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‘ \FR]TZ ENGHY {EET e ._ABOQATORY
5 LEKIGH UNIVERSITY

N BETHLEHEM PENNSYLVANIA

e

. TESTS OF REINFORCED CONCRETE COLUMNS
' by' Inge Lyse* ' ‘

INTRODHGTIQN

The reinforeed conerete column 1nvestigation sponsoreﬂ

'by the American Conerete lnstltute and toward whleh the Amerl-w‘
_can Scciety of Cix}l Englneers contributed finanaially, has es—i

~ tablished certain relatlonsh;ps between the properties of tha

naterials énd the strength df the eolumn. The ﬁltimata strength
of the eolumns has been found te ba,mad& up of the streﬂgth af
the canc*ete (column str@ngth equal tc about 85 per cent of the
cylmndsr strength) and the yiald-point strength of the longitu-
dinal steed. For eelumns having spiral reinforcement whieh pr&-A‘
duced strength in excess of the strength of the flreproofiﬁg

shell, ‘the strength of the column. was inecreased by the splral.

Sincé all eolumns~;nclnded in the,investigation had 1ongltudinal‘v

reinforcement of'cnlyvﬁ_per;éent and.less; it seemed important
that tests be madezﬁn*éolumns h&ving:graater perqéntagés of ?eé -
inforcenment. Gons&quent1y~thefﬁritz Engineéring'Laboratery of

Lehigh Unlversity carrled eut an investigatlon on eolumns hav1ng

- as mueh as 17-1/” per cent lcngltudinal reinforcamﬁnt.

Furthermere, tests were meds on columns which’ had a v@ry

) highxgrada,steel fcrﬂxeinforcament and on columns uhich had weld-l»

ed réinfor@ement.

_* Research Aﬁﬁlstaﬂﬁ Professor of Englneering Materials

Lehigh Unlversity, Bethlehem, Pennsylvania



 PROGRAM AND PROCEDUSE
, This series of tests 1neluded a total af 42 columns

8~1/4 in. in diameter and 60 in, long. The program for the
tests is given in Table 1. , _ , N
Two concretes, of 2000 and 4000 lb. per sq.in. designed"
strength, were used. Flain cclumns were made with each grade
of céncrete. For 2.0 per cent spiral reiﬁfcreement, ;he per-,~'
centages of longitudingl‘réinforcgmentfwere 1-1/2, 6, 10-1/2,
14 and 17-1/2, With longitudinal reinforcement of 14 per cent
the spiral reinforeament‘was,eitﬁer'o, 1.2 or 2,0 per cent,1 h
' The bars in the columns having 1-1/2 and 6 per cenf reinforce=
nent weré;of the same stock as those used for reinforcement in
»the A.C.TI, column'investigation. The yleld~-point stress wasA'
47,800 1b. per sg,in, for the 1-1/2 per‘ceﬁt reinforcement and
44,900 1b, per sq.in, for the 6vper cent feiﬁfercament.  The 
- bars in the'cblumns’having 1@—;/2, 14 and 17-1/2 per cent re-
infbrcemsnt:were 1-1/2 in. in diameter and had an average
yield-point stress of 36,900 1b, per sq.ih. AThe spirals cems
fram the same stock as those used in the A.C.I. investigation.
No yield peint could ‘be determined fram the tests of the Spl-
ral coupons, The ultimate strength was 82,200 lb. per sq.in.
‘for the 1,2 per cent spiral and 74,560 1b, per sgein. for the
2.0 per cent spiral. Additional tests were made on columns
in which the 6 per cent longitu@iﬁal reinforcement consistéd
- of bafs having yield-point stréss‘ef'94,500 lb.’per,sé.in. and



ultinmate strength ef 152,500_1b. pef‘sq.iﬁm Tests were ﬁlsa
made on columns which had 17-1/2 per cent re;nforceﬁant‘wheregi
each bafﬂwas cut in half and welded together élaeirieglly be-

| fore being placed inAthalcolumn,} The columns wers made dur-

ing October and November, 1932, and tested at the age of 28
days. The cement and other materials for %ﬁeA¢oncrateAeame,
from thé same supply, and the method of making, curing, end
testing was the same as that useﬁ in the A.C.I. 1nvestigatlen.
(see Lehigh University Research Circulars ﬂo. 64 and 81) A

- photograph of %he-relnforctng.unlts used fpr,lé par cent lon~ 7

gitudinal and mo spiral reinforcement, is shown in Fig. 1.

| - DISCUSSION OF RESULTS

Bathlcegérete‘mixesvha&_%he seme water content per
cubie yard of concraﬁe. The average siumys'fpr>the egne:ete’
were 6,3 and 7.6 for the 2000 lb. and 4000 1b. per sq.im.
mixes respectively.. A,summary of the results of the tests
is glven in Table 2. .

It is noted that tha atrengths of both conerete mixes
ramazned falrly ccnstant for all the columns. The uniformlty
in.strength results of cqmpanicn columns was very gaa& through~
1 out the tests, | _

The load-deformation-curves are shown in Fig. 2 andr
3 for columns having &esign str engths of ccncrete of 2@90 and
4000 1b. per sq.in. respectively. 1In Fig. 4 the relation be- -

twéen the deformation of the longitudinai reinforcenent and



 the load carried by the reinfor@éménﬁ'is shown for'the'varif
ous percentages used. On comparing the diégrams of Fig. 4

' with those of Fzg. 2 and 3. a striklng simllarlty ig notieed.
The distances between the curves for the various percentages'
of reinforcement are very nearly the same in the three fig-
ures, indicating that the steel is giving its full stress ; |
value to the column at any strain regardless of the amount
or'gra&e of steel, Except for the columns having Qniy 1-1/2
per cent and‘ﬁ.per cent'lonpitudinal'réinfereement a'sharp
break in the deformation curves at strains corresponding dp“‘
proximauely to the yield-point strain of the reinforeement
1ndlcatea a yield point of the-columns, ~ The greater the per=-
4éeﬂtages of 1bngitudinal reinforcement, the sharper is the
break in the deformation,curves. it is noted.that the deform»:
at1o§ curves for the columns having the High Yiela/Poznt steel
showed a greater increase in load with increase in the straan
beyona the yield ppint than did the curv@s for columna‘hav1ng
mild steel., This is évidently due to the fact that the High
Yield Point steel did not have a shafp yield point. The test-
ing5machine'sho§éd no drop»of the lever.at'the yield point of
thiskéteel, which yield point haa'to be determined from the
 3tfess—strain diagran. The atrangth results‘indicate that at
the maximum.load ‘of the eclumns the High Yield Point steel
carried load eorrespoading to 120 per cent of its yield-point
strength. Attention is called to the fact that the total de-

formation at. the yield yoint of the column was more than twice



es large for fhe High Yield Point steel'és for thejordinary 
- reinforcing steel, Thus the amount of flow in a column m@y
be doubled before the yiéld#poiﬁt stress of the steel has (
been reached‘ Spgnsors of desigﬁ for effect of fch on.étress »
in rainforeement should therefore'welcoﬁethe introductidn af:
the High Yield Point steel, The advantage of this steel an
the strength of the column is, furthermore, s0 outstandlng _
that special att entlon should be ‘glven %o this type of steel.k.
| - The effect of the anount of spiral reinforcsment on
the deformatlcn of the columns is 1llustrated in Fige 5. The
deformation curves for columns having no spiral, and those .
having 1.2 per cent spiral reinforcement are seen to very
nearly coincide,'bcth for 2000 anavéoéo 1b, per sq.in. con-
crete, The deformation curves for the columns havinguz;o
per'csnt«épirgl, however, arevsomewhat,steéper than for the
- other columns, iThis'is partly due to the difference in the
strength of thé'congrete,in the columns. Table 2 shows that
.‘the‘strength of the concrete used in the columns having 2.0
per cent spiral reinforcement wﬁsuabout ten per eeht higher
fhan the concrete used in the columns having no_spiral'or 1.2
 per ceni épiral reinféreement. When corrections are made for |
this difference in the.strength,the_deformatien euives, aé.
well as the yield point.of the columns, would very nearly
coinecide for the'columns having various amounts of sﬁiralv

reinforcement.



STRENGTH RESULTS

The strengths of all the golumns-are'givan in Table 2.:
‘The streﬁgths of columns having;Z;O per cent spiral reinforce-
ment have been plétted against the yield-point strength of the
longitudinal‘reinforéementgin'Figgfé.- This Tigure proves econ-
clusively that the longitudinal reinforcement adds its full
yield~-point strength to.thé éolumn, regardless of‘amount,'up
to 17-1/2 per cent reinforcement. The high yield pcintZSteel~
Ais.fbund to éenﬁribute’an amount of load cdrresPOﬁding to 120
per cent of its yieldépoint.stréngth to the strength of the
coiumn. Furthermore, the parallelism of the curves in Fig. 6
shows that the grade of conerete has n@;éffeét upon the
strength added by the'longifudinal reinforcement. These re-
sults are in harmcny with those obtained in thé A.C.I. column
investigation, in which & maximm of 6 pér-cant'longitudinal
reinforcement was used., ' I% may therefore be concluded that
for,reinfbreed concrete columné having lesévthan 1?-1/2 per
cent longitudinal reinforcement, the strength of the column
is equal to the strength of the concrete in the cblumn, plus
the yield-point strength of the longitudinal reinforcement‘
plus whatevei amount is added by the spiral reinforcement.

The tests indicate that the strength added by the spi-
ral reinforcement is approximately aqu&l"te two times the
yield-point étrength_bf the spifal less the amount of load

carried by the protective shell Qutside the spiral;



. SUMMARY

l.‘“The deformation curve 6f'reinforced conerete
columns having ten per eent or more longitudlnal reinforce-.
ment showed a definite yleld point. This ylela-p01nt strain
correupcnded approximaﬁely to the yield-poznt straln of the
longltudinal relnforcement.

» 2. The columns having high grade steel gave yieidm
point deférmatlon more than twice.as lerge as did columns
having or@inary reinforaing steel.  | |

3. The longitudinal reinforcement added its full
yield=point strength to the column for as much as 1?—1/2
per cent-reinforaemant the largast am@unt used in this in-
vestigatign. | “‘

4. The high ?ieid point steel added about 20 per
cent in excess of its yieldupéint strength to the streﬁgth"
of the column, v J. '

5., The strength of tied eélumns-and of spiral columms
in which the spiral reinforcement ?ha.d a strength' equal to or
less then the strength of the protective shell, is equal to 85
per cent of the cylinder strength of the cenéreteAtimes the ﬁo-
tal asrea of concrete, plus the yield-point stress of the longi-
tudinal rainforcement times its area. |

| 6o For'designApurposes the effectiveness ratio of the

spiral reinforcement may be considered equal to 2.0,



TABLE 3 =

SUMMARY OF RESULTS OF COLUMN TESTS

AN

2

- S wm SR Am We WB @n m B Wn E @ @ W @ G A & W W W e = W = w A= -

* PBased on 44,000 lb, per sg.in, yleld-point stress.

+ Assumed.

° Based on Effectiveness of longitudinal Steel = 1204 yield-point strength.

‘ Welded bdars,

Reinforcement StAﬂtrige Average Effectiveness of
1ona, Spirel Strength of Columns ggggmnsor ggii:g:; cencTete Spiral*

percent 1b. 1b. 1b/eq.in.

0 0. 115,300 119,500 116,800 117,200 2350 0.93 -
0 0 207,500 207,400 230,000 215,000 4020 1.00 -
14.0 0 347,000 363,500 355,200 2390 .91 -
14.0 0 401,600 416,800 409,200 3780 5 -

14,0 1.2 398,500 401,500 400,000 2360 «85% 1.87
14.0 1.2 449,000 457,000 453,000 3780 +85 1.91
1400 2.0 440’500 *37’000 438'750 2550 .es 1.85
14,0 2.0 524,500 501,000 512,750 4160 .85 2.18

1-1/2 2.0 231,000 234,000 232,500 2740 .85 1.78

1-1/2 2.0 295,000 301,000 298,000 4010 .85 2.08

6.0 2,0 331,000 327,000 329,000 2680 .85 2.01

6.0 2,0 384,200 380,300 382,250 4340 .85 1.71,

8.0 H.Ye 2.0 532,000 508,000 520,000 8830 .86 . 1,74°

6.0 H.Y. 2.0 580,000 561,000 590,500 4460 & .85 1.40°
10-1/2 2.0 379,000 575.000 377, 1000 2820 .85 1.62
10-1/2 2.0 445,000 444,000 444,500 4530 .85 1.68
19-1/2 2,0 512,000 519,000 515,500 2630 «85 8,13
17-1/2 2,0 578,000 554,500 566,250 4580 «85 1,70
17-1/2 wl 2.0 495,000 508,500 501,750 2640 .85 1.80
17-1/2 W§ 2,0 568,000 569,000 568,500 4280 .85 2.00




TABLE 1 - PROGRANM OF TESTS

info ent Design Strength Nunber Total
Long. Spiral of Concrete orKiESCh ggiumgg
per cent lb. per sq, in.
0 0 2000 4000 3 6
1-1/2 Zedl 2000 4000 2 4
6 2.0 2000 4000 2 4
6 H.Y.* 2.0 2000 4000 2 4
10-1/2 2,0 2000 4000 2 4
14 0 2000 4000 2 4
14 1.2 2000 4000 2 4
14 2.0 2000 4000 2 4
17-1/2 2.0 2000 4000 2 4
17-1/2 w** 2,0 2000 4000 2 4
Total ~ 42

* High Yield-Point Steel

** Welded Reinforoing Bars




Fourteen Per Cent
Longitudinal Reinforcement

Figo l -
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