TABLE 3. USE ONLY FOR CONTINUOUS BEAMS

Safe Loading and Reinforcement for Rectangular Beams One Inch in Width. 1:2z:4 Concrete. Mild Steel.
Based on M = 'f;,: n = 15, f, = 650. fg = 160c0. (Seep. 508 and ttem 18, p. 519.)
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Total Safe Load (w) per Linear Foot for Beam One Inch Wide including Weight of Beam [
. For safe live load deduct weight of beam in column (22)

(See important foot-notes.)

Depth to
~ Safe Moment of

Steel.

Depth Below
Steel
Resistance,
(See p. 753.)

Weight of Beam

One Inch Wide
per Linear Foot.
Steel Areain a
Beam One Inch
Wide.*

2

Span in Feet (I).
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For safe load of any width of beam multiply by width in inches.
For area of cross-section of steel for any width of beam multiply column (25) by width in inches.

Total loads for other spans (/) and the same depth of steel are inversely proportional to the squares of the spans.
Total loads for other depths of steel (4) and the same span are proportional to the squares of the depths of steel.
The values in this table may apply to a very carefully graded 1 2% : § mixture.

* This is for a ratio of steel p = 0.0077 (0.77 per cent) which is required for the given working stresses.

TABLE 4, USE FOR END SPANS OF CONTINUOUS BEAMS, FOR SUPPORTED BEAMS DEDUCT 20 PER CENT.
Safe Loading and Reinforcement for Rectangular Beams One Inch in Width. 1:2:4 Concrete. M 2ld Steel.

Based on M= o e= 15, fe = 650, fs = 16 coo (Sce p. 508 and item 18, p. 519).

Io

2 s :
For M = Z.D; ~ deduct 20 per cent from safe loads, using same steel area.

Total Safe Load (w) per Linear Foot for Beam One Inch Wide including Weight of Beam.
For safe live load deduct weight of beam in column (22)
(See important foot-notes.)

Steel.

afe Moment
[ Resistance,
(See p. 753.)

Depth to

Depth Below

Span in Feet (I).
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Beam One Inch
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Wide. #
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For safe load of any width of beam multiply by width in inches.
2. For area of cross-section of steel for any width of beam multiply column (z5) by width in inches.
3. Total loads of spans (/) and same depth of steel are inversely proportional to the squares of the spans.
4. Total loads for other depths of steel (d) and same span are proportional to the squares of the depth of steel.
§. The values in this table may apply to a very carefully graded 1 : 24 : § mixture.

* This is for a ratio of steel p = o.0077 (0.77 per cent) which is required for the given working stresses.
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§12 ! * TABLE 5- Continued.

TABLE 5. USE FOR DESIGNING SLABS, IF FULLY CONTINUOUS, ADD 209, : iy T
TO LOADS

Safe Loadings per Square Foot and Reinforcement for Slabs for Various Working
Stresses in Steel (fs) and Concrete (fo). (See pp. 508 and 420.)
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Total safe load (w) per square foot ineluding weight of siab.
For safe live load deduct weight of slab column (15)

per
resist-

(See important footnotes.)

slab.
of

steel.

# Safe moment
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@
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12 2 :
Based on M = !110 For supported ends, {Lf = ES— ),deduct 20% from loads, For fully continuous,
2 y

(M = 2—11’-2- ) ,add 20%. Forsquare slabs multiply by 2. Use same steel area always.

Total depth of

Depth below
tion of slab one

square foot.
“foot wide,

Span in feet. (1)

Weight of slab
Steel area in a see-

@ Depth to steel,

’«'"
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Total safe load (w) per square foot, including weight of slab.

foot

For safe live load deduct weight of slab in column (14).
132 92 67 52 32088 .16z 3952 )
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3260 226 166 127 101 81 4521 | § .254 0770

(See important foot-notes on opposite page.)
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2. Total loads:for other spans (I) and.game depth of steel are inversely proportional to
28800 i the squares of the spans. .

41470 Bl 4. Totalfloads for other deYths of steel (d) and same span are proportional to the squares
36450 g of the depths of steel.
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TABLE 6. USE FOR REVIEWING DESIGNS, IF FULLY CONTINUOUS
ADD 20%, TO LOADS.

Safe Loads per Square Foot and Reinforcement for Slabs. Proportions 1:2: 4.
(See p. 508).

3

12

wl? W
For supported ends, | M = s

Based on M = .

10
fe =or< 650 n=15
fs = or < 1600

) , deduct 20% from loads

5

For fully continuous, ( M= 13 ) , add 20% to loads

wi?
For square slabs, (M — 2?) , multiply loads by 2.

|

O T

Total safe load (w) per square foot including weight of slab.

For safe live load deduct weight of slab in column (15).
(See important footnotes,)

Ratio of cross-seetion steel
to beam above steel

E'E Total depth of slab.

—_
)
—

Span in feet

(L)

Weight of slab per square

Depth to steel.

R

5'E Depth below steel.

m

slab one foot wide.

2  Steel area in a section of
o

Safe moment of
resistance.

See
p. 753
(M)
in. lb.

60
125
190

297
428
582
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3986
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|
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381
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107
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61
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2%3
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697
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948
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253
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348
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I21
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339
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. 6oo|
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(19)
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3760
S7oz

8910
12830
17460

22810
28870

3510
7324
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17340
24970
33980

44380
36180

5160
10770
16310

25490
36700
49960

65260
82600

6610

13790
20900

32050
47020
64000

83600
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14820
22460

35000
50520
68750

89800

113700
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TABLE 7. CINDER CONCRETE SLABS
A ratio of elasticity of » = 33 is used in the table below, although it is
permissible to design with a ratio of 15 in very conservative practice.
The loads for slabs with a ratio of steel of 0.002 are limited by the work-
ing strength of the steel, and the values with the higher ratios by the work-
ing strength of the cinder concrete. '
It is noticeable that less steel can be used economically for a given thick-
ness of slab than with broken stone or gravel concrete, because the strength
of the slab is more apt to be limited by the strength of the cinder concrete

thaa by the strength of the steel.

Safe Loading and Reinforcement for CINDER CONCRETE SLABS One Foot tn Wedth.

Proportions 1:2%:5. Mild Steel. (See p. 515).
2
Based on M = % fo =or< 225, fg=or<14000, n=35

| | | | |
Total safe load (w') per square foot including | |
weight of slab. !
For safe live load deduct weight of slab in
column (12).
(See important foot-notes.)

_slab.,

Total depth of
Depth to steel.

Span in Feet (1)

Weight of slab per
square foot
Depth below steel.

—-
o
=

Ratio cross-section steel
to beam above steel

3
=

in. | 8

Steel area in a section
of slab one foot wide.

=

Safe moment
of resistance.,

T~
g
&

| (12)
48 i
40
I1g9

166
192
251

392
565
768

13)

(
0.042 |
.054 |

. 066

.078
.084 |
.096 |

120

2344 |
. I68

* Percentages of steel are values in this eolumn multiplied by 1oo.
Gompres_swn in eoncrete under tabular loads with the different percentages of steel:
Hatiootsteal oo oo b ool Do 0.002 ©0.004 0.006 0.008 o.010
Compression in concrete, Ib. per sq. in 370 500 610 650 650
Ruwgs. 1. For load for any width of slab multiply by width in feet.
2. For area of cross-section of steel for any width of slab multiply column (18) by width in feet.
3. Total loads for other spans (1) and same depth of steel are inversely proportional to the
squares of the spans.
4. Total lfﬁdsffo:eg{her depths of steel (d) and same span are proportional to the squares of the
of steel. :

76 24 084
125 | 29 2t . 108
187 ; ‘ [ L* a4 J132

| |
261 ; | 39 L156
203 | 43 . 168
396 | | 129 48 | 0.192

=

619 | 202 | 58 .240
891 | 291 68 | I | 0.288
1213 | 396 , 77 1 0.336

86 | 28 24
141 46 | 35 29
211 6g | 53| 42| 34| 34

-

162

58| 47| 39
68| 55 | ~43
88| 72| 48

1385 11z | 58

199 | 161 | 68

270 | zxg‘ 79
{ |

295
342
447

|
|
| 698 i | | 228 | 175
[ 7‘ 1005 328 |2SI

96 | 174
112 | 85
‘ 146 | 112

O RS Rk

8 1368 447 | 342 |
| ;

# Percentages of steel are values in this column multiplied by 100,

Rures. 1. For load for any width of slab multiply by width in feet.
2. For area of cross-section of steel for any width of slab multiply
column (13) by width in feet.
. Total loads for other spans (&) and same depth of steel are inversely
proportional to the squares of the spans.
. Total loads for other depths of steel (d) and same span are propor-
tional to the squares of the depths of steel.
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TABLE 8. USE FOR BEAMS WITH STEEL IN TOP AND BOTTOM.
Constants for Delermining Depth of Beam, Momentof Resistance, and Fiber Stresses for
Different Percentages of Steel. [See p. 428.] (See Example on page 470.)
Ratio of Elasticity of Steel to Concrete, n = 15.

[

Depth of beam e \/ bfib or —\/ Z}f]gg— whichever is greater
c be sls
M el
Fiber stresses, fc = C“_c b—(i; ’ fs = e ba fs = Clabd:

Moment of resistance, M = f,C, @ or f,Cb @2, whichever is less.

Rule 1. To determine Depth of Beam: .

Assume p, ratio of tension steel and p’ ratio compression steel.

Assume a, ratio depth of steel in compression to depth in tension.

Locate these values in table and find C; and C; corresponding.

Substitute values €', and Cj in formulas for depth, d (above.)

Accept the larger value as depth from compressed surface of beam to center tension steel.
Rule 2. To determine Fiber Stresses and Moment of Resistanee in a given beam:

Compute p and p’ and a.

Loeate these values in table and find requited constants. .

Substitute values in formulas above and obtain required stresses or moment of resistance.
Rule 3. To determine Depth of Haunch at support of a beam or girder.

Decide tentatively amount of steel in tension and compression.

Assume a trial depth of haunch.

Determine by Rule 2 the fiber stresses.

If stresses are not as required, assume new depth of haunce and re-compute.

(See Example 6, page 470.) - ; AR
Rule 5. To interpolate values of any C when required ratio of p to p’ is given in table:

Erample: Given a = 0.15, p = 0.012, p’ = 0.006. Then p’ = 0.5 p, and interpolating
in this group between p = 0.1, p’ = .005 and p = .015, p’ = .0075. gives €, = 23 and Oy =
0.0103,
Rule 5. To interpolate values of any C' when required ratio of p to p’ is not given in table.

Brample: Given a = 0.1, p = 0.013, p’ = 0.009. Then p’ = 0.69 p, which lies between
groups p’ = 0.5 p; and p’ = p.

Find by interpolation in group p’ = 0.5 p; for p = 0.013; p* = 0.0065, ', = 24 and €5 _
0.0114.

and in group p’ = p; for p = 0.013 and p’ = 0.013; €' = .29 and U= 0115,

Interpolate between the two above values and find for p = 0.013 and p’ = 0.09, €', = 0.26
and C = 0.0114,

Ratio Cross Section of Steel in Tension to Concrete above it.
Ratio Cross Section of Steellin Compression to Concrete.
Ratio Depth of Neutral Axis to Depth of Tension Steel.

o Cg, €% = Constants in formulas above.

[ we | e grofie |y

¢= 0.05= Ratio of Depth of Steel in Compression a= o, 1=Ratio of Depth of Steel in Compres-
to Depth of Steel in Tension. sion to Depth of Steel in Tension

| | |
0.00125 ‘0.307 0.15 06,0046 o. .oo125 0.310
0.0025 | 0,394 0.20 0.0088 o. . 0] ,0025 | 0.398
0.00373 0.450 0.24 '0.0130 O. 5 00345 0.454
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TABLE 8,—Continued.

p = atio Cross Section of Steel in Tension to Concrets abo i
p’= Ratio Cross Section of Steel in Compression to Cuncret:.e 5
k= Raﬁ? Depth of Neatral Axis to Depth of Tension Steel.
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TABLE 10. TABLE FOR CONSTANT C,

TABLE 9. FLAT SLABS.

Data for Determining Depth of Beam, Moment of Resistance and Reinforcement

Data. for Determining Bending Moments for FLAT SLABS SUPPORTED
ON COLUMNS.

T'o be used in formulas for Depth of reclangular beam or slab. d = (' ﬂf
(See page 485). For example, see page 487.

S bda
and ¥n formulas for Moment of Resistance M — “(_‘T;'

(See pp. 418 and 754.)

Rule, To find maximum bending moment in a flat plate loaded uniformly and supported on
columns, or other fixed supports:

Determine radius of support, g, and radius of surface assumed to act as a fixed cireular plate,
ry, (for a floor area this may be taken at ! the diagonal distance between the circumferences of
the support plus the radius of the support). f

Compute load per linear foot, g, on outer edge of the circumference (see p. 485).

Take for w the load per square foot on slab.

Select a proper value for Poisson’s ratio, g, using 0.1 ordinarily.

Substitute corresponding constants in formulas

Max. My = wrg? (0.2 + C; + Cy)
Max. My = g7y (C, + Cp)

These are moments at edge of support causing radial fiber stresses.

* Sum of these bendingmoments (Mp + Mp) gives the total bending moment, M, to use in
finding depth of slab required at support and amount of steel, from ordinary beam and slab form-
ulas,

Note that if w is in pounds per square foot, g, in pounds per foot of length and, ry, in feet
the moments, My and Mg will be in foot-pounds per Yoot of width or in inch-pounds per inch of
widthof theslah. If momentsat other points are required, use formulas'(54) to (57) on page 485

| : Constants in formulas (52) to (57), pages 485 and 486.
| Ratio outer

e e e e s e e
| radius For uniformly distributed loading. For circumferential loading.
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Based on dimensions in inches and moments in inch-pounds.
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tral Axis to De

Ratio Depth of Neu-
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Ratio of Moment

CONCRETE i = 10
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RATIO OF MODULI OF STEEL TO
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of Constant C.
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Ratio Area of Steel
~ Bafe Weorking Value

-~
<]

12000

B ] ] -
0V oW BWRH OV 0r xOhtnd LB

»
-

So0
550
6oo

650
700
750
800

Soo
550
6oo

650
700
750
800

500
550
Goo

650
700
750
8o0

500
550
Goo

650
jo0
%50
8oo

500
550
Goo

650
700
750
8ao

0.314
0.333

0.331
0. 368
0.384
0,400

0.263
0.281

0.318
©.333
0.348
0. 304

0.238
2.256
0.272

0.288
0.304
0.319
0.333

0.200
0.2317
0.232

0.246
0.259
0.272
0.285

0.172
0.185
0.200

0,213
0.226
0.238
o.251

0.200 |

0.294 |

0.902
0.895 |
0.889

0.883
0.877
0.872
0.86%

0.912 |
0.906 |
o.gou{

0,894

0.88g |
0.884
0.879 |

0.921
0.915
0.909

0.904
0.859 |
0.894 |
0.88p

0.933 |
0.928
0.923

©.918 |
0.914
0.909
0.965

0.943 |
0.938 |
0.933

0.929
0.925 |
0.921 |
0.916 |

0. 0001 |
0.0072
0.0083

0.0095
0.0108
0.0120
0.0133

0.0047
0.0055
0.0064

0.0074 |
0.0083

| 0.0093

0.0104

0.0037
0.0044
0.0051

0.0058
0.0007
0.0075
0,0083

0.0025
0.0030
02,0035

0. 0040
0.0045
0.0051 |
0.0057 |

0.0018
0.0021
0.0025

0.0029
0.0033
0.0037
0.0042

¥4 Nore —For intermediate stresses, ir;t;rp.ol_a;e.

Q00

o oo

00O

G0 0o oo




520 A TREATISE ON CONCRETE

TABLE 1. DATA FOR DETERMINING DEPTH OF RECTANGULAR BEAM
OR SLAB OR MOMENT OF RESISTANCE FOR DIFFERENT PERCEN-

TAGES OF STEEL.

Ratio of elasticity, # = 15.
Rule 1. To find depth of beam or slab for a given percentage of steel: _
On line with the given percentage, select the higher value of C. This,
substituted in formula
/M
e st
o

(see p. 418), gives the smallest permissible depth. Thus for o.004 steel ratio
the value of G from column (9) must be used instead of from column (6)
because the latter would stress the steel to 23 700 pounds, which would not
be allowable., It is evident also that the ratio of steel is too low for econ-
omy, because concrete-is stressed only to 440 pounds.

Rule 2. To find amount of steel for a given beam or slab and given load-
ing with stress in concrete limited to 650 pounds per square inch and stress
in steel to 16 coo pounds per square inch:

bd: g
Compute value of C from formula M = “7 (see p. 754). Locate this

value either in column (6) or (g), whichever satisfies the allowed stresses, -

and find the corresponding value of p in the first column. ~Thus, if C =
0.097, it must be located in column (9) instead of column (6), because the
latter would give a higher stressin steel than is allowable. The desired ratio
of steel is therefore o.co7y. If C = 0.088, it must be located in column
(6) because column (g) would give too high a stress in concrete.

|
|

Constant in formula

M
b

b

650
o
to fs

o
see page 418

th of steel

Lb.per sq. in.

see page 418
d

Lb. per sq. in.
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tral axis to depth
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of steel.

to depth of steel.
strength of concrete |
in steel correspond- -
ing to f,

Maximum fiber stress
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streng
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Maximum fibre stress
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TABLE 22, PROPORTIONAL DEPTHS OF NEUTRAL AXIS

The table below gives the proportional depths of the neutral axis calcu-
lated from formula(6) on page 420 for various percentages of steel and
moduli of elasticity. Its use is nof advised for ordinary calculations of
moments of resistance and dimensions of beams or slabs, because it presents
no mean s of determining, without further calculation, the stress in the
steel or the concrete, and therefore is liable to lead to uneconomical design.
Its principal use is for determining the moment of resistance, and conse-
quently the safe loading for beams already built.

Proportional Depth of Neutral Axis below top of Beam for different per cents of
Steel and various assumptions of Elusticity. (Sez p. 310.)

k

Ratio of depth of neutral axis to depth of center of steel below most compressed surface of beam:

Ratios of Modulus of Elasticity of Steel to Modulus of Concrete in Compression, Es

¢

to aren of cross-section 9

Ratio of area of steel
of beam above steel.

6 7-5 10 12 I5 26 30 33




