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· sing t h same data as before and applying t he equa-
t ions to the beam t ested we obtain :

x = O'444 
e= 2750 lbs. p r square inch. 

l!i= 568'5 I 2. M2 

t Professor Batt obtains :-
M 5 ex· . . 
M ' = 12 + Pi(u -=- x) ... (1) 

2 \1" ' 
- 3 ex = h··· (2) 

P E (u _ x) = ~ X2 ••• (3) 
E c 3· 

(3) can be si.mplified by slOlving for x thus :-

x = r 3 p Es u _ ~P E· ... (4) 
..; 2 E c 4 E~ 

(1) may . be simplified t hus :-

~. = Pi (u - 3X ) . (5) 
bh 2 , 8 

sing the same data as before and applying the re-
sults in a similar manner we obtain:

x = 0'4 
e = 2835 lbs. per sq uare inch . 
M 
~ = 567 M2 

P r ofessor Hatt, however , uses data which appear to 

differ from t he author 's, and if t hese had been insert ed 
the r esults would not be t he same. For instance he 
gives :-

E . = 7·5 Instead of 12 or 15. 
Ec 

This appears to be due t o a want 'of agreement. in the 
definition of t he coefficient of elasticity. 

If we r equire the coefficient of elasticit y in a con
crete prism for a cer tain intensity' of st r ess, according 
to P rofessor Hatt ·- the prism should ,be loaded to this 
stress and t he strain n'oted, then t he load is to be re-
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moved to zer o a nd the permanent strain n'oted. The 
ra t io of the s t ress t o) t he differ ence of the t wo strains 
is t ermed the modulus of elasticity. 

The following Table XX. gives the ID'odulus of elas
ticity obtained in this way by Professor H att:

TABLE XX. 
PROFESSOR HATT'S TE T S OF CONCRETE IN 

COMPRE SSION. 
~ 

~ 
~ .S ..., 

00 ' ;:;1 m " '" 
" 1'l§ '" 0 

C E .~ 
o~ ~ :3 ~ ·s 

" '" .;:J ..., )II 
.~ " c:l it '" ij 'O 
'" :3 '0 

.S '0 -'" ~~~ g '6 0 0 
0 

" " 0 o:C :5 'tj .. > 0 .. 
0 <I Z Z o <I 

.;: 
~ .c . g,.E 

C) ot< 
-tl ~~ 
",l;; 
... ", 

" E .. 
;e :9 ~ 
P -< 

STONE. 
1 - 2-6 Wet 90 ~ 14 531 765 378 2483 2710 
I -I, 11-5 

piasUc 
90 3 10 431 504 326 2482 2986 

I - I, 6-5 90 3 15 421 504 380 2576 2610 
Average of all, 90 days._ 39 461 2513 

1 -1-5 Wet . '1 
28 3 . 11 288 314 217 1836 1990 

I- I, 6 -5 '28 3 2~ 374 515 270 2296 2598 
I - I, 6- 5 piast"ic 28 3 J3 341> 488 . 200 2070 2450 
Average of all 28 days. , 48 335 2067 

I 

Average of all stone 398 2296 
~ 

GRAVEL. 
1 - 6 Wet 90 4 23 474 1030 266 2855 3990 
1-5 

Piastic 
90 3 15 555 760 420 29~3 ~520 

1- 5 90 3 17 412 767 306 2625 2985 
Anrage of all, 90 days. 5,<; 480 2804 
~8 W~ 2q 3 17 371 552 222 2293 2590 
1 -5 .. 28 3 23 356 455 267 2290 3280 
1-5 Plastic 28 3 20 402 520 271 2136 2333 
Avera ge of all 28 daYB . . 

'. 60 379 2239 

" 

Anrage of all gravel. 42D 2521 

Average ratio of Modulus in compress ion to Modulus in Tension 
= 0.<; 

Average ratio of strength in compression to strength in tens ion 
= 8.5. 

(For I-I, 6-5) , and 1-5). ' 
Average rati o of Modulus of wet · mixture to Mo6'ulus of Plastic ' 
mixture = 1.08. . ' 
Average ratio of s treng th" of wet mixture to strength of Plastic 
mixture = 1.00. 

2268 
2030 
2530 

1730 
2Q30 
1730 

2290 
2289 
2240 

1890 
1490 
1890 
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. :Mr. Went worth (*) has calculated the fall'vwing table 
lfor the depth of the neutral axis, the area of steel 
r quired for yal:ious intensities '·of.' stress in the steel 
T inforcement. 

It will b noted that decreasing the intensity of stress 
in the. steel, th str s in the concr te remaininO' con
tant l'owers th neutral axi and consequently increases 
ih r esi tance of the se tion. 

~ . 
~ 

'Stone concrete 
Cinder " Stone .. ~nolitlric top 
Oinder 

" " 
Stone concrete 
Oinder I 

Stone 
" 

granolithic top 
Oinder " " 
stone ·concrete 
.()inder " 
'Stone -" granolitlric top 
.cinder 

Stone concrete 
Cinder 
Stone 
Cinder 

" granolitlric- top 

T ABLE XXI . 

"cis] .gg:; 
., 0 
c~o 

~;~ 
c;e§ 

:s~i ~ go ;5..8 
• A 

I 

II 
Ii 

0'273d 
0 '333tl 
0'292d 
0' 355d 

0 '300d 
0 '364d 
0'320d 
0'386d 

0' 333n 
0 '400d 
0 '355d 
0 '423~ 

0 '3iM ° 444d 
0 '397d 
O·4r.8d 

' '0 .:.g 
.~ .~ .!!I ..... ., ... 

"' '' 
Qj g'gj ~ g: ".., ., . ., " b~e Ch-g.:l 

~.., 

o~g- ~oC) 

~2l ':; 
· ~li.s - ~§.;l 
<I • ::a 

, 
0'Q51d 744d2 
0'050d 71ld2 
0 '060d 870d2 

0 '059d 826d2. 

f _ 14,000 Ibs. per sq. m Oll . 

0'0643d 

I 
BIOd2 

0 '0623d 767d2 
D'0755d 944d2 
0 '0728d 888d2 

. f = 12,000 Ib~ . per sq. m ob. 

0 '0833n I 889d2 
0'0 OOd 832d2 

0'0976d l 033d2 

o '093In 959rl2 

f= ) 0,000 lbs. per .q. llWlJ. 

0'1l25d I 984d2 . 
0 'H166d 90Sd2 
0-UH2d 1l ~8d 2 

t 

O'1236rl 1 04~~2 
=-------

Oon i&ere and Ohristophe use a ratio of 15 to 20 lu 

order ·to · allow . for the reduct ion in the value 'cif 'E-c 
. befor r upture, but again the rupture would be about ' 
one half as much I ~f ~rofel3s'or H att's method were 

·ad'vpted. '. :. ': " . i -

. (*) Discussion on Concrete Steel, Tran. m. Soc. c.E., vol. 
LIV., Part 1., 1905. 
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Professor Hat t has given -equations for the determi
nation of :l , M and (J for load less than those which 
produce a crack on t he tension side, and p'uints out 
clearly t he necessity of using the corre'ct values of t he 
coefficient of elasticity fo r th particular stress . s 
developed in t ension and 'Compressiun in a r infore d 
concrete beam. Th real difficulty in 'obtainino- corre t 
result for teel concrete work con ists . in knowing 
accurately t he str ngth and coefficients of elasticilt of 
t he various mat erials employ d under the condiHons 
existing. I 

'ccording to Professor Batt, I' cent xperiment s in 
the nit ed tates tlh'uw that v ry fin haiI'oCrack dev lop 
in concr et e b ams at a periud of deflection which Ot'
responds with a str ss of not more t han 2Uuu 'to 3000 
lbs. per square in h in th st 1. Professor H at t, how
ever, in his OWn laboratory t ests 'uf beam did not obtain 
visible cra .ks until a st ress of about 20;OOO'to 27,000 lbs_ 
per quare inch was dey loped in the steel. 

The author did not ob erv-e any racks in the beams 
t est ed by hi1)l at a lower estimated tltress than 20,000 
fibs . per square inch. 

Considere (*) first p'ointed out that armoured 'Coner te 
can not only support with~ut fracture much greater 
~xtension or stretching t han t hat which br aks un
a rmoured concret~, but also p'ossesses after these con
s iderable deformations a resistance to tension com par
~ble with, and perhaps equal to, that of concrete which 
has not undergone a ny previous deformat ion , These 
r esults have been crit icised by several stee'/ concrete 
a uthorities in America, a nd Consid ere (t ') has since 
made further experiments which confirm his previ'Jus 
conclusions_ 

(*) Comptes · Rendus de l' Academie des Sciences, P aris. 
~t) Also 1905, VIJI. CXL., pp. 29 1-5. . 



2LO RE INFOROED CONCRETE , 

It is m'.)re or less t rue, however , that structures of 
armoured concrete generally show cracks, and the pr in-, 
cipal cause of this is that concrete, exp'osed to dry air 
afte~ manufacture shrinks considerably for some days 
and has but small r e ;istance. • If t his contraction is' 
hindered by the metallic arm'uuring cracks are generally 
pr oduced, at first invisible, but afterwards opening out 
and ext nding when t he ' st r ucture is subject ed to ten
sion. On th ot her hand, if the concrete is kept moist 
for a sufficient time after manufacture there is no 
shrinkage and no tendency to fract ure while the material 
is acquiring l' sistance and ductility. The c'()llcrete -steel 
tcnds to shrink when it is no longer kept m'oist but it 
then pos ess s high I' sist ance, and does not crack in 
spite of the opposition to shrinkage 'presented by the 
n lvsed metal. 

SHEARING S'fHESSES . IN STEEL· CONCRETE . 
BEAMS AND THE METHODS EMPLOYED 

TO RESIST THEM. . ~ 

'When a steel·c'oncrete beam r einforced in a horizonta~ 
plane only is -s ubject ed to a uniformly distributed load, 
-it tends to fail near the ends by cracking on the tension 
'side in a direction inclined tuwards the 'centre o.f the 
'1> am, following the full lines in Fig: 17. The inclio.a
'Uon of the cracks is 45 deg. To prevent this cracking, 
t he beam should be reinforced in a ver tical plane by 
In~ans of bars arranged' ve'rtically or inclined at 45 deg. 
slopi~g away f~om the -c~ntre 'of the beam. 

. The cr;icking :is 1l).o~e likely to ~CcUL' ,wit h di-strjbut ed 
I • • , . ~ • • • 

loads than' with 'a load ·o.ncentrated at the centre as hi 
testing, . i nd it is mo~e lil~ei; to ~ccur in deep beamS 
than in shallow beams as in butb cases tbe shearing 
forces ' are greater. In a steel-concrete beam properly 
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Qesigned, a cra'ck should appear on the tension tace 
before the elastic limit of the , steel reinforcement is 
J'eached. Before a crack has developed, the internal 
stresses will f.>llow the curved lines shown in the figure 
in which the full lines denote compression and the thin 
lines t ension; these lines intersect the· neutral axis at 
:an angle of 45 degrees and equilibrium is established 
ftmong the interna.I stresses, and no reinforcement ~s 
needed . . 'Vhen a crack has developed, ,the thick 'Curved 
t 

nines should bee1iminated below their intersection with 
the neutral axis, and tangents tv the curve at the point~ 
·where they intersect the neutral axis continued to their 
intersection with the horizontal r einforcement at the 
under <side of the b~am, show th~ al!e~~d directions of 
the lines denoting the int-ernal stresses. These inclined 
lines may be resolved horizontally and vertically a t the 
'P'vints where they intersect the horizontal reinforce· 
Inent, into horizontal! and vertical c'omponents of equal 
'intensity; the former are r esisted by the horizontal 
Teinforcement, the latter mu~t be resisted by ve~tical 
'Stirrups or preferably by inclined bars, the sectiona:l 
area and spacing 'vf which should be made prop'ortional 
"to the shearing stresses developed. , 

If. the beam' is s'ubjected tQ a uniformly distributed 
lead, the distrjbuti'on of !lending moments along the 
beam is r epresented by a p~rabola, Filg. 18, the equation 
being:--< : ' 

I 

. , 

'Vhere y = the bending moment at any dista.nce x mea.
sur~d fr'om Ute origin. 

\ 
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~--- ; .-- ~---! .. -.--.- .. ···l···-····· :··· ····: ·- ······· ... ~ 

'~:~i'L .J :1 "':\:. :\:/::./:/:' I 

..I ~y\ ' 
F'J' :20 

w = the uniform 
l = the span. 

l ~ad per unit of length. 

U a = the area of 
, . 

the horizontal reinf<>rcement in. 
square inches r equired at the c~ntre of the b.eam:~ 

Then a is proportional to the central bending m'oment 
I . ' wl 2 • 

when = "2 'I. e., 8 ~nd we ma.y write the equatio.n 

in terms of a thus:~ 

y = 4a (l x - x' ) 
l 

For any length '<>f beam denoj:ed by x 2 - XII the area 
required to r esist t~e shearing stress'es 
vert ical plane is:-

4a { (:4 -~ ) 1 Y2 - Yl = 7 (X2- xt )- ~l-- J 

arranged in 3 

I ! . 
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and the area of rods arranged to slope at an angle of 45 
deg. away from the beam, is clearly the value of (Y2 - Y2) 
Sec. 45 deg. ' for the length of beam included between 
(X2 - XI). 

If we make the distance between the 'ordina,tes '.:1f th~ 
parabola = 1, the equation may be written:-

Y2-YI= ~a {1- (X2tXl)} , 
The shearing stress between one fo'ot from the ends 

and the ends of the span is :-
. 4a ( 1) 4a (I ) 

Y2- Yl= T 1- T = /i -t 
4a 

and the area of rods inclined at 45 deg. is = 7! (l .- 1) 

Section 45 deg. 
Between 2 feet and 1 foot:--

4.a ( 3, 4a ( ) 
Y2 - Yl = T 1 - TJ = F t- 3 

the a rea '.:If rods inclined at 45 deg. is:-
4 ' 

Area = t: (1- 3) Sec. 45 deg. , 
,-

It should be 'clearly understood that the actual stress 
upon the inclined rod is the difference between the total 
stress given by the above equations and the shearing 
resist ance of the concrete. H ence generally no rein
forcement will be needed , near the centre where the 
small' shearing stress may be left to the 'concrete. 

As an example we may find the area of the reinfor'ce- , 
ment to r esist the shearing s tresses in a concrete beam 
10 inches by 10 inches cross section, reinforced ho'ri
zontally by 3 rods % inch in diameter if the ·span is 10 
feet and the l'Jad uniformly distributed. , 

The area of 3 rods 'V! inches diameter '= 3 x 0'6 
1'.8 square inches. For the first foot from t he ends 
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For the portion included between X2 = 2 and X, 

,=1;-
4 x 1.8 ( I 3 ) . 0 0 . . 10 -10 = 5 4 square lDch vertIcaly: 

= 0'504 x 1'414= 0'713 square inch inclined at 45 
d eg. 

For the p'<>rtion included between X2 = 3 a nd X , 

=2:-

4 x 1'8 ( 1 + ~o ) = 0 '36 square inch vertically 
10 1 ' 

= 0'36 x 1'414 = 0:509 .square inch inclined at 45 

deg. 
For the portion included between X2 = 4 and XI 

=3:-

4 x 1'8 ' ( 1 +~) = 0;216 squa~e inch verticalJiy 
10 lO , 

= 0.216 x 1.414 = 0:~05 s'quare inch inclined a t 45 

deg. 
';Ye may pr.)vide steel stirrups having the area calcu· 

lated above, 'or i,nclined bars having an a rea equal to the 
vertical stirrup multipli~d b-J' 1 :414. The bars arranged 
to t ake the shearing stresses sihould be rigidly connected 
to the horizontal reinforcement in all cases. Mr. Julius 

, Kann accompishes l cvnditioD by the use of bars 'of the 
form shown in Fig. 19. 

Mr. A. L. Johnson has proposed a nd largely used cor
'T'ug3.ted -bars, consisting '<>f ' rolled steel bars having a 
ribbed surface; to reinforce concrete beams which ex
c.eed a 'span of 15 feet; for spans between 8 and 15 fe~t 
~xpanded metal is u~d to reinforc'e the concret e . . Both 
'the' corrugated bars and 'the expanded metal furnish a 
'lnech'anical bono, quite.-independent '<>f the bond due to 
a dhesi'vn between ' the steel and the concrete. M. Con-

, sidere 'has shown 1:l1at the atlhesive refristance tends to 
' yield to a soliCiting force, ' a nd there can be no , doubt 
that some stl;uc'fures aTe 'exp'oaed ' to vibrations and 
-shocks .which must tend tv brlak the ordinary adhesion 
bond between steel and concret'e: 

Fig. 20 ~'ho:ws t he aI'rangemen't ~f cor~ug~ted b~~s in 
Johnson's relnf<>rcement for deep beams. 
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Fig. 21 shows the arrangement of t he Kahn bars in a 
simHar beam, in which the r einforcement is inclined to 
the vertical, with varying upward curvature approxi
mating t o the lines of principal tensile stress:-

The diagram Figs. 22 and 23 show the values 
M 

of biz"' x and c for the C\)Dcrete used in the three 

beams, but with different values of p . In 23 t he values 
E 

of f = 42000 lbs., u = 0'9 and E: ::: 12 have been sub-

stituted in the equation given in F ig. 22. 

Fig. 22. 
Value! of C 0 500 1000 200 0 3000 ( 000 6000 

" x 00'1 0'20 '3 0'40'5 0 '6 0'7 0'8 0 '9 1'0 1'1 1' 2 

.. !l100 200 30e ( 00 500 600 7008009001000 1100 1200 

Values of triO 100 260 300 (00 5.00600 7008009001000 n oo 1200 

x 00.1 0'2 0'3 0'4 0'5 0'6 0'7 O'S 0'9 1'0 '1'1 1'2 

" 
C 0 500 1000 2000 3000 (000 5000 

Fig. 23. 




