328 MFa

2.5 Calculation of Cracking Moment A _

1y
Y
1 3
l[,=—%*h*;

£ 12

Mcr =fﬂr .

=L +1000*200°
12

=42.66*10° mm*

M. = 309422662107
s 800/2

=349 81 kN-m

2.6 Calculation of Steel Stress f_
For n=10 ¢=223.53 mm L. = 16,72*10° mm®

- =”*££r_*{d_f}

or
349 81*10°
16.72*10°
=108.89 AfPa

=10* *(744.0-223.53)
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2.7 Calculation of p,

Pr= AN
Awf
Acer = b* teer
T cer = 2.5 (clear covertd/2)
= 2.50%(40+32/2)
= 140.0 mm < (t-c)/3 ok
_ 678000
P r =1000*140.0
=0.03428

2.8 Choice of other parameters appearing in Eq. (4-66) ECCS 203-2001

k; = 0.80 for deformed bars
kz = 0.50 for simple bending

By =080 for deformed bars
Ba=1.0 for short term loading
B = 1.70 for cracking due to loads

2.9 Application of Egq. (4-66) ECCS 203-2001

Wi =B.5rm £5m

5 =[5{1+u_25k. k, i)

r

2
Sm =§—[l -A ﬁz(%)
¥ X

32 :
= ] & ] & _5{]-
Srm (Sﬂ-t-f.'l 25*0.80*0 0_03423]

5 =14335mm

2
_204.13 «1 nel 108.89
Esm—ztlﬂs []-ﬂ.ﬁﬂ 1.0 [2{”_13] ]

= 0.000788

wi =1.70*143.35* 0.000788
wE =0.192 mm < 0,30 mm OK.
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Example 3;: Beam between two Structural Walls

Figure (3) shows a reinforced concrete heam that is spanning between two structural
walls. The unfactored bending moments and normal forces due to loads and restrained
deformations are 89 kN.m and 350 kN, respectively. The factored bending moments and

normal forces due to loads and restrained detormations are 100 kN.m and 392 kN,
respectively.

Step 1: Desizn the reinforcement to satisfy Stage 2 (cracked section)

Cross section of beam = 300* 700 mm®

&= M/N,

= 100.0/392.0

= {.255m

=255 mm <t/2=350mm .. __ _ eccentric tension force

e =t/2 — e - cover
=350 -255-41 (Assuming that cover = 41.0 mm)
= 54 mm

g3 = U2 + e — cover
=350 + 255 - 41
= 564 mm

N _*e
Ay, =—2)(1 [
71 d—dl {fy ?’;)

_392.0*%10° *564
T 659-41
= 1143.0 mm* Use3 ¢ 22

/(36011 15)

N *e
A, ==2 58y
{4 d—dl (fy ?:)

=10+
4, = 3R0NOS40, g
659 - 41

109.0 mm® Use2 ¢ 10

Step 2: Check the satisfaction of Equation (4-66 ECCS 203-2001)

2.1 Calculation of the steel stress p

ECCS 203-2001 Design Aids Cracking Limit State
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350.0*10° * 564

659 — 41
= 279 45 MPa

/1140.0

2.2 Calculation of Steel Stress I,
2.2.1 Calculation of Cracking Tension Force N

In order to find the steel stress fy, one has to calculate the combination M, and
Ngy that result in first cracking of the section. It should be clear that one has to

assume that the eccentricity of the tension force will be unchanged during the history
of loading.

Torr =0.60%[foy 17
=0.60*/25/1.70
=1.76 MPa

Ner [ 6%Moy
+
A p*?

Jer=

6*e
h*1?
1, 6%255
00*700 300*700?

1
ferr =Ncr(3,_r+

1.760 = H;lO"(j
N.=116.0kN

2.2.2 Steel Stress [

. N *es2
for =——=1 45
e +€52

_ 116.0*10° * 564
54 + 564

f1143.0

= 02.62 MPa
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2.3 Calculation of p,

¥

_ A
pr_-écef
A-uf=h*tmr

teer = 205 (clear cover+g/2)
= 2.50%(30+22/2)
= 1025 mm
1143.0

T300%102.5
~0.037

”

2.4 Calculation of ky

B £ +8,
2¢,
The strains &) and £5 are calculated through the analysis of the transformed section.
/
Assuming g;= Ty - L
Es
_ 360/1.15
2#10° &
= (.00156
LT
ei'l +
- 2% 4000156
55
= 0.016
g
4. - 0.00156+0.016
: 2%0.016
= 0.549
2.5 Choice of other parameters appearing in Eq. (4-66) ECCS 203-2001
k=08 for deformed bars
ki =0.80 for deformed bars
By =080 for deformed bars
B2=1.0 for short term loading
B =170 for case that includes loads
ECCS 203-2001 Design Aids Cracking Limit State
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2.6 Application of Eq. (4-66) ECCS 203-2001

bd ’ﬁ-srn}-‘:xm

5., :(sm 0.25k, k, i]

2
s=£~—2[l—ﬁ| ﬁz[{;f] ]

i =(5a+ 0.25%(0.80%0.8)* 9.549—22—]
0.037

§ ., =103 mm

2
"
27945 1—{].3*1.13*[ 92.62 J
22103 279.45
£=0.00127

w, =1.70*10*0.00127
wic=0.222 mm < 0.30 o.k.
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Example (4)

Determine the allowable steel stresses for different bar diameters for the section shown in Fig.
(4) to satisfy the limit-state of cracking according to the following data:

Required area of steel = 2000 mm*

Section is designed according to category I'V.
Clear concrete cover = 40 mm. '

Steel 360/ 520 1s used.

fiy = 30 N/imm®
Cracks occur due to applied loads

Step 1: Determine the value of the maximum tensile concrete stress [ , and the
cracking moment of the section M.,

fe=0.6 ¥ £y =3.288 N/ mm’

Mer = (b '/ 6) (fcte)

= [(300) (700)" / 6] [3.288]
= 80.6 kN.m

Step 2: Calculation of cross sectional properties
Depth of section d = 622 mm
The first moment of area about the neutral axis must be equal to zero:

b(e/2)-n(A)(d-c)=0
300 (c*/ 2) — 15 (2000) (622 -¢)=0

Solving the quadratic equation for ¢, the depth of the neutral axis from the extreme
compression fiber, c = 266.6 mm.

Second moment of inertia 1oy = 568414.9 x 10° mm’
Step 3: Calculate steel stress at first crack fir

fsr =0 Mer (d—c)f Ler
= (15) (8.06 x107) (355.4)/ (568414.9 x10%)
=75.6 N/ mm"

Step 4: Calculate value of effective tensile area of concrete
leef =2.5(1—d)
=2.5(700 - 622) = 195 mm

ECCS 203-2001 Design Aids Cracking Limit State
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"ﬁl‘l.'l'.‘.f =b Leef
= (300) (195)
=585 x10° mm®

Step 5: Determine effective tensile reinforcement ratio

Pr= As/ Ager
= 2000/ 58 5 x 10° =0.0342

Step 6: Determine the value of the maximum allowed value of wy according to category
of section

Wik max = 0.1 for category IV according to table (8-2).
Step 7: Determine the value of ky and B; according to type of steel used

k; = 0.8 for ribbed bars
By = 0.8 for ribbed bars

Step 8: Determine the value of  according to cross section dimensions and loading type

B = 1.7 for cracks due to applied loads
Step 9: Determine the value of B2 according to period of loading
B2=0.5 for permanent loads
Step 10: Determine the value of kz according te kind of loading on section

k3= 0.5 for sections under pure bending

Step 11: Solve the second degree equation to obtain the allowable steel stress
corresponding to each bar diameter

Wimax = B[S0+025kika (¢/p )] [£/E101-Baba(far /6" ]
0.12 1.7 [50 + (25)(.8)(.5)( / 0.034)] [£, /2 x10%] [1 — (8).5X75.6/ £)*]
If ¢ 16 is used;
- 12155¢,-2286=0

f,=138.1 N/ mm®
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If 4 18 is used:
f2-11463 f, - 2286 =0
f=13195 N/ mm’

1 20 is used.

£2— 10845 f, - 2286 =0

fi=126 5N/ mm’

70 cm

A,=2000 mm’

[ em |
| |

Fig. (4): Cross section Dimension and reinforcement of example 4

Example 5:
Design the section shown in Fig. (5) 10 satisfy the
following data:

A, =104p 20

Section is designed according to category IV.
Clear concrete cover = 40 mm.

Steel 360/ 520 is used.

feu = 30 N/mm’

Cracks occur due to loads

limit state of cracking according to the
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Step 1: Determine the value of the maximum tensile concrete stress feir » and the
cracking moment of the section M.,

fur=0.6 ¥ =3.288 N/ mm?

Il

Mer = (b %/ 6) (fuur)

= [(400) {?ﬁﬂ} / 6] [3.288]
= 1233 x 10° N.mm

Step 2: Calculation of cross sectional properties:
Depth of section d = 670 mm

The first moment of area about the neutral axis must be equal to zero.

Q =0

b(czfz) n(A)d-c)=0
400 (c’/ 2) - 15 (3140) (670 -¢) =0

Solving the quadratic equation of ¢, the depth of the neutral axis from the extreme
compression fiber c = 296 mm.

Second moment of inertia I, = 1005909 x10* mm®*

Step 3: Calculate steel stress at first crack f,,
=N Me(d—c) L

=(15)(1.233 x 10") (670 — 296)/ (1005909 x 10%)
=68.76 N/ mm®

Step 4: Calculate value of effective tensile area of concrete

tar =2.5 (t—d)
=2.5(750 - 670)
=200 mm

Acet =D ter
= (400) (Zﬂﬁ;
= B0000 mm

Step 5: Determine tensile steel ratio

= A/ Ao
= 3140/ B0OO0O
=(.0393
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Step 6: Determine the value of the maximum allowed value of wy according to category

of section.
Wi max = 0.1 for category IV according to Table (4-12) in the code.

Step 7: Determine the value of k; and 3, according to type of steel used

ky = 0.8 for ribbed bars
B = 0.8 for ribbed bars

Step 8: Determine the value of B according to cross section dimensions

p=1.7 for cracks due to loads

Step 9: Determine the value of B; according to period of loading

Bz = 0.5 for long-term loading

Step 10: Determine the value of k; according to kind of loading on section.

k;= 0.5 for'sections under pure bending

Step H: Solve the second degree equation to obtain the allowable steel stress
wy = PIS0O+025k ke ($/p ] [6/EI[1-BiBa(f /)" )
0.12 1.7 [50 + (.25)( 8)(.5)(20/ 0.0393)] [f. / 200x1000] [1 — (.8)(0.5)(68.76/ £))"]

£3-116.595f, - 1891.2=0
£, =131 N/ mm’

75 cm

oee 10920

R

Fig. (5): Cross section Dimension and reinforcement of example §
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Representation of Code Equation (4-66)

Table (8-6) Application In Case Of Cracking Due To Applied Service Loads

‘nterrial Coefficient w g
Forces
B .
Mgmmﬁ, w,=0.85(500+ O )[1-0.8Bp(fs! f5)? 15108
pl'
Ribbed Axial - u 2 -6
s Teneion | Wi= 0-85 (500 + 2 ® ).[1-0.8p2(fsr/ T5)? |15.10
A,
Eﬁeﬂnﬂsr;g: w,=0.85(500+ 2k ® ).[1-0.8 B3 (fsr/ fs)? 115,108
P r
Bendi . -
Mornemd, | w,= 0.85 (500 + 2 ® ).[1-0.5p2 (fsr / f5)2 145,106
P
gg‘rgm“ Axial | =0.85(500+4 ® )[1-0.5B2 (fer/fs)2]fs. 105
Tension B
;
Eccentric - . 2 £
Tension | Wi~ 085 (500 + 4k @ ).[1-0.5B2 (fg/ f5)2 1.15.10

Pr

- In the above equations, steel modulus of elasticity (Es) = 200 000 N/mm".
¥ Equations for Bending moments apply also in the cases of eccentric tension or
compression with big eccentricity [i.e. a triangular tensile strain distribution takes
place over the whole or a part of the cracked concrete section]:

Where;

W, 15 a coefficient and its value should be < 0 3 in the first zone, < 0.2 in the second zone,

= 0.15 in the third zone and < 0.1 in the fourth zone; considering the zone definition in
Code Table (4-11) and w, limitations in Code Table (4-12).

®  =the bar diameter in millimetres,
= the mean diameter in case of bars having different diameters, or
= the equivalent diameter in case of bundles: ie. equals to 1.5 and 1,75 times the
greatest diameter in a bundle consisting of Z or 3 bars; respectively [Code clause 7-3-

4]

pr = "ﬁl'i"|l Atﬂ|

A; = the tensile reinforcement located within A..r
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Ao is the effective concrete section subjected to tension. It equals to the section breadth
multiplied by the effective depth (t.r) subjected to tension.
ter ,as defined in Figure (4-22) in the code, is the effective depth subjected 1o tension.
teer equals to 25 times the distance between the c.g. of A, and the adjacent tensioned
surface in the concrete section. :
lef should not exceed the following limitations.
In general toer should not exceed the distance between the neutral axis and the most
tensioned surface in the section.
Inslabs: ter<(t-c)/3 where;
t is the section total depth.
¢ is the depth of the neutral axis measured within the compressed zone in

the slab section.
1n sections subjected to pure tengion or
eccentric tension with small ecceptricity: ter < half the section total depth (t).
B2 isa coefficient =0.5 in case of permanent or frequently repeating loags.
=10 in case of short term loads.
f, is the tensile steel stress, in Na’mmz-, calculated on the basis of cracked section under
applied service loads. Its value should not exceed the values defined in Code Table(5-1).

f.. is the tensile steel stress in N/mm’: calculated on the basis of cracked section under
service loads initiating cracking.

ks is the ratio between the average and maximum tensile strains in the section.
ka=(e] +e2)/2¢ Code Equation (4-67)
where £| and ey are the maximum and minimum tensile strains in the cracked
concrete section respectively. Accordingly the extreme values of ko are:

kg =1.0 in case of axial tension (Figure 6-a).
ko =0.5 in the cases of pure B.M. and eccentric tension or compression with big
eccentricity; where the tensile strain distribution is triangular (Figure 6-b).
The above mentioned values of ko are already merged in their respective equations. In
the cases of eccentric tension with small eccentricity (Figire 6-), k2 should be
calculatgd a-:éclmrding to Code Equation (4-67).

B2
By iy ;._.___..';!Lé-_,-
¥ Tension *
E1= E3 &1 Ey
k=1.0 k;=0.5 ka=(g;+82)2g,
a— Strain distribution b— Strain distribution ¢— Strain distribution
due to axial tension. due to BM. or due to eccentric
eccentric  forces tension with small
with big eccentricity. eccentricity.
Fig. 6. Strain distribution for different loading conditions
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Table (8-7). Application Of Equation (4-66) In Case Of Cracking Due Intrinsic
linposed Deformations [where fo="1]

Internal Coefficient w
Forces

Bending =@\ -6
Moment * | %™ B'(500+ k @ ).fg, 10

D

r

Ribbed Axial =gl : -6
Bars | Tension | "+~ P (300+2 k; MHsr-10
r

Eccentric =@\ . -5
Tension | Wk B [50D+2kkz_z ) fgp.10
r

Bending =- \ -6
Moment * Wl 129 B {Eﬂﬂ +2k _J: ]'.fsrq 10
r

Smooth | Axial |y <125p\(500+4k © )fs. 106
3% | Tension P
r

Eccentric - \ (500 -6

Tension | e 1.25 g ( +4k kz_lti )-fsr. 10

Pr

- Inthe above equations; steel modulus of elasticity (Es) = 200 000 N/mm".

* Equations for Bending moments apply also in the cases of eccentric tension or
compression with big eccentricity [i.e. a triangular tensile strain distribution takes

|___place over the whole or a part of the cracked concrete section].

Where; d

W, . @, P, T & K, are as defined in the case of cracking due to applied service loads,

Coefficient B =039+ [(X-300). 24 _10"] such that 039>p\ >05]

where (X) is the scction breadth (b) or total depth (t); whichever is smaller.
The value of B' should range between 0.39 (for X < 300 mm) and 0.51 (for X > 800
mm), |I'!-1'L values corresponding to different (X) values are presented in Table (8-8).

In general; coefficient k equals to 0.8 for tensile stresses due to constrains. In the particular

case of rectangular sections,
k =08-[(X-300), 6.10™] suchthat 0.5< k <0.80

where (X) is as defined above.
k value ranges between 0.8 (for X < 300 mm) and 0.5 (for X > 80D mm).
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Table (8-8): Values of B\ and k for different (X) values in rectangular
sections.

Breadth ortotal depth
(whichever smaller)

B 0.3910.402/0.414(0.426|0.438(0.450|0.462|0.474/0.486(0 498 0.51
k 0.80(0.77]0.741071 068 |065]|0.62|0.59 056|053 050

E‘_TEDID 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 | 750 |>B0O

Where the breadth and total depth dimensions are in millimetres.

Table (8-9): Application Of Equation (4-66) In Case Of Cracking Of
Walls Because Of Early Thermal Contraction

[Due to fixation at the wall base]

Coefficient w,

Ribbed wo=p' . H . fg. 107

Bars - ]
Smooth w =125 B' . H . fg.10%

bars

Where;

W, , B\ & fs are as defined in the case of cracking due to intrinsic imposed deformations.
H = The wall height in millimetres.

In the above equations; steel reinforcement modulus of elasticity (Es) = 200 000 N/mm’.

a—

ECCS 203-2001 Design Aids Cracking Limit State

B-25



Table (9-1): Development Length ( Lq ) of Tension Bars With Straight Ends
(According to equations 4-36 & 4-37 in code clause 4-2-5-1)

B

* Code equations determining the development length (Lg) can be reduced to the following
equatian
L4 = coefficient x (the bar diameter) > 400 mm for steel grades (240/350) & (280/450)
> 300 mm for steel grades (360/520) & (400/600)
The following Table gives the coeff. values for different concrete charactenstic strengths

(7, ) and steel yield stresses (f) in case of tension bars with straight ends:

2
fy £, (N/mm )

(N/mm)| 18 20 25 30 35 40 45 50
240 5 48 43 39 a6 34 32 31
280 59 56 50 46 42 40 37 36
a0 | 57 54 48 44 41 38 36 34
400 | 63 60 54 49 45 43 40 40

[Remarks:

In case of top bars having concrete depth below them >300 mm, multiply the
given coefficient by n=1.3.
The given values correspond to Ye= 1.5 & Ys=1.15.
Bundles:
Bundles are only allowed for deformed bars [fy= 360 & 400 N/mm?] (Code clause 7-3-4).
Maximum diameter of bars in a bundle is 28 mm (Code clause 7-3-4).
In case of a bundle consisting of 2 bars, multiply the given coefficient by 1.47.
In case of a bundle consisting of 3 bars, multiply the given coefficient by 1.60 .

Examples: .
Date:  f =25 N/mm’. Steel grade is (360/520)
Diameter of bars= 16 mm Ends of bars are straight.

A case of bottom tension bars:

Lg = 48 times the bar diameter [i.e. L4 =768 mm].

A case of top tension bars in a (250x1000) R.C. beam:
Lg=48 x 13 = 62.4 times the bar diameter [i.e.Lq =999 mm].

A case of top tension bundle of 2 bars in a (250x1000) R.C. beam:

Lq=48x 1.3 x 1.47 = 91.73 times the bar diameter [i.c. Lq = 1468 mm].

A case of top tension bundie of 3 bars in a (250x1000) R.C. beam:
Lq=48x 1.3 x 1.60 =99 84 times the bar diameter [i.e.Lq = 1597 mm).
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Table (9-2): Development Length ( L4 ) of Tension Bars With Hooked Ends
(According 1o equations 4-56 & 4-57 in code clause 4-2-5-1)

* Code equations determining the development length (L.g) can be reduced to the following
equation:
L4 = coefficient x (the bar diameter) > 400 mm for steel grades (240/350) & (280/450)
= 300 mm for steel grades (360/520) & (400/600)
* The following Table gives the coefficient values for different concrete character 1stic strengths
(fa ) and steel yield stresses (f,) in case of tension bars with hooked ends:

fy Jo (N mm?)
(N/mm%) | 18 20 25 30 35 40 45 50

240 38 36 32 30 27 26 24 23
280 44 42 38 34 3z 30 28 27

360 43 41 36 33 31 29 27 26
400 47 45 40 37 34 32 30 28
Remarks: -

In case of top bars having concrete depth below them >300 mm, multiply the
given coefficient by n= 1.3

The given values correspond to ye= 1 5 & Ye=1.15.

|Bundles:

Bundles arc only allowed for deformed bars [fy= 360 & 400 N/mm?2),

Maximum diameter of bars in a bundle is 28 mm [code clause 7-3-4].

In case of bundles consisting of 2 bars, multiply the given value by 1.47,

In case of bundles consisting of 3 bars, multiply the given value by 1.60

Examples: .
Date.  f, = 25 N/mm2, Steel grade is (360/520)
Diameter of bars= 16 mm. Ends of bars are hooked
A case of bottom tension bars:

Lg =36 times the bar diameter [i.e. Ly = 576 mm].

A case of top tension bars in a (250x1000) R C_beam:
L4 =36 x 1.3 =46.8 times the bar diameter [i.e. L4 = 749 mm].

A case of top tension bundle of 2 bars in a (250x1000) R.C. beam,
Lg=36x 1.3 x 1.47 = 68.8 times the bar diameter [i.e. L4 = 1101 mm].

A case of top tension bundle of 3 bars in a (250x1000) R.C. beam:
L4=36x13x1.60=749 times the bar diameter [i.e. Ly = 1198 mm],
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Table (9-3): Development Length ( L4 ) of Compression Bars
(According to equations 4-56 & 4-57 in code clause 4-2-5-])

* Code equations determining the development iength (Lq) can be reduced 1o the following
equation:
L4 = coefficient x (the bar diameter) > 400 mm for steel grades (240/350) & (280/450)
> 300 mm for steel grades (360/520) & (400/600)
* The following Tabie gives the coefficient values for different concrete charactenstic strengths
(foy ) and steel yield stresses (fy) in case of compresgion bars with or without hooked ends.

fy foy (N/mm2)

(N/mm2)| 18 20 25 20 35 40 45 50
240 38 34 30 28 26 24 23 22
280 41 39 35 32 30 28 26 25
360 38 36 2 30 27 26 24 23
400 42 40 36 33 30 29 27 26

Remarks:

In case of top bars having concrete depth below them >300 mm, multiply the given
coefficient by = 1.3.

The given values correspond 10 ye= 1 5 & Ys=1.15.

Bundles:

Bundles are only allowed for deformed bars [fy= 360 & 400 N/mm?].

Maximum diameter of bars in a bundle is 28 mm |code clause 7-3-4].

In case of bundles consisting of 2 bars, multiply the given value by 1.5.

In case of bundles consisting of 3 bars, multiply the given value by 1 6

Examples;
Date;  fo =25 N/mm2. Steel grade is (360/520)
Diameter of bars= 16 mm.

L = 32 times the bar diameter [ie Ly =512 mm].

A case of 1op Compression bars in a (250x1000) R C_beam:
L4 =32x 1.3 = 41.6 times the bar diameter [i.¢. Ly = 666 mm].

A case of top Compression bundle of 2 bars in a (250x1000) R.C_beam:
L4=32x 1.3 x 1.5~ 62.4 times the bar diameter [i.e.Lq =959 mm]

A case of top Compression bundle of 3 bars in a (250x1000) R.C_beam
Lg=32x 13 x 1.6=66.56 times the bar diameter [ie Lq = 1065 mm]

ECCS 203-2001 Design Aids Development Length
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