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TESTS OF STEEL-CONCRETE BEAXS.

The object of this set of tests was to determine how well
the results obtained by meens of the theory proposgd by W. Kendrick
Hatt, of Purdue University would agree with the results obteined by
tests made on beams which were of varied proportions of matrix and
aggregate and of the reinforcing material and which were also maie
under varied conditiﬁns.

The beams used in these tests were made in wooden moulds,
Those marked dry and normal in Table I. beilng thorouzhly tamped,
while those marked very wet were tamped but 1little., Tae Heams were
ol a uniform size, all being six (6) inches square snd of sufficient
length to give a span of seveaty-two (72) incnes bhetween supports,
except beams 52 and 5b which nad a span of thirty-six (36) inches.

The reinforcingz meterial usel consisted af%énand;é"
round rods of m@ld steel and were al}l placed 1" from tension face

of beam, two being used in eacn beam,
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Two different brands of cement were used (Atlas and Aetns).
The Atlas being a well known standerd brand, &id the Aetna, a local
cement which is made at rentoﬁ, lichigan. Tests of stendard bri-
queties were raade on both cements, the results being shown in
Table IV,

All beems were made indoors and were left there until
taken from moulds, which time varied from one to four days accorlir
to the amount of water used in mixing, efter which they were set out
doors until tested, Beams were all of gravel concrete, As sand wos
in excess, the gravel was 811 sifted turough a sieve of sixteen
meshes to the square inch, all stores larger tha: l%é' inch in

diameter being rejected, then the sand passing through the sieve and
the =ztones causht by it were mixed with the cement in the ratios (by
volumes) as shown in Tarle I,

The beums were tested &t azes varying from 7 to 64 days
&s shown irn Tei:le II. All of the Lemus were broken by meens of tl.e
Tinurs Olsen testing machine i1 the Mechanical Laboratory, A 10"

beem, wnich was calculated to have a deflection of less than ,001 of

an inch for eny »Jf the loads epplied, was used to supporti tne beams
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and as the deflection of the concrete beam was only read to .01 of &i.
inch, the error due to deflection of I beam was not tasken into
account, The knife edzes upon which the beams were supporied were

of cast iron and one inch in width, as was aléo ihe one at {l.e centre
vhere the load was applied, The load was applied in increxments of
200# eac:: erd the deflection at the center was messured by means of
scale graduated to hundredtns, the scale veing fasténed to the con-
crete beam, as the beem deflected the scale was caused to.pass down
over an index on the flange of the I bheam, and the deflection caused
by e&chéincrement of load applied, was read directly from t.e scale,
With the resulis obtained from these teats load deflection diasrams
were plotted, the loesds being used as ordinates end the deflection

as abscissa, These diegrams nearly.all contéin quite clearly defined
and characteristic points,the first somewhat indefinite point where
the curve first turns fron a streigit line, in the case of these
beains it varies from 400# to 1,200# as mey be seen by observingz

curve siieets, Tanis point is called point A bty Prof, Hatt, Ang,

secondly, tine voint of first crack of the concrete where the curve

again turns very abruptly srd ile deflection vegins to increase much

(3)



more rapidly than the load, Prof, Hatt includes also & 3rd goial
at waich the elastic liwit of the reinforcingz metel is rezched, he
calls this point the point of failure, But, os zll the beams in
these tests failed by crushinzy of the concrete instead of by breeking
of the rods, the theory proposed by him would hardly apply at the
point of failure for these beams, No curves were.plotted for beams
5a &nd 5b whicn were of plain concrete without reinforeement =s ihe
totel deflection for either was less then .0l of an incn, z2ad the
only value of the tests of these two is to show to whal s marked
degree the flexibility of {nhe beams is increased by the addition
of the metal reinforceme:t,

The essumptions upon which the treory proposed by Mr,
Hatt are based are as follows: 1, The cross sections of the beams
remain plain surfeaces; 2. Tae applied forces are perpendicular to
the neutrel surface of the beam; 3, The values of the moduli of
elesticity ovtained in simple teunsion znd compression tests will
apply to the material in the Deams when under flexion; 4, There is
no slippiag vetween the concrete snd the reinforcing metal; 5, There

are 10 initisl stresses in the team due to contraction of tne concrete

(4)



while setting, The analysis also sugposes the frgcture to be due to
bending and not horizontal shear, If the cross sections are assumed
to remain plain surfsaces during flexture the distortion of any fibre
wil? be provortional to its distance from the neutral exis, It'
follows that the law of variation of stresses will be represented
by the stress strain diagram shown on curve sheets. These stress
gtreain diagramsiare essumed to be perabolic arcs, This assumption
has becn justified in the case of compressional stress strain dia-
diagram, py a large numb;r of experiments but does not seem to be
80 clearly shown in this case,

The quantities used in the formulas for theoretical

resultls were as follows:

hx

i

distance from compression face to neutral exis.,

hu

i8]

distance from compression face to the center of gravity
of the reinforcement, |
P = ratio of area of steel (o thnal of cross section of beem,
Es, Ec, Et = moduli of elacity of the steel, concrete in com-

;
Pression and concrete tension, respectively.

Ec
no=E
- Es

m & EL

f = stress in metal reinforcement,
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¢ = compression stress in outer fibre of corncrete.
t = tensional stree in outer fibre of concrete assumed to
be 300#.

Ec and Et are measured at tiie stresses ¢ and t. The
values x, u and p are ratios; p and u are at the control of the
designer, while x depends on p, u, n and m; . n and m are fixed by
the quality of the meterisls, and they chanie during flexure with
varyinsg values of ¢, £ and t; that[is, the modulus of elasticity
of the conrncrete varies with the stress at which it is measured,
For practical purposes 6f computation, however, the constant values
of n ard m sy Ve used eppropriate to thre point A and to tane point
of cracking, The values proposed by Prof, Hatt were n — 2 and
m =12 at point A, and n = 12 and m = 90 at point of first crack,
and these values were used in computing the results shown in Table
III. On the assumption of pleane cross section during flexure we mey

determine thel ratio of £ to ¢ and £ to t in the following formulas

c — tnx
- T-x
F = tm(u— x)
- _x .

Next, to lccate the neutral axis; i e, to determine the value
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of x, we mey ecuete tre force~ of terzion nnd comoression on the
cross section, assuning;, a3 before, t.iat tie stress strain diagrams

are srcs of parabolas,
24 ox =24 t(1 — x)+ pf

into which the values of f and c sbove mey be substituted ond,
solving for x, we get

2AXn=24 (1 — x)%4 pm(u — x)

and, after solving, this reduces to

<= —-(f_g_.s).'. -V4n + g—p m + p[ﬁm(u[n - 1]-}- 1)]
<(n—=1)

Having obtained x we may compute ¢ and £ and finelly
obtain tne moment of resistaince of the section, Teking moments aboul
the neutral axis, we have

x= e[ - Rt i 4o _(311__:_}::_)_2]

These equations are to be applied to compute the load =at
point A, At the load correspondin: to the cracking of the concrete
in the tension face, these equestions should he modified to corres-
pond to thne fact that tiue stress strein diagram for the concrete in
tension is more nearly a rectanzle then e parabole., The differciic

oweTer, veuvween uine results at tiie time of the appearance of the
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crack due to the assumptioa of a rectangle or e paresbolua is very
small, With proper values of n and m the equations may be allowed
to sterd., When, however, tle crsckvhaving formed itself, extends
throughout the lower region of tie cross section the equations
must be modified by the omission of the effect of tensional forces

due to the resistance of concrete under tension, We then have:
-§cx=pf or p %%(u —x_): -§x2,

which serves to locate t.e neutral axis,

The lozds combuted by the eapplication of the forezoing
equations are shown in Taeble III and are to be compared with those
given in Table II, which are/the loads carried by the beam tested,

From an inspection of Teble II, it may be seen that both
the point A, and point of first crack varied considerebly for tue
different beams, but this would be expected, as the beams were ovur-
posely made withi as weny verying conditions es possible,

The ratio of the greztest to the least velue of A wes
as 3:1, and for the point of rfirst crack leas than 2:1, ana ooilh
cases the theoretical load was a mean between the two, therefore we

may coiclude that with a large fa ctor of safety, such as is
(8)






necessarily ﬁsed in concrete construction due to the fact that
two pieces of concrete made uader similar conditions, do not show
concordant tests, it would hte practical to use these formules
with tlie counstants here employed for tne desicn of concrete steel

besms,
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TABLZ NO, I.

Condition N
Kind., (when made.{ AfterATest. | Yu. 1bs,
No, 1. 5:3:1 Aetna Rather dry First cracked on
bottom then crumbl- 250
ed on top.
No. 2. " " " " Same as No, 1., Also
slivered along rods, 256
No. S. " " " " Crushed on bottom
crumhled on top. 232
No. 4, 3:2:1 Atlas " " Crgcked on nwoteom
cruavled on top, <20
56 and 5b " " » n Cracked clear tiiroush a - 118
41id not crusa, b - 131
No. 6. 3:2:1 Aetna Normal Cracked on bottom
then crusned on top, 254
No. 7. " " " Cracked on bottom
then crusi:ed on tor, 2¢1
Noc., 2. 3:2:1 Atlas Very wetl Split alonz rods on
nalf of beam,.,. : 259
No. 9. " " " " Split slonz roas on
nelf of beam, 260
No. 10, 4:2:1 " " " Cracked on Lottiom
tl.en crushed oa top, 259
No. 11, 3:2:1 " " " Split alon=s rods on
helf of teem, 255
No, 12, " " " " Cracked on botion
tiien crusuned on top, 2 46
Yo. 13, 3:2:1 " " " Cracked on bottom then
- crushed on top &nd sli- 267
vered short dis, on side
No. 14, » " " n Cracked on botittown cruni-
led on top inen broke 267
out chunck on bottom
No, 15, 3:2:1 Aetna Normal Cracked on voltom crush-
ed on top then cracked 25¢
diegonelly aecross beam
No, 16, " " " Broke neeorly strai_uit 250

across.
(10)






Beam
No.

Kind,

TABLE NO, II.

2.

3.

ba,

5b,

10,
11,
12,
13,
14,
156,

16.

.61%
.61
«61%
.61

Plsin

1.09%
1.,09%
1.09%
1.09%
1,099

.61%

— -

Point A,

Age in Loed  Defl.
Days. vounds'inches
7 1,000 0.12

64 600 0.00
64 600 0,05
28 1,000 0,08
28  —==-- -——-
£8  —m=—- -——
sl 1,200 0.04
31 800 0.03
34 ~meon emee
34 400 0.02
29 600 0.01
29 1,000 0.12
29 400 0,04
23 1,000 0,07
29 1,000 0,08
26 1,200 0.08
25 1,200 0.03

]

Crack.
Load  Defl.
pounds' inches
2,000 0,40
2,800 0.38
2,300 0.38
3,400 0,35
3,200 0.30
1,800 0.20
2,200 0,28
1,800 0,19
1,600 0.22
1,800 0.24
3,000 0,29
2,800 0.28
2,200 0.24
2,000 0.18

Failure,
Load  Defl,
~pounds inches
2,100 0,75
3,000 0,75
3,000 0,75
2,500 0.32
1,500 0.008 "
1,300 o.01
3,600 0.90
34600 0.74
2,000 0.41
2,100 0.32
2,000 0.27
1,800 0.27
2,000 0.8
3,300 0,45
3,400 0.48
2,800 0.49
3,000 0.38

" ba &bhd 5b 3' between supports,
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TABL: NO., III.

Stress per Concrete in
Rein- Loed st sq. in, steel. Comp. Velue of x for
forced Point First Point PFirst Point First Point First
per cent A, Crack. A, Crack, A. Crack. A, Crack,

«61 974 2,178 2,554 20,712 443 1,428 ,425 « 284

1.09 1,062 2,920 2,524 20,385 473 1,878 ,441 ,318

- . ww

Moment due to weight of Beam to be deduced from theoretincal dead

loeads.

e 6 o
-~
Ll i

TABLE NO. IV.

Tensile Strensth of Standard Briquettes of Atlas Portland Cenent,

Neat, 7 deys. 21 days.
" 524 640 )
" 514 622
" 475 635
504.3 B32 Averaze
3:1 7 deys, 21 days.
" 137 252
" 160 200
T48.5 Z26 Average,

Fineness of Atlas Cement

99,2% passed No. 50 seive
93.24 n " 100 "

Same Quartz Used as for Aetna,
25¢ Water for neat,

14% " " 3:1
% (12)






TABLE NO. IV,

Tensile Strength of Standard Briquettes, Aetna Portland Cement

mede at Fenton Michicah,

Neat, 7 days old, .El days.
» 425 1hs, 612 lbs,
" 450 v 635 "
" 415 » 630 "
430 I0s, Ave, 625,686 1bs,Ave.,
3:1 ‘Z deys oldt .El days.
" 125 1bs, 170 1bs,
" 147 = 225 v
" 120 » 200
T30.6 Ibs, Ave. T98.35 Ibs. A V..

Fineness of Cement

99,73% vassed No. 50 seive
92,84 * 100 "

Fineness of Quartz used
94,24% passed No, 2u seive
50.,44% " "~ 3
25,59 \Viater for Neet
5 % " " 3:1

Neal tore smaller needle in three ours,
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