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 REINFORCED CONCRETE.

1. The tensile and shearing strengths of conc are low as compared with
its comp strgth. Hence metal rods or shapes are embedded in conc struc-
tures in those portions subject to tensile and shearing stresses, and in such
positions as to take those stresses.

2. Uses. Reinfmt is used chiefly in the tension-sustaining portions of
beams and girders, (including floor-slabs), cols, walls, retaining walls, dams,
etc; but it is useful also in many other cases; as for preventing hair cracks
in surfaces, for which purpose a light web of metal (wire mesh. expanded
metal, ete) is placed a few inches back from the face; for preventing fracture
due to unavoidable sudden changes in cross-section; for joining walls meet-
ing at an angle and liable to settle away from each other; and in culverts,
enabling them to withstand hor tension due to the outward pressure of the
embankment. - For this purpose old ehains may be used, or light rails, with
bolts driven thru the bolt-holes, to increase adhesion.

3. Safety. Modern reinfd cone buildings are practically monolithic, and
therefore more rigid than skeleton steel construction.

4. On the other hand, in the steel building, the details are more accurately
worked out, and the work is usually erected by skilled men, often employed
by the steel mfrs; so that there is but little chance of damage to the material
in erection; whereas, in reinfd cone work, the best material may be injured
in the using, and the work thus rendered unsafe.

5. Good conc protects imbedded steel from eorrosion, both above and
below fresh or sea water level; but water may penetrate porous conec and
corrode the metal. Conec laid very dry is apt to be porous.

6. The steel, used in reinfg cone, has its ult strgth usually betw 50,000
and 70,000 lbs per sq inch, and its elastic limit between 25,000 and 35,000
Ibs per sq inch, but cold working may raise the elastic limit to 40,000 o1
50,000 lbs per sq inch. ‘‘Deformed ’’ bars are often rolled of steel with much
higher elastic limit (50,000 to 65,000 lbs per sq in claimed) for the sake of
economy of steel; but see Bar Reinforcement, pp 1296, etc. As in rolled
iron and steel in general, the elastic modulus may be taken as averaging
approximately 30,000,000 lbs per sq inch. See § 11.

7. Conecrete. In general the necessity of working the conc around the
reinfg bars requires that the agg for the cone in reinfd work shail be smaller
than would be permissible in unreinfd mass work; and the vital importance
of adhesion requires that all the materials for the conc shall be of the best, ;
and the mortar not too lean or too dry. !

Expansion, Contraction, Ete.

8. The shrinkage of conc, while setting in air, produces comp stress
in the reinfmt and tensile stress in the conc itself. Setting under water, the
expansion of the cone produces the opposite effects.

9. The linear expansion coeflicient, g, of a material, is that fraction
of its original length which a bar of it gains or loses for each degree of change

in its temp. Approximately: A Per degree,
Centigrade Fahrenheit

Insteel..... e 10,000 @ = 0.117 ) 0.065

In concrete....... .....10,000 a = 0.108 0.060*

10. The large number of reinfd conc structures which have been exposed.
for years, to wide extremes of temp, without injury thru difference in ex-
pansion, confirms the results of experiments, quoted above, asindicating
that the diff, betw the expansion coefficients of the two materials, is negli-

gible.

Elastic Modulus.
11. The elastic modulus, Eg, of rolled iron and steel, of all

kinds (p 460,) is remarkably uniform and constant, ranging ordinarily betw
27 and 31 (av, say 30) millions of lbs per sq inch = approx 1.9 to 2.2 (av,
say 2.1) millions of kgs per sq cm.

*W D. Pence, 1:2:4 conc, Jour Westn Soc of Engrs, 1901, Vol. 6,
p 549, 10000 a = 0.055 Fahr, results nearly uniform. Columbia Univ.
1:3: 6 conc, 10,000 a = about 0.065 Fahr.
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12. On the contrary, the elastic modulus, E,, of concrete varies
widely, not only as betw diff mixtures differently manipulated, and betw diff
specimens made under like conditions from like materials, but in one and
the same specimen under diff intensities of loading; so that, in stating the
results of expts, it is usual to specify the range of unit stress within whic the
observations were made.

13. In stone concrete, E, ranges from 1.5 to 4 (av, say 3) million
Ibs per sq inch, = 0.1 to 0.28 (av, say 0.21) million kgs per sq cm. See
Expt 81 @, p 1172. In cinder conc, E, is ordinarily from 20 to 50 %
less than in stone conc. See § 30, p 1274.

14. The ratio, n (sometimes called r and R), = E /E, betw the elas-
tic moduli of steel and of conc respectively, is usually taken betw 10 and
15 for stone conc, with higher values for cinder conc. See Specifications,
€107, p 1363. Owing to the variability of £ (see 4 12), it cannot be a
constant quantity, even during the range of a single experiment carried
from zero load to rupture. .

15. The ratio, n, is, however, of constant and important usein all cal-
culations respecting the mutual behavior of conc and steel. .

16. Considdre’s experiments (Expt 16 a, p 1314) seemed to show that
conc, when reinfd (being constrained, by its adhesion to the steel, to share in
its movemts), actually underwent, without iracture, far greater elonga-
tioms than were possible in unreinfd conc; but later expts (36,38,81e¢, 81 1)
in which the conc surface was more closely observed. have indicated that
the supposed elongation of the conc was in fact due to the formation of
cracks which had before escaped observation. - If the adhesion, betw the
conc and the steel, is uniform, the cracsing must be evenly distributed over
the area of contact, and the crac«s must therefore be very numerous and very
ﬁ?e, Izroba.bly so fine as not to endanger the materials thru the percolation
of water.

Adhesion. See Y 58, p 1294,

17. With rich and wet mixtures, such as are used in reinfd con-
struction, the cem adheres very closely to the steel.

18. After the adhesion proper has beern overcome, the removal of the
steel from the conc is still opposed by frietiom betw the two.

. 19. Upon the ability of this adhesion and friction to resist the forces tend-
ing to oveccome them, depends of course the safety of the structure.

20. Both adhesion and friction, and particularly the friction, are greatly
affected by the character of the conc and by its behavior under stress and
under temp changes, by the method of testing, ete.

21. In direct tests for adhesion, whether the steel is pulled or
pushed, the conc is always under comp, which causes some lateral expan-
sion of the conc, and therefore increased pressure upon the reimfmt. Hence,
the adhesion may be found higher than (other things equal) in beams, where
this condition does not obtain.

23, On the other hand, where the hor reinfg bars, in a beam, are bent
upward, near the ends, and pass up into the region of compression and (as is
often the case) to a point over the support, the high pressures upon the bar,
in those portions, may give it greater adhesion, as a whole, than could be the
ease with a straight bar under direct test.

23. With great lengths of imbedment, the stretch, in the steel,
under high tensile stresses, may be such as to contract the steel laterally,
sufficiently to reduce adhesion. Hence, tests where the steel is pushed info
the conc, show higher adbesions.

_24. Ultimate adhesion. In general, expts (see Expts 64 a, b)
give, as the ultimate adhesion of good conc to plain round rods, from |
to 300 lbs per sq inch of contact surface. With smooth round rods, in a
beam, Kleinlogel (Beton und Eisen, 1904, pp 227 et seq) obtained 560 1bs
per sq inch. The conditions of practice generally differ greatly from those
obtaining in the laboratory. . )

25. Working bond stress. In beams subject to shock, about. 50 lbs
ger sq inch; for quiet loading, about double this is sometimes allowed- See

pecifications, 9 113-115. .
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REINFORCED CONCRETE COLUMNS.

1. A concrete column usually has longitudinal steel rods embedded,
near the circumference, thruout its length. If there is no deflection, and no
slip between the concrete and the steel, the two materials must shorten
equally under load. Hence (p. 458, Eq (3) ) if L = original length, I =
change of length, a; and a, = cross section areas; s; and s, = unit stresses,

E, and E, = elastic moduli, of steel and of cone. respectively; we have

8y = Egl/L; s, = E, U/ Lj ceiicvnicinienes s ccnnnnirnee e cennennens O
and, since I/L is necessarily the same for both materials,
sg/8, = E/E, = n; 8§ = 8;Njuuu. ceneenee(2)
and
total stress in steel i A T S &)
“ ‘¢ ‘ cone = @ 8 e e s . (4)
“ “ " column =P =ags; + a8, =8, (a, + agn)...(5)
a, = P/sc——asn we(6)

s, = P/(a, + agn). (7

2. Example. A square conc col 16 ins X 16 ins, 12 ft long has, em-
bedded in each corner, a round steel rod 1 inch diam; cross section area of
each rod = 0.785 sq inch. Permissible unit comp stress, s;, on concrete, =

500 1bs per sq inch. Required the load which may be carried by the col. Here
Area, ag, of steel = 4 X 0.785 = 3.14 sq ins;
Area, a,, of conc = 16 X 16 — 3.14 = 253 sq ins;
E, = 30,000,000 lbs per sq inch;
E, = 2,500,000 Tbs ** * ‘s
n = Es/Ec = 12;
Total stress taken by conc = a, s, = 253 X 500 = 126,500 lbs
“ i “ " steel =a 8, = 3.14 X 500 X 12 = 18,340 lbs

“ ‘“ O COIUMIL ceereens eeeesssaressnersrssmsnecsnn rena-neens 145,340 1bs
3. Here the steel takes 100 X 18,840 = 145,340 = about 13 % of the
entire load, a safe proportion. This proportion should not exceed 20 %, or,
at most 30 %.
4. A convenient rule is to count each sq inch of steel, in cols, as
worth n sq s of concrete.
5. Conservative designers load conc cols approximately as follows:

Mixture
Length 1:1.5:3 1:2:4 1:25:5 1:3:6
diam . N p = Pla = Load, in Ibs per sq inch.
< 12 ORI 600 500 350 350
12t0 18.ueeeeeen 450 300 300

6. Longitudinal reinfg rods or bars are usually placed symmet-
rically near the outside of the cone, and are covered by from 14 to 2 inches of
conc. The rods should be tied together, by smaller rods or by wires, at in-
tervals not exceeding the diam of the col.

7. Specifications usually require that the aggregrate cross-section area
of compression rods shall not exceed from 2 to 3 % of the cross-
section area of the col.

8. In buildings of say three or four stories, the rods of each sec-
tion are bent in, near their tops, to form a cylinder, 18 or 20 ins
high, of smaller diam than the main cyl below; and the section next above
fits down over this portion, so that the two sections overlap the length of
the reduced portion. i

9. Owing to their much greater cross-section areas, and to the lower unit
stresses in their materials, reinfd conc cols are much less liable to failure by
deflection than are steel cols. .
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10. For ultimate loads on longitudinally reinforced con,
crete columns liable to deflection, we have the Rankine formula.

P s .
P = T T T g m R @
where
P = ult total load on col;
a = cross section area of col;
p = P/a = ult unit load on col;
8 = ult comp unit strgth of conc cubes;
K = L/r = length/least radius of gyration;

Prof. Mérsch gives m = 0.0001. Eisenbetonbau, 08, p 73.

Hooped Columns.

11. Columns reinforced with hoops (or spirals) of steel, or with

web reinforcement bent into cylindrical form, show high ult strgths and are
largely used; but they undergo considerable deformation before the strgth
of the hoops is developed; the hoops acting much like a steel cylinder,
filled with sand, such cylinders being unable to act until the sand is com-
pressed.
. 12. Expts at Watertown (Tests of Metals, 1905) show that, when the col
is subjected to loads of from 100 to 1000 1bs per sq inch, the unit lateral de-
formation is less than one-fourth the unit longitudinal deformation. Thus
if the col shortened 0.0004 of its length, its diam increased less than 0.0001 of
its original dimension.

13. From tests at the Univ of Illinois (Am Soc Testg Matls, Procs, 1907
p382) Prof. A. N. Talbot derives the following formulas for the ult strgths of
hooped cylindrical conc cols, 1 ;2 : 4, wet mixture, av age, 60 days; cols
12 ins diam, 10 ft long. Covering, over the hoops, generally < % inch.
gl.oops,tl inch I:vide, gage Nos 8, 12, 16, electrically welded, spaced generally

insc. toc. et

P = ult strgth of col, lbs per sq inch;
c = ratio of hooping to conc core;
1600 = comp strgth of conc, lbs per sq inch.
Then,
For mild steel, p = 1600 + 65,000 c;
‘ higher * p = 1600 + 100,000 c. ... ...(10)

14. Assuming that the ult unit stress, in longitudinal col reinfmt, is 25
times that in the cong, the hoo, ing gave additional ult strgth from 2 to 4
times that given by longitudinal reinfmt.

15. M. Considére’s expts (Génie Civil, Nov 1902), with spirally reinforced
conc cols, indicate that the bars, forming the hoops, should have a diam of ap-
proximately 1/40 of the diam of the col; that the pitch of the spirals (dis-
tance between hoops) should be from !4 to 4 the diam of the col; and
that the steel, in the hoops or spirals, adds, to tehe ult resistance of the col,
2.4 times as much as the same weight of metal used as longitudinal reinfg.
He gives the formula '

Ultimate total load oncol = 1.5a,¢ + 8, (@ + 2.4 A) weene veeenenne(11)
where N

a, = cross section area of col inside of spiral;
= ult comp unit strgth of plain cone in short blocks;

c

8, = elastic limit of steel;

a = cross section area of existing longitudinal reinfmt;

A= “ “ * longitudinal reinfmt of equal wt with the
spiral. .

1.5 a,is taken as representing the area of the entire conc cross sec.
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: Column Footings.

16. In a column footing, the stresses are analogous to those in a
floor slab resting upon a col; but, owing to the relatively limited spread of
the footing, the moments and shears are heavy, requiring considerable
depth. The heaviest stresses are under the edges of the col. Hor rods, in
the footing, are analogous to rods near the top of a beam, over the support;
i.e., they take negative moms, and some of them should be bent upward,
or provided with stirrups, just beyond the edges of the col.

17. Figs 1 and 2 (T & M, pp 261; 262). Fig 1: Two series of main
reinfg rods, a a’, b b’, crossing at right angles under the col, with diag rods,
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Fig 1. Column Footing.
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¥ig 2. Column Footing.

d’, d d’. TFig 2: Combined beam and slab. Side wings of slab tend u'
end upward, breaking away from the beam at C and C.
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REINFORCED CONCRETE BEAMS.

. 1. Conc is ordinarily from eight to ten times as strong in comp as in ten-
sion. Hence, in an unreinforced conc beam of rectangular section, under
bending stresses, failure occurs on the tension side.

2. The ease with which steel can be embedded in conc, the practical
equality of the expansion cceffs of the two substances, the strong adhesion
between conc and steel and the practicability of supplementing this adhesion
by lugs or other lateral projections from the surface of the steel, facilitate
combinations in which the principal service of the cone is to resist comp,
while that of the steel is to resist tension.

3. The method of manufacture of conc is such that its behavior,in a given
case, is less certain than that of steel.

Owing to this and to uncertainty, as to the degree of adhesion betw cone
and steel, on which their united action depends, the theory of such beams
is at once more complicated and less exact than that of steel beams of eco-
nomical sections. In the design of reinfd conc beams, proper allowance must
be made for this fact, and extreme refinement is out of place.

General Theory.
4. Simple reinfd conc beam, of rectangular section, Fig. 1.
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Fig 1. Reinforced Concrete Beam. Theory.

Fundamental assamptions.
1. Cross sections, plane before flexure, remain plane under flexure.
2. Initial stresses (from shrinkage, etc) are neglected.
3. No slipping occurs between conc and steel. Hence they deform equally.
4. The tensile resistance of the cone is neglected.
5. The elastic moduli, E; and E, of steel and of conc respectively, and
hence their ratio, n = Es/Ec' remain consteat.
5. Notation. Referring to Fig1, let:
b breadth of cross section of beam, perp to the paper;
d dist from comp side of beam to cen of grav of steel;
kd “ “ “ e “ “ “ neutral a.xis;
“ “ “ oo “ ¢ resultant of comp forces;
“ ¢ cen of steel to neutral axis;

=
T
x
~ n
. &
(N

d' = jd ¢ e wwe e ¢ regultant of comp forces
leverage of resisting couple;
i =4d/d;
E; = elastic modulus of steel; E, = elastic modulus of concrete;
e, = unit elongation of steel; e, = unit shortening of concrete;*
fs = unit tensile stress in steel f; f, = unit comp stress in concrete;*}

*In the outermost fibers on the compression side of the beam.
t /3 and £, are the actual unit stresses. See 9 13, p 1286.
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