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vc.=(a[;—d+o.19]/1¢c\/7; (2.15)

where ¢, is resistance factors of concrete, A is modification factor of lightweight concrete,

B. is the aspect ratio of the column, a, = 40 for an intcrior column; jffis uniaxial

compressive strength of concrete. If the effcctive depth, d, uscd in two-way shear
calculations cxcceds 300 mm, the valuc of v, obtained from Equations (2.13) to (2.15)
shall be multiplied by 1300/(1000+d), this sizc cffcct factor is not cffective for slabs less
than 300 mm thick. Fracture n hanics concepts suggest that the size cffect factor is not
related to thc member thickness only 1t must be related to the  ncrete strength as well.
2.7.2 ACI 318-08

In ACI 318-08, the control perimeter is only 0.5 d from the loaded arca. 1c ACI code
has no influence from either the n steel ratio or the effective depth of the slab in its
limiting shcar stress. ACI 318-08 rcquires that the ultimate shear resistance for slabs

without prestress is given by, r non-prestressed slabs and footings, v, shall be the

smallest of:

v, =0.332./f (2.16)
a.d .

v, =O.O83[1;—+2]/1\/Z 2.17)

v, =o.17[1+%)/1\//—;,‘ (2.18)

where f is the ratio of the long sidc to short side of the column, concentrated load or
reaction area; a, is 40 for interior colu: 1s, 30 for edge colun s, 20 for comer columns,
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2.15 Tension Chord Method
Based on an analytical model developed previously to study the problem by Gilbert
(2008), a simplified model to predict crack spacing and crack width was developed.

The rescarcher proposcd the following expression for the average crack width w:

o. 2 .
w:—l:—E‘T‘(s—-gsu)+esh s:! (2.39)

wherc E_ is the final cffective  dulus for concrete and is given by £, = E. /1+ ¢’

The final concrete stress i1s v n

. Nien\—" 4
o= (2.40)

¢

where N (o) is the final restrainii  force. The distance s, in which stresses vary on either

side of a crack was taken to be (Gilt )08):
s, = /e (2.41)
10p

where d}, is the bar diameter and p is the reinforcement ratio (A4, /4.).

2.16 Codes Provisions for Crack width Calculations

2.16.1 Norwegian Code

The Norwegian code, NS 3473E (- 39), provides the following cquation for calculating

the crack width. It uses factor :¢ :count for tension stiffenir  cffect.

w, =1.7w, (242)

wm = rgl Srm (243)

r=l—L(a. /o) >0.4 (2.44)
2.5k 7
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e The data of group shov |th the maximum crack width can be influenced by
as much as 50% w. 1 the bar spacing is increased from 217 mm to 368 mm, this
means that for the same concrete cover increasing the  ar spacing by about 70%
results in increasing tt 'k width by about 50%.

e Test results of group B /caled that crack control can still be achieved by

limiting the spacing of the 1 Hreing steel despite using thick concrete cover.
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forces resisted by concrete in t¢  on arc transmitted to tensile longitudinal stecl capable
of resisting M,,. Calculation of cracking moments is usually based on the bchavior of
uncracked concrete sections (¢ 1), so using clastic solutions to compute cracking
moment M,, is acceptablc.

6.3.1 Effect of Torsional Moment on Minimum Reinforcement of Thick Plates

An approximate solution for arec  gular platc problem subjected to uniform loading has

been presented by iny authc  This problem requires the solution of the deferential

equation:
54 w 4 ) 4 (v )
T 0w Ow_gfry (6.2)
éx’ ox 0y" Oy D
subject to the boundary conditio
w=0 %:0 (x=—-a,x=a) (6.3a)
Ox
w=0 ?i =0 (y=-by=0b) (6.3b)
ay
The moment componcnts are to the deflection w as follows:
82 2
M. -D om0 2 (6.4)
' ox” oy
M =-p| T, O (6.5)
: oy” ox
;';2 w/’
M, =-D(-v (6.6)
- ox gy
where D is the bending rigidity of  : plate defined as:
3
p=—Lh _ (6.7)
12(1-v7)
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to account for transverse shear and rcduce diagonal crack « cning (Marti 1990). The
minimum shear rcinforcer  tcan  cvaluated as follows:

h

A, o focos0=f ——c (6.42)
- . siné
z,min = h j;’ ¢ (643)
- ﬁ sinfcos@
_ A:,min (6 44)
Pmin = hcoté '
min = L—l,— (6.45)
' cos“ 6

where ¢ is the width of the dii nal compression strut that is taken cqual to the truss

width; £, is thc direct tensilec strength of concrete (Marzouk and Chen 1995),
/,=033f ,and f, is t sp ficd yicld strength. The angle of the failurc planc 6

normally varies between 22° and 45° (Marzouk and Jiang 1997). It can be assumed that 6
tends to be a small value for sma slab thicknesses less 300 mm and equal to 22°. For
medium slab thicknesses of 300 00 mm, 8 can be taken cqual to 30°. For thick slabs
greater than 500 mm of thickness, 8 can be taken cqual to 45°. In this rescarch, 6 is taken
cqual to 30° bascd on ¢ _ il findings (Marzouk and ang 1997; Hegger et al.
2006).

Introducing the tcrm (I./m)°* to account for the size ecffect, cquation (6.45) could be

written as follows:

_Lag 7 ¢ ' 6.46
p:.min - f sin (/ /h)uﬁ ( ’ )
v ch

where 4 1s the slab thickness.
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spacing is increased tl bar acing or the concrete cover is increased for the
specimens with low rc  orce:  nt ratio that fail under  :xure.
The analytical inv: ion rcveals that the ¢ :k widths calculated using CSA-

S474-04 and NS 3..._ E (1989) are rclatively close.
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constant number related to the member depth but it must be also related to the

mechanical propert  of concrete.
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