4.8 One-Way Shear Strength

mﬁﬂmmnm resulting from one-way shear are normally low, and usually do not control the
design. One-way shear stresses must be resisted by concrete strength only and without

any remiforcement contribution. The Egyptian code gives the following equation for
one-way concrele shear strength:

—
g, =016 f= ...

v
e

oo (4.43)

The n:nnmq,mna:c: for one-way shear is taken at d/2 from the face of the column as
shown in Fig. 4.22. The calculated shear stress should be less than concrete shear

strength. For example, shear stresses for the interior column shown in Fig. 4.22 are
given by

o _w XLy XL,
Q.._ I|hl\._IMQ|M_m...: - A e S b Abb&v
W, xL x...l_
G2 = T xd Bl covimesime s A a6 (4.45)
| Ly |
L |

—_—

i !
=y _T.l .|||‘A_..
i : / __ critical shear sections

Fig. 4.22 Critical sections for one-way shear in interior columns
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/Example 4.1

It is required to design the Flat Slab Roof shown in Fig. EX4.1. Columns (500x 50C
mm) are oniy allowed as shown. For architectural purposes, 1t 1s required that no drop
panels or columns’ heads to be used.

Data:-
Concrete Characteristic Strength = 25 N/mm’
Stee! Yield Stress = 360 Nmm’
Live Load = 40 KNm
Flooring = 20  KN/m?
Figuivalent wall loads = 1.5 kKN
Floor Height = 350 m
Solution:
The floor consists of threc equal spans in each direction, the span in the long direction
equals 1., = 6.0 1 and the span in the short direction L;=5.0 m

The system satisfies the requirements of the empirical method specified in the Code-
article (6-2-5-3)

The average length L,,,=5.5 m
Step 1: Dimensioning

= Slab thickness (t,):-

150 mm
t, =bigger of
=L 600
—=_ = 000 =187.5 mm
L 32 32
Take 1. = 200 mm
» Column Dimensions (bxb)
1300 mm
- 3500 —
b = bisgeraf \uw OO0 55y,
“ 15 15
o Sl =300 mm
120 20

Thus b=500 mun is satisfactory
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Fig. EX.4.1 Flat Slab Roof

[4]

ALL DIMENSIONS ARE IN METERS

* Marginal Beams (byxty)
Punching stresses are usually high in exterior and corner columns. Hence, a
marginal beam is considered with thickness t; » 31, = 600 mm
Take 1y = 700 mm & by, = 250 mm
* Column and Field Strips:-
Assume that width of Column Strip = % Smaller side = 1/2x5.0 = 2.50 m
Width of Field Stnip:- o
For short direction = 6.00-2.50 = 3.50 m

For leng direction =35.00-2.50=2.50m

Step 2: Minimum steel requirements:-
For f, = 360 N/mm’

A, . Aong )= 2] %1000 % (200 - 20) = 300 mm* [ m'
o 360
0.6 Fi i
A, . (short) = x 1000% (200—-30) =282 mm " /m

Step 3: Load calculations
Dead Load, g, = Own weight + Flooning + Equivalent Wall Loads

=25x02042041.5=85 kN/m’
Live Load, p,=4.0 N/
Since the hive loads 1 less than 0.75 the dead loads
1.50 ( g+ po)
1.5 x (8.50+4.0)
18.75 kKN/m’

W

S

[}

Step 4: Design of Strips
Step 4-a: Long Direction
Step 4-a-i: Statical system and bending moment

.:b = —‘_..-___ v» nqL..—lhhnl._ |M.\n c »w
S 3 J

i

As no column head 15 used D=b=0.50 m
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i

18.75x5 2x0.5Y’
M, == ?,? X2 —3763 kNm
S
Percentage of moments is taken from Table 4.1

Column strip -ve moment =169.33 kN Y
Negative moment e

\Ymum,wm kN.1(60%)
Mo=376.3 kN.

-

Positive moment
150.52 kN.m (40%

Distribution of M, for an interior bay

Field suip -ve moment = 56.45kN m (15%)

Column strip +ve moment =94.08 kN.m(25%)

Field stmp +ve moment = 56 45kN m (15%)

Step 4-a-ii: Design of sections

..wh.m-ﬁ\ﬁ __u_uﬂ EH.QAT. OW _.w‘__ﬂ Ucrwﬂ..: m:.—h_ _.m 2.5 m ~ Cl aximum 1 Omm 1ve moment at the
.

. -

interior ﬂn_.:ﬁH Um—. MELEr Gﬂﬂm.wm-

169.33 ;
M, Hﬂnaw.& KN/ m' !
R M, 67.73%x10°
F= =0.084
[axbxd®  25x1000x180°

Fora=0.0 w=0.107

1 25
4 = & _
L =wx 7 xbxd Io;oquxaooxumoumuw‘\ mm® Im'

use ( 9P 14 /m’) as negative column strip reinforcement in the long direction
The design for the rest of the long direction critical section is gwven 1n the figure
Step 4-b: Short Direction:-

Step 4-b-i: Statical system and bending moment: -

M uszi._?\ _2xDY
@ 8 _r., 3 \.___

As no column head is used D=b=0.50m

1875x6(_ . 2x05)
M, =—=2"l5g ZXES |
a 5 = 3 | =30625 kNom

Percentage of moments is taken from Table 4.1
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Step 4-b-ii: Design of sections

Since the width of the column strip is 2.5 m, the maximum negative moment at the

interior panel per meter equals i
)
M, = E =5512 kN.mim'
! 25
since this is the secondary direction d=200-30=170 mm
{4 3 ]
R M, SSExI0 076

T xbxd®  25%1000x170°
Fora =0.0 @=0.097

75
A =X o whxd =0097x —x1000x170=1144 mm? I m

A 7, 360

use (6M12/m’+3M14 /m') as negative column strip remforcement of the short direction

‘The design for the rest of the short direction critical sections 15 given in the figure

Step 5: Design of edge column strip

Due to the presence of the marginal beam, the momeni in the exterior strip/m’ equal
haif the moment in the interior strip/m’.

So, the reinforcement in the extenor strip/m equals half the reinforcement in the

interior strip/m’. (While considering tiie minimum steel requirements). _

Step 6: Check for negative reinforcement in the field span !

As g, >2/3 p., no top reinforcement i§ required. However, since the slab thickness s

greater than 160 mm, shrinkage top mat is needed (use 6 & 10/m" in the long direction

and 5 @ 10/m’ in the shon direction)

Step 7: Design for Punching Shear for Interior Column

Assume concrele cover of 20 mm
d=200-20 = 180 mm
a; =b;=500 +180 = 680 mm |
Qup = 18.75x 5.0 % 6~ 18.75 x (.68 x 0.68 = 554 kN #
ff=1.15 (case of interior column)
|
|
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by = 2 x (680+680) =272 mm J ﬁ\
! |
g = Dol _554x1000x115 M _
u T e o -3 mm
b,od 2720%1 ] i i
; U IR0 ~_ Design of Long Direction
Geup 15 the smallest of h
m [F. 25 _ T i tri idth=2.50 r
! _ 1. g,,=0316 .{m_rw| =0316 f\_ 5 =129N /mm?® <16.. 0.k Column Strip (Width=2.50 m) Field Strip (Width=2.50 m)
i | e
Ii E Y YYYY Y Y Y WYYy
i a PrY i a ata'a 2 ata e o Oy
H 2. 4., n:zoS?wT =03 4___IJL 93 N/mm® ~— o o i
i ; | | _ 6.00
| 5.00 ! 600 L =
A 3. g, =085 02« ~08 xlm_.mlo 02 42 <151 N __ .ﬁ s )T |
1 v b, \ 7 2720 Vis o _ Mo=376.3 kN.m F
i . s o 10% 20%
I Note : & =4.0 for interier columns ‘ %Mo .qu..\a 30% Ww.o.\ 5% | A~ 20% s 5% ‘
1 ) ?
| Qeup=1.29 N/mm? ! #
Since q, = q,,, . the slab is considered safe regarding to punchi | ; 37.63 75.26 m
_ = i T punching Mu 7526 18815 |
4 | kN.m /S 11280 s 94.00 _ oo it & o —
| ;=680 _
_. 30.10 _
e e _— !
_ : 300 _ Mu  30.10 1528 &40 _
i i \ mimyss 37.60 - : |
__ : . KN, — = &~ 30.10 & 2258 |
_ 5 ._ ﬂ
d/2=90 n : ' Z = = = =
omm B \ =213 ¢=180 =180 ¢=180  ¢=180| =180  d=180 g i
“ : E _
_ o Ll : 5 _ 0.019 0.037
_ ; i " | 0.037 Q.093 |
! m .-._r-u_. o _ H R P 0.056 5 0.046 Lo 0.037 s 0.028 A
[ |
di2 | | _ m
!
| _
critical shear perimeter @ 0.045 0.121 0.022 U4 =
s 0.069 & os7| 0.0%5 i
_
The punching strength of the extenor and comer columns can be checked in similar |
manner. As 583 1513 275 563
5 AN 414
milm &5 863 e 713 e
sp14 g
Asfin 6912 13316 6¢10 &.mum — i
s/m Z. 312 s 3¢10 » _
e B#14 ...MM._R +3p12 _
*
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} 5.00 ! 500 | | 500 | 500 | ! _ ol Iml_r ————=4 B m*_T 14_ ! ,
_ _ # 1l = (EE | 5. # .
Mo=306.3 kN.m ; . 7 |,_|L.9|._1 ] ey ¢ =
Mo 20% 50% 10% 20% _ ,_ @J! \% 1] w ! s B | | M
| A5, 0% AN 25% Fas 20% 5 15% _ * m_ m_ _ =) __ | il | F | _ _
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wn_ 61.25 15313 30.63 61.25 _ _ l i | “ | _ ,
_ T 9188 A 7656 | 4 61.25 S 4594 | 1 _ ﬂ _
_ A | — — =4
iEE | |
__ﬁ_é 24.50 61.25 | 875 17.50 . _ i
| MM 36.75 & 30862 o 17.50 4% 1313 f __ H
1 | 8
| g=170 a=170 d=170 d=170 d=170 d=170 d=170 d=170 _ _
|
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| w.
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