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Limit Span/Depth Ratio for Indirect Deflection Control in Reinforced
Concrete Flexural Members
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Abstract

In concrete structural design provisons, two methods are normally provided to control deflection; direct method and indirect
method. It is more efficient to use the indirect deflection control by which the span/depth ratio is limited not to exceed an
allowable deflection limit. Because actual deflections are affected by many causes, it is complicated to evaluate actual deflec-
tions. In this study, limit span/depth ratios are derived from the deflection calculated directly at the serviceability limit state in
RC members. The deflection is obtained from using average curvature, which depends on materials model used. The main vari-
ables examined are tension stiffening effect, concrete strength, cross section size and compressive steel ratio. It could be
appeared that more analytical consistency is secured to use the 2nd order form of tension stiffening effect. And the limit span/
depth ratio is dependent on material strength, tensile and compressive steel ratio but it is independent on cross-section size.

Keywords : indirect crack control, limit span/depth ratio, tension stiffening effect, materials strength, cross-section size
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Fig. 1 Tension stiffening effect
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Fig. 2 Correction of strain distribution for the effect of tension
stiffening
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Fig. 3 Flow chart for limit span/depth calculation

Fig. 49} o] B¥35S = Ah4d ais 2k o
1ol sk A|7hzlo)RIE 4APgeatt. A ©He 100x450
mmExZo)), §& ZolE 400 mme|th. TR wE
ztolE AHE7] 918te] 150x550 mmFxZe]), & %]
500 mmS! ©HHol el Wl ARSI HFS )
sl Be3 FFE Alkle HFHIEY o] B3
ojth. weba A 2" M} o] FaHFELS A7t

450mm
400mm

R ERERERE

I |
v <+ >
[ J I |

e ——

b=100mm

h=
d=

>

o

Fig. 4 Section properties of the beam investigated

Table 2. Analysis variables examined

Variables
Tension Stiffening Effect Ist and 2nd order
bxhxd [mm] 100x450%400 and 150x550%500
for [MPa] 21, 27, 35, 40 and 80
/,, [MPa] 400 and 500
f, [MPa] 270 and 330
P[] 0 and 0.25
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Fig. 5 Slenderness limit calculated as a function of tension
stiffening effect
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Table 3. Slenderness limit calculated according to the tension stiffening effect

Required reinforcement ratio [p, %]
£=270 MPa
vd f4=21 MPa =27 MPa =35 MPa f.=40 MPa /=80 MPa

Ist 2nd [2nd/1st| st 2nd [2nd/Ist| Ist 2nd [2nd/1st| 1st 2nd |2nd/Ist| 1st 2nd |2nd/1st

order | order | order | order | order | order | order | order | order | order | order | order | order | order | order

100 | 0.183 | 0.184 | 1.01 | 0.211 | 0.214 | 1.01 | 0.246 | 0.248 | 1.01 | 0.279 | 0.282 | 1.01 | 0.408 | 0.416 | 1.02

50 0.254 | 0237 | 093 | 0.295 | 0.276 | 0.94 | 0.346 | 0.324 | 0.94 | 0.397 | 0.369 | 0.93 | 0.604 | 0.561 | 0.93

40 0.299 | 0270 | 0.90 | 0351 | 0.315 | 0.90 | 0.415 | 0.371 | 0.89 | 0.475 | 0.425 | 0.89 | 0.737 | 0.653 | 0.89

35 0.340 | 0299 | 0.88 | 0.401 | 0.348 | 0.87 | 0.476 | 0.414 | 0.87 | 0.546 | 0.474 | 0.87 | 0.860 | 0.733 | 0.85

30 0.410 | 0.347 | 0.85 | 0.487 | 0.408 | 0.84 | 0.585 | 0.487 | 0.83 | 0.670 | 0.558 | 0.83 | 1.080 | 0.880 | 0.81

25 0.547 | 0.448 | 0.82 | 0.660 | 0.535 | 0.81 | 0.802 | 0.645 | 0.80 | 0.920 | 0.740 | 0.80 | 1.558 | 1.218 | 0.78

20 0.873 | 0.728 | 0.83 | 1.083 | 0.898 | 0.83 | 1.353 | 1.123 | 0.83 | 1.550 | 1.285 | 0.83 | 2.839 | 2.357 | 0.83

15 1.695 | 1.575 | 093 | 2.152 | 2.010 | 0.93 | 2.763 | 2.590 | 0.94 | 3.157 | 2.960 | 0.94 | 6.170 | 5.853 | 0.95

10 3.193 | 3.152 | 0.99 | 4.098 | 4.050 | 0.99 | 5303 | 5248 | 0.99 | 6.063 | 5998 | 0.99 | 12.08 | 11.98 | 0.99

£=330 MPa
vd fu=21 MPa fu=27 MPa fu=35 MPa Jfa=40 MPa /=80 MPa

Ist 2nd |2nd/1st| st 2nd |2nd/1st| Ist 2nd |2nd/1st| st 2nd |2nd/1st| st 2nd |2nd/1st

order | order | order | order | order | order | order | order | order | order | order | order | order | order | order

100 | 0.145 | 0.146 | 1.01 | 0.166 | 0.169 | 1.02 | 0.194 | 0.196 | 1.01 | 0.220 | 0.224 | 1.02 | 0.323 | 0.331 | 1.02

50 0.189 | 0.181 | 096 | 0.219 | 0.208 | 095 | 0.258 | 0.245 | 0.95 | 0.294 | 0.281 | 0.96 | 0.446 | 0.423 | 0.95

40 0.216 | 0.199 | 0.92 | 0.252 | 0.231 | 0.92 | 0.298 | 0.273 | 0.92 | 0.340 | 0.313 | 0.92 | 0.520 | 0.475 | 091

35 024 | 0215 | 090 | 0.280 | 0.253 | 0.90 | 0.332 | 0.295 | 0.89 | 0379 | 0.339 | 0.89 | 0.585 | 0.519 | 0.89

30 0278 | 0242 | 0.87 | 0325 | 0.282 | 0.87 | 0.385 | 0.332 | 0.86 | 0.441 | 0.382 | 0.87 | 0.693 | 0.599 | 0.86

25 0.345 | 0.287 | 0.83 | 0.410 | 0.340 | 0.83 0.49 | 0402 | 0.82 | 0.563 | 0.462 | 0.82 | 0.905 | 0.728 | 0.80

20 0.505 | 0.405 | 0.80 | 0.610 | 0.485 | 0.80 | 0.747 | 0.588 | 0.79 | 0.855 | 0.675 | 0.79 | 1.468 | 1.127 | 0.77

15 0.990 | 0.855 | 0.86 | 1.242 | 1.075 | 0.87 | 1.575 | 1.372 | 0.87 | 1.803 | 1.570 | 0.87 | 3.417 | 3.022 | 0.88

10 2218 | 2.165 | 098 | 2.842 | 2.780 | 0.98 | 3.672 | 3.598 | 0.98 | 4.197 | 4.112 | 0.98 | 8.338 | 8.203 | 0.98
g KA



Table 4. Flexural curvature and average steel strain calculated

Average steel strain Flexural curvature
i [&m] [1/r, x1000]
Ist 2nd  [2nd/1st| 1st 2nd | 2nd/1st
order order | order | order order | order
100 | 0.00054 | 0.00051 | 0.94 | 0.0021 | 0.0020 | 0.95
50 | 0.00082 | 0.00090 | 1.10 | 0.0029 | 0.0031 1.06
40 | 0.00092 | 0.00103 | 1.12 | 0.0033 | 0.0035 | 1.06
35 | 0.00099 | 0.00112 | 1.12 | 0.0035 | 0.0038 | 1.09
30 | 0.00108 | 0.00123 | 1.14 | 0.0039 | 0.0041 1.05
25 |0.00120 | 0.00136 | 1.13 | 0.0043 | 0.0046 | 1.07
20 | 0.00135 | 0.00150 | 1.11 | 0.0051 | 0.0052 | 1.02
15 | 0.00150 | 0.00162 | 1.08 | 0.0064 | 0.0065 | 1.01
10 | 0.00158 | 0.00164 | 1.04 | 0.0096 | 0.0096 | 1.00
&,~ at serviceability state
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Fig. 6 Slenderness limit calculated as a function of concrete
strength
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Fig. 8 Slenderness limit calculated as a function of cross-
section properties

Table 5. Slenderness limit calculated according to the cross-
section properties

Required reinforcement ratio [p, %]

vd Cross-section properties [bxd, mm]
) @ ®
100x400 150%500 D2

50 0.208 0.200 1.04
40 0.231 0.223 1.04
35 0.253 0.241 1.04
30 0.282 0.271 1.04
25 0.340 0.326 1.04
20 0.485 0.469 1.03
15 1.075 1.068 1.01
10 2.780 2.776 1.00
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Table 6. Slenderness limit calculated for the steel stress

Required reinforcement ratio [p, %]
i Steel stress [f;, MPa]

@® @ ©

270 330 /&)
50 0.276 0.208 0.75
40 0.315 0.231 0.73
35 0.348 0.253 0.73
30 0.408 0.282 0.69
25 0.535 0.340 0.64
20 0.898 0.485 0.54
15 2.010 1.075 0.53
10 4.050 2.780 0.69
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Fig. 9 Slenderness limit calculated as a function of steel
stress
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Table 7. Slenderness limit calculated for the material properties

Required reinforcement ratio [p, %]

Vi Concrete strength [/, MPa]|  Steel stress [f;, MPa]

@ @ ® @ @ ®

27 35 @D 270 330 @D
50 0.208 | 0.245 1.18 0.276 | 0.208 0.75
40 0.231 | 0.273 1.18 0315 | 0.231 0.73
35 0253 | 0.295 1.17 0.348 | 0.253 0.73
30 0.282 | 0.332 1.18 0.408 | 0.282 0.69
25 0.340 | 0.402 1.15 0.535 | 0.340 0.64
20 0.485 | 0.588 1.21 0.898 | 0.485 0.54
15 1.075 | 1.372 1.28 2.010 | 1.075 0.53
10 2.780 | 3.598 1.29 4.050 2.78 0.69

Table 8. Slenderness limit calculated for the compressive

steel ratio
Required reinforcement ratio [p, %]
i Compressive steel ratio [p”’, %]
@ @ ®
0 0.25 @D
50 0.208 0.210 1.01
40 0.231 0.233 1.01
35 0.253 0.254 1.00
30 0.282 0.284 1.01
25 0.340 0.345 1.01
20 0.485 0.502 1.04
15 1.075 1.160 1.08
10 2.780 3.036 1.09
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—m—=0.00%
wl o —0—p=0.25%
L ------- EC2 Provisions
wl L (p=0.25%)
|

Slenderness limit (//d)
S
T

=
o
T

0 L 1 L 1 L 1 L
0 1 2 3 4

Reinforcement ratio (p, %)

Fig. 10 Slenderness limit calculated as a function of compressive
steel ratio
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