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Forty-five specimens representing portions of the corner, edge, and
interior column and floor sections of a typical structure were tested under
axial compressive loads and the results analyzed to determine the follow-
ing: (1) how large a differential in column concrete strength and floor
concrete strength could be tolerated without decreasing the load-carrying
capacity of the column, and (2) the allowable load-carrying capacity
of the column if this differential is exceeded. The following variables were
included: type of specimen, column concrete strength, and floor concrete
strength.

From the analysis of the test results, a procedure was developed for
computing the ultimate load of a column in which the column concrete
is intersected by floor concrete. These limited tests indicated that the
column strength is a function of the ratio of column concrete strength to
floor concrete strength and the number of restrained edges tributary to the
column. No reduction in column strength occurred for ratios of column
concrete strength to floor concrete strength up to 1.4 for all types of
specimens and up to 1.5 for most types of specimens.

I 1IN PRESENT DAY REINFORCED CONCRETE CONSTRUCTION, substantial econ-
omies may be achieved by designing the floors, which may consist of
slabs or slabs and beams, with medium strength concrete and the columns
with high strength concrete. In the resulting structure, layers of floor con-
crete intersect the columns at each floor level. As these layers are
usually made of lower strength concrete than the column itself, it is
probable that under some circumstances such layers may decrease the
load resisting capacity of the column.

The effect of the floor concrete on the strength of a column may be
expected to depend on the lateral restraint offered to the lower strength
floor concrete, on the relative strengths of the two concretes, on the
relative thickness of the floor and the size of the column, on the per-
centage of column reinforcement, and on the eccentricity of the load.
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The restraint to the lower strength concrete may be offered by the
surrounding floor, by the floor reinforcement, and by the column con-
crete located above and below the floor layer. The restraint may
entirely prevent failure of the floor concrete, as may well be the case
for interior columns in which the surrounding floor provides a very
effective lateral restraint. In other cases, however, the restraint may
just raise the strength of the layer of floor concrete above the value
expected on the basis of known cylinder strength. The restraint offered
by the floor is likely to be different for each of the three types of col-
umns: corner, edge, and interior. The restraint offered by the floor
reinforcement will probably vary with the amount and arrangement
of this steel. And the restraint offered by the column concrete may be
expected to be a function of the ratio of floor thickness to column size
and of the ratio of concrete strengths.

The effects of eccentricity of loads are related to the state of stress
in the column-floor joints. Column-floor joints loaded eccentrically, in
which the weaker floor concrete is only restrained laterally around a
portion of its perimeter, may carry larger loads than concentrically
loaded column-floor joints provided the eccentricity is in the right di-
rection.

Object and scope

The object of this investigation was to determine how large a differ-
ential in column concrete strength and floor (slab or slab and beam)
concrete strength could be tolerated without decreasing the load-carrying
capacity of a column, and to determine the allowable load-carrying ca-
pacity of the column if this differential was exceeded.

The investigation included 54 axially loaded column specimens. Of
the 54 specimens, 45 represented portions of the corner, edge, and in-
terior column and floor sections of a typical structure and each specimen
consisted of two tied columns with an intersecting floor between the
two columns. The remaining nine specimens consisted of plain tied
columns without any intersecting floor concrete. For the column and
floor specimens, the ratio of column concrete strength to floor concrete



EFFECT OF FLOOR STRENGTH ON COLUMN STRENGTH 1151

Fig. | (left) — Details of T
column specimens (column !
series). Fig. 2 (right)—De- 1o

tails of sandwich column 1
specimens, Type S (slab

o N 1" o i)
. " N= [ 3
series) et Sw ch oor
Pyl [ L) —— Concrete
% 1 o T
s Cl i (e
A l
Section A4 i Section AA
Al A} | I& A A
N el ' L
o L L’____
Type 57 Type 70
Column Steel- No 6 Bars Column Steel- No. & Bors
Coiumn Ties - No. 2 Bars Column Ties - No. 2 Bars

strength was varied systematically while the floor thickness, column
cross section, and the percentage of column reinforcement were held
constant.

Outline of tests

The investigation included seven different types of specimens and was
divided into three series: column series, slab series, and beam series.
An outline of the tests given in Table 1 indicates that the major variables
were: type of specimen, column concrete strength, and floor concrete
strength. The types of specimens investigated are shown in Fig. 1
through 7. In all specimens an axial compressive load was applied to
the columns.

Notations fv = yield point stress of column re-
The following notations are used: inforcement
A. = net area of concrete in column G = geometry of specimen
section P = ultimate strength of a concen-
A, = gross area of column section trically loaded column
A, = area of column reinforcement P, = total allowable axial load on
= ratio of the concrete stress on the column
an axially loaded column with- Peatc = A.fy + CAf'ep. Calculated load
out floor (slab or slab and on the specimen where C = 0.85
beam) concrete to the com- Prest = maximum test load on speci-
pressive strength of a 6 x 12-in. men
concrete cylinder p. = percentage of column rein-
f’ = 28-day standard cylinder com- forcement
pressive strength p, = ratio of the cross-sectional area
f'ee = 27-day, 28-day, or 29-day com- of column reinforcement to the
pressive strength of 6 x 12-in. gross area A,
column concrete control cylin- Pr = percentage of floor reinforce-
ders ment
fer = 28-day compressive strength of R. = restraint afforded the floor
. 6 x 12-in. floor (slab or slab portion of the column section
and beam) concrete control by higher strength column con-
. cylinders crete
f'e» = apparent strength of floor con- R:; = lateral restraint afforded the
crete floor portion of the column sec-
fs = 0.40 f,, nominal allowable stress tion by overhanging floor con-

in the column reinforcement crete
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SPECIMENS, MATERIALS, AND TEST PROCEDURE

Description of specimens

The details and dimensions of the specimens used in this investigation are
shown in Fig. 1 through 7. All columns used in this investigation were tied
columns 11 in. square and reinforced with four #6 bars. Column ties consisted
of #2 bars.

The details of the specimens used in the column series are shown in Fig. 1.
The specimens in this series had no intersecting floor concrete; they were either
57 in. long or 70 in. long and were used to evaluate the adequacy of the present
ACI Building Code (318-56) ultimate load column formula.

The details of the four different types of specimens tested in the slab series
are shown in Fig. 2 through 5. The specimens in this series consisted of two
square tied columns and a slab 7 in. thick placed between the columns. The slab
portions were reinforced on top and bottom with #4 bars as shown in Fig. 3
through 5. In the sandwich column specimens, Type S, the slab was cut off along
the column periphery. For the corner cclumn specimens, Type C, the slab was
square and the column was in one corner. In the edge column specimens, Type
E, the slab was rectangular and the column was in the middle of one side. For
the interior column specimens, Type I, the slab was square and placed con-
centrically with respect to the column.

Details of the two different types of specimens tested in the beam series are
shown in Fig. 6 and 7. The specimens in this series consisted of two square tied
column sections and a 7 in. thick slab and 8 x 20-in. beams placed between the
columns. The slabs were reinforced on top and bottom with #4 bars, and the
beams reinforced with #8 bars. In the beam sections #3 bars were used for
the stirrups. In this series, Type E and Type I specimens were similar to the
Type E and Type I specimens of the slab series. In the edge column specimens,

TABLE 1—OUTLINE OF TESTS

Column series Slab series Beam series
fee, Speci- fece fler "co fee, \ fets | co
psi men No.*| psi | psi f'er |Specimen No.} psi psi f'cr |Specimen No.}
Series 57 Type S Type E
7500 C7557 7500 2500 3.0 S75S3.0 9000 3000 3.0 B90E3.0
6000 C6057 6C00 2500 24 S60S2.4 7500 2500 3.0 BT75E3.0
5000 C5057 5000 2500 2.0 S50S2.0 6000 2000 3.0 B60E3.0
4500 C4557 3750 2500 1.5 S37S1.5
3750 C31757 Type CE,I Type E,I
3000 C3057 9000 3000 3.0 S90C,E, or 13.0 6000 3000 2.0 |B60E or I2.0
Series 70 7500 2500 3.0 S75C,E, or 13.0 5060 2500 2.0 |B50E or I2.0
7500 C17570 6000 2000 3.0 S60C,E, or 13.0 4000 2000 2.0 |B40E or I12.0
5000 C5070 Type C,E,I Type E
3000 C3070 6000 3000 2.0 S60C,E, or 12.0 4500 3000 1.5 B45E1.5
5000 2500 | 2.0 S6CC,E, or 12.0 3750 \ 2500 1.5 B37E1.5
4000 2000 2.0 S40C,E, or 12.0 3000 2000 1.5 B30E1.5

Type C,E,I

4500 3000 1.5 S45C,E, or 11.5
3750 2500 1.5 S37C,E, or I1.5
3000 2000 1.5 S30C,E, or I11.5

*The designation of each specimen in the column series consists of one letter and four
numbers. The first letter C designates the column series; the next two numbers represent
the nominal column concrete strength (75 for 7500 psi, 50 for 5000 psi, etc.); and the last
two numbers represent the height of the column (57 for 57 in., 70 for 70 in.).

iThe designation of each specimen in the slab and beam series consists of two letters and
four numbers. The first letter designates the phase of the investigation (S—slab series, col-
umn to slab; B—beam series, column to slab and beam); the next two numbers represent the
nominal column concrete strength (75 for 7500 psi, 50 for 5000 psi, etc.); the second letter
stands for the type of specimen (S—sandwich column, C—corner column, E—edge column,
I—interior column); and the last two numbers represent the ratio of the nominal column
concrete strength to the nominal floor concrete strength.
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Type E, the slab was rectargular and the column was in the middle of one side.
Also, two beams were placed underneath, parallel and flush to the outside edge of
the slab and connected into the column. For the interior column specimens, Type
I, the slab was square and placed concentrically with respect to the column. Also,
beams extended in four directions underneath the slab from the column faces.

Materials

Cement — A standard brand of Type I portland cement was used throughout
the investigation.

Aggregates — Both the well graded fine and coarse aggregates used in the
concrete mixtures were from the Wabash River near Covington, Ind. The sand
had a fineness modulus of 3.12 and the gravel had a fineness modulus of 6.75.
The bulk specific gravities, based on saturated surface dry, were approximately
2.65 and 2.70 for the sand and gravel, respectively. The absorption of both fine
and coarse aggregate was about 1 percent, by weight, of the surface dry aggregate.

Concrete mixtures — The investigation involved ten different concrete strengths
ranging from 2000 to 9000 psi. Mixes were designed for 28-day nominal com-
pressive strengths.

The average column and floor compressive strengths, f'.. and f.,, determined
from a minimum of five 6 x 12-in. control cylinders, are listed in Tables 2 and 3
for the specimens in the column series and the slab and beam series, respectively.
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The compressive strength values listed in Table 2, for the bottom column and top
column of each specimen in the column series are 28-day strengths. In addition,
the average of these two strengths is given. In Table 3, the compressive strength
values listed for the bottom column, top column, and intersecting floor of each
specimen in the slab series and beam series are 29-day, 27-day, and 28-day
strengths, respectively.

Reinforcement — Intermediate grade deformed bars, satisfying the require-
ments of ASTM A 305-53T and A 15-54T, were used as reinforcement. The col-
umn reinforcement consisted of four #6 bars with #2 bars as ties. The slabs
were reinforced, both on top and bottom, with #4 bars and the beam reinforce-
ment consisted of four #8 bars. Beam stirrups were #3 bars.

In Tables 2 and 3, the yield point and ultimate strength values of the column
reinforcement are listed for each specimen tested. The column reinforcement
for any one specimen was cut from one bar 30 ft long. One coupon 2 ft long
was then cut from each bar and tested. A typical tensile stress-strain curve for
the column reinforcement is shown in Fig. 8.

Fabrication and curing

All specimens were cast in waterproof plywood forms in an upright position.
The column reinforcement was placed in position with the use of steel chairs.
The bottom reinforcement for the slab or beam was supported on small wood
blocks resting on the bottom of the forms.

All concrete was mixed from 3 to 5 min in a nontilting, horizontal, 6.5-cu ft
drum mixer. Slump was determined immediately after mixing. After the con-
crete was placed in the forms and control cylinder molds, it was vibrated for
approximately 15 sec with an internal high frequency rod vibrator.
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Each specimen in the column series was cast in 1 day. Each specimen re-
quired two batches of concrete, and for each batch, six 6 x 12-in. concrete con-
trol cylinders were made. The forms were removed the day after casting, and
the specimen placed in a fog room at 75 F for 6 days. It was then stored in the
air of the laboratory until tested at an age of 28 days.

In the slab series and the beam series, 3 days were required to cast each
specimen. The bottom column was cast the first day, the floor portion the
second day, and the top column the third day. Each portion of the specimen
required one or two batches of concrete, and for each portion of the specimen,
six 6 x 12-in. concrete control cylinders were made. On the third day after
casting the bottom column, the forms
were removed, and the specimen was eo
placed in a fog room at 75 F for 5 days.

This, in effect, resulted in 7 days moist 80

curing on the floor portion of the speci- e

men. It was then stored in the air of the 70 e \

laboratory and tested when the floor 4

concrete was 28 days old. 60 /
oL/

Test procedure

All specimens were tested in com-
pression in a 3,000,000-1b capacity hy-

Stress, 1000 psi

draulic machine. A typical test set-up 40 A

is shown in Fig. 9. Each specimen was /

placed centrally under the loading head 30 4

of the testing machine, and a high /

strength gypsum cement placed be- 20

tween the bottom column stub and the j/

flat steel bed of the testing machine 10

to insure a smooth bearing surface.

The top column stub was capped with 0 o5 olo—o5 20555530
a high strength gypsum cement and o 0.0010 00020 00030

an 11 x 11 x 1%-in. steel plate. The
capping compound was allowed to dry
for approximately 1 hr before any load  Fig. 8—Typical stress-strain curve for
was applied to the specimen. column reinforcement

Strain, in./in.
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To insure that the specimens were
being loaded axially, three or four dial
gages, graduated directly to 0.001 in,
were placed around the perimeter of
the specimens. The dial gages were
mounted on posts which were set on
bed of testing machine as shown in Fig.
9.

A preload of 20,000 1b was applied to
the specimen before the spherical seat,
attached to the head of the testing ma-
chine, was wedged in a fixed position
to prevent any rotation. The column
portions were thus loaded as flat-ended
columns. The load was then increased
to 50,000 1b and in increments of 50,000
lb thereafter until failure occured. At
each loading increment, deflection
measurements were taken. In addition,
the specimen was examined for cracks,
and in most cases, a pictorial record
was made of changes in the crack pat-

% tern. Testing of each specimen took ap-
Fig. 9—Test set-up proximately 1% to 2 hr.

TEST RESULTS

Test data

The test data, for specimens in the column series and for specimens
in the slab series and beam series, are summarized in Tables 2 and 3,
respectively.

Table 2 includes the concrete strengths of the bottom and top portions
of the column, the yield point and ultimate strength of the column

TABLE 2—MEASURED AND COMPUTED QUANTITIES—COLUMN SERIES

. . Tensile strength of
Specimen Concrete strength*, f'cs, psi column steel, psi Ptost, Preatt
No. Bottom of Top of ' Yield | Ultimate 1b Pecaic
column column Avg. strength strength
Column series — Type 57
C17557 7100 7240 7170 49,410 76,770 748,000 0.92
C6057 5650 5600 5330 44,150 75,190 640,000 1.04
C5057 4690 5180 4940 44,840 77,030 586,000 1.01
C4557 4630 4690 4660 44,980 77,050 560,000 1.02
C3757 2960 3300 3130 48,360 80,380 408,000 1.01
C3057 2800 2710 2760 46,830 76,820 345,000 0.95
‘Column series — Type 70
C17570 6450 6820 6640 45,180 76,960 709,000 0.94
C5070 4050 4860 4460 44,750 76,355 548,000 1.03
C3070 2490 2430 2460 45,870 79,300 357,000 1.08
Average ..........000.. 1.00
Standard deviation ....0.049

*28-day compressive strengths.
tPoatc =Asfy + Ao Cf'ecc — Calculated load on the specimen using the 1956 ACI Code ultimate
load column formula.
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reinforcement, and the ultimate load, Py The average column concrete
strength listed was determined by averaging the bottom column and
top column concrete strengths.

Table 3 includes the bottom column and top column concrete strength,
floor concrete strength, the ratio of the column concrete strength to the
floor concrete strength, the yield point and ultimate strength of the
column reinforcement, the location of the failure, and the ultimate load,
Pt In computing the ratio of the column concrete strength to the floor
concrete strength the compressive strength of either the bottom or top
column, which ever was lower, was used.

Behavior of specimens under load
For each type of specimen tested various stages of cracking were
observed prior to failure. These are shown in Fig. 10 through 14. In all
cases failure occurred by crushing of concrete and yielding of the col-
umn reinforcement. The typical behaviors, before and at failure, of the
specimens tested were as follows:
Column series — Vertical cracks first appeared in the column faces at

loads approaching failure. Final failure occurred by yielding of the column
reinforcement and crushing of the concrete.

Slab series— For the sandwich column specimens, Type S, vertical
cracks first appeared in the slab concrete between the two columns. Failure
occurred in the slab concrete sandwiched between the two column sections.

For the corner column and edge column specimens, Types C and E, three
stages of cracking were observed: vertical cracks appearing on the ex-
terior face, or faces, of the slab concrete which were flush with the top and
bottom columns; cracking of the slab around the perimeters of the top and
bottom columns; and cracks extending from the crack around the perimeter
of the column towards the slab edges directly over the slab reinforcement.

Fig. 10—Typical cracking for corner column. specimens, Type C (slab series)
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Fig. |1—Typical cracking for edge column specimens, Type E (slab series)

In Specimens S40C2.0, S45C1.5, and S30C1.5, cracks extending from the
perimeter of the columns, did not form. Typical cracking patterns are shown
in Fig. 10 and 11 for the Type C and Type E specimens, respectively.

Ultimate failure of all Type C and Type E specimens occurred either in
the slab portion flush with the column face or faces, or in the bottom col-
umn or top column. In Specimens S40E2.0 and S50E2.0, failure occurred
at the junction of the bottom column and slab.

For the interior column specimens, Type I, four stages of cracking were
observed as shown by a typical example in Fig. 12. Cracking first took
place on the vertical faces on the outside perimeter of the over hanging
slab indicating that tensile stresses were present on these faces. These
tensile stresses were .caused by the lateral internal compressive stresses,

TABLE 3—MEASURED AND COMPUTED QUANTITIES—
SLAB SERIES AND BEAM SERIES

Tensilestrength of

Specimen |Concrete strength,* psi| f'ecf | column steel, psi | 1cationt| Ptests | fen§, |Prest®*
No. of

flee f'ee Fet | Fer Yield [Ultimate 1b psi [Pecato
Bottom| Top strength | strength| failure

Slab series — Type S

S7583.0 5330 6090 2180 2.44 48,360 80,380
S60S2.4 5190 5150 1960 2.63 46,300 78,400
S$5052.0 5210 5310 2180 2.39 43,330 74,440
S37S1.5 3180 3020 1960 1.54 45,270 78,570

415,000 3250 1.00
376,000 2910 0.99
416,000 3350 1.02
390,000 3060 1.03
Average ........ 1.01
Std. deviation 0.011

nnnn

Slab series — Type C

S90C3.0 8120 7540 2470 3.05 44,930 77,190

S 480,000 3970 6.90
S75C3.0 7420 7560 2690 2.76 44,700 77,530 S
S

516,000 4330 0.95

&
&
S60C3.0 5510 5380 1280 4.20 46,310 80,640 S 385,000 3010 1.03
&
S

$60C2.0 6630 6750 3600 1.84 44,320 76,800

BC 550,000 4670 0.96
S50C2.0 5710 5540 2550 2.17 46,080 80,640

450,000 3670 0.97

S40C2.0 4590 3510 1510 2.32 45,390 75,110 -8 367,000 2840 117
S45C1.5 3990 4290 2730 1.46 42,690 76,030 BC 440,000 3600 0.92
S37C1.5 3580 3270 2300 1.42 44,980 78,080 TC 400,000 3170 0.98
S30C1.5 2840 2390 1530 1.57 43,850 75,870 TC 300,000 2210 0.94

. Average ........ 0.98

Std. deviation 0.076
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TABLE 3 (Cont.)—SLAB SERIES AND BEAM SERIES
Tensile strength of
Specimen | Concrete strength,* psi| f'ect | column steel, psi Locationf| Ptest, Ffep§, |Ptest**
No. flee | flet flet Yield |Ultimate of 1b psi  |Pcate
Bottom Top strength ! strength| failure
Slab series — Type E
S90E3.0 8060 7610 2440 3.12 44,420 76,050 | BS & BC | 568,000 4850 0.96
S75E3.0 6800 7700 2380 2.86 45,640 79,360 BS 534,000 4480 0.96
S60E3.0 6340 5190 1720 3.01 46,770 80,410 BS 442,000 3560 1.01
S60E2.0 6600 6540 3470 1.89 44,930 76,500 BS 582,000 4970 0.94
S50E2.0 5120 5380 2350 2.18 45,480 81,200 | BS & BC | 453,000 3690 0.96
S40E2.0 3970 3360 1390 2.42 44,650 77,910 | BS & BC | 363,000 2820 1.11
S45E1.5 3450 3670 2560 1.35 43,780 74,650 BC 446,000 3650 1.05
S37E1.5 3420 3020 1990 1.52 44,000 75,350 TC 400,000 3190 1.05
S30E1.5 24C0 2290 1470 1.56 45,390 78,110 BC 347,000 2650 1.12
Average ...... 1.02
Std. deviation 0.066
Slab series — Type I
S9013.0 7400 7400 2480 2.98 46,870 80,740 TC & S 700,000 6110 0.95
S7513.0 7440 7750 3220 2.31 42,730 74,320 BC 739,C00 6550 0.97
S7513.0 6280 6260 2300 2.72 44,240 76,180 TC 650,600 5630 1.01
S6013.0 6570 6840 2080 3.17 43,640 75,110 BC 690,000 6650 1.05
S6012.0 6620 6810 3430 1.93 45,450 78,860 TC 700,000 6140 0.98
S5012.0 5890 6120 3090 1.91 45,00 77,500 BC 580,000 4940 0.90
S5012.0 4990 5260 2210 2.26 43,330 74,440 BC 550,000 4660 1.01
S4012.0 4590 3760 2460 1.53 45,160 76,730 TC 432,000 3490 0.94
S4511.5 4990 4970 2870 1.73 44,520 77,170 TC 600,600 5150 1.06
S3711.5 3940 3270 2200 1.49 44,240 76,960 TC 450,000 3680 1.09
S3011.5 3710 3790 1940 1.91 43,150 76,250 BC 445,000 3640 1.03
Average ...... 1.00
Std. deviation 0.034
Beam series — Type E
B90E3.0 | 8030 7230 2660 2.78 45,890 77,850 BB 452,000 3670 0.97
BT75E3.0 6720 7110 3140 2.14 45,390 78,800 BB 400,000 3170 0.75
B60E3.0 | 6180 5640 2020 2.79 45,280 77,650 BB & B 400,000 3170 1.06
B60E2.0 | 5160 5010 2820 1.77 46,140 79,350 BB 488,000 4020 1.01
B50E2.0 5090 4740 2200 2.16 46,410 80,580 BB 392,000 307¢ 0.98
B40E2.0 | 3420 3300 1510 2.19 45,150 77,470 BB 344,000 2620 1.16
B45E1.5 | 4930 4560 2570 1.77 42,655 77,550 BB 451,000 3710 1.02
B37E1.5 | 4470 4280 2300 1.86 46,030 78,250 BB 428,000 3430 1.05
B30E1.5 | 2580 1910 1720 1.11 45,760 79,790 TC 296,600 2140 1.08
Average ...... 1.01
Std. deviation 0.095
Beam series — Type I
B6012.0 4050 478C 2160 1.88 45,500 76,980 BC 542,000 4570 1.11
B5012.0 4360 3790 2070 1.84 43,340 74,500 TC 496,000 4150 1.08
B4012.0 3380 3410 173C 1.95 45,020 77,810 BC 450,000 3670 1.7
Average ......... 1.09
) Std. deviation 0.083
Over-all average ............ 1.01
Over-all standard deviation 0.075

*f'cc bottom column—29-day compressive strength; f¢c top column—27-day compressive
strength; f¢r — 28-day compressive strength

tConcrete strength, fce, top or bottom column, whichever is lower used in ratio.

i{B—beam between slab and column; BB—junction of bottom column and beam; BC—bot-
tom column; BS—junction bottom column and slab; S—slab between column stubs, TC—top

column.

§f7ep
load where C =

**Peate = Asfy + AcCf'cp.

(Pitest — Asfy)/CAc.
0.85.

f'ep as given by equations on Fig. 15 through 20.

Computed concrete strength in the column at the maximum

Calculated load on the specimen where C = 90.85 and the value
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Fig. 12—Typical cracking for interior
column specimens, Type | (slab series)
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or internal pressure, subjected to the
overhanging floor concrete when the
floor concrete intersecting the column
was loaded axially. The remaining
three stages of cracking were as fol-
lows: vertical cracks of stage one pro-
gressing inward, in line with the slab
reinforcement to the perimeters of the
top and bottom columns; cracking of
the slab around the perimeters of the
top and bottom columns; and cracks
appearing in the column stubs adjacent
to the slab surface.

Failures for Type I specimens oc-
curred either in the top column or the
bottom column.

Beam series —For the edge column and interior column specimens,
Types E and I, three stages of cracking were observed as shown by typical
examples in Fig. 13 and 14, respectively. The first two stages for the Type
E and Type I specimens were similar to the first two stages of cracking
for the Type E and Type I specimens of the slab series, respectively. Split-
ting of the beams from the bottom of the slab constituted the third stage

of cracking.

Typical failures of the Type E specimens occurred either in the bottom
column or in the bottom of the beam next to the column. Specimen B30E1.5
failed in the top column. Typical failures of the Type I specimens occurred
in either the top column or bottom column.

ANALYSIS

Ultimate load capacities

Without intersecting floor concrete — The ultimate strength of a short
tied column without intersecting floor concrete, subjected to axial loads,
is usually considered to be the sum of the ultimate strength, CA.f.,
of the net concrete area, and the load, A,f,, required to stress the column

Fig. 13—Typical cracking

for edge column specimens, Type E (beam series)
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reinforcement to its yield point.
The ultimate load, P, which the
column can carry may then be com-
puted as follows:

P=CAdfeet Afy ... (1) = G .
L a i 850120 ")

where C is the ratio of the concrete
stress on an axially loaded column

to the column concrete compressive
strength as determined by 6 x 12- Fig. I4—Typ|ca| cracking for interior
in. cylinders. column specimens, Type | (beam series)

The ultimate load capacities for columns without intersecting floor
concrete, computed from Eq. (1) with C = 0.85,* are compared in Table
2 with the test data. The average ratio of the test to calculated values
is 1.00, with a standard deviation of 0.049.

With intersecting floor concrete — In computing the ultimate load of
a column, when a sufficient length of the central portion of the column
concrete is replaced by the weaker strength floor concrete, the value
of f’c. in Eq. (1) should be that of the weaker floor concrete strength,
f'es. However, as the length of the floor section is reduced and restraints
provided on the section in the form of slab or slab and beam reinforce-
ment, column reinforcement, surrounding floor concrete, and surround-
ing column concrete, there will appear to be an apparent increase in
strength of the floor concrete above the value expected on the basis
of known cylinder strength. This apparent strength, f’,,, may be ex-
pressed as follows:

freo = F(feors Focy Ri,Re, G, Do, @NA D) oo, (2)

Other variables may influence the magnitude of f’;, but the ones listed
seem to be the important ones. Therefore, in computing the ultimate
load of a column, with the usual thickness of intersecting floor concrete,
the value of f,, in Eq. (1) should be that of the apparent strength of the
floor concrete, f’.,. Using the value of 0.85 for C and {’,, for f.. in Eq. (1)
the ultimate load of a tied column with intersecting floor concrete may
be computed as follows:

P =0.854cfcp 4 Afy oo 3)
To use Eq. (3), the value of f’,, must be known. Sufficient information

is not available to develop a general expression for f’,, involving all
the variables listed in Eq. (2). However, expressions for f,, were

*ACI Committee 318, Bulldmg Code Requirements for Remforced Concrete (ACI 318-56),
ACI JourNaL, V. 27, No. , May 1956 (Proceedings V. 52), p.
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developed for each type of specimen from the limited data obtained
in this investigation.

For any one particular type of specimen studied in this investigation,
the lateral restraint, the end restraint, the geometry of the specimen, the
percentage of column reinforcement, and the percentage of slab or
slab and beam reinforcement remained constant. Therefore, Eq. (2)
indicates that the apparent floor concrete strength, f.,, is only a function
of the floor strength, f’.;, and the column strength, ., or:

f’w =F (f'ﬂl; f’cc)

Empirical equations for f’,, were developed from the test data of the
different types of specimens investigated, and are given in Fig. 15
through 20. In these figures, the ratio of the maximum apparent con-
crete strength to the floor concrete strength, f'.,/f.;, was plotted against
the ratio of the column concrete strength to the floor concrete strength,
fee/f ;. The apparent concrete strength, f'c,, in the ratio f.,/f¢;, Was
evaluated, for each specimen tested, by using Eq. (3) with P equal
to P The term f’. in the ratio f/../f s, represents the bottom or top
column concrete strength, whichever was lower, as determined from
6 x 12-in. cylinders.

The data on each figure were divided into two distinct failure types,
column failures and joint failures. For a given type of specimen the
type of failure depended on either the column strength or the ratio of
the column concrete strength to floor concrete strength.

3.0 /
/
/
Column Failure Line —»/
2.0 o
/ L =2 =150
/ fo
R3] X f
fep= fec \_ Joint Failure Line
1.0
Slab Series
Sandwich Column (Type S)
®-Siab Failure
0O 1.0 2.0 30 4.0 5.0

o

Fig. 15—Effect of f',;/f ¢, sandwich column specimens, Type S (slab series)
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3.0 7
/
/
. L / °
Column Failure Line \)»/ //
2.0 o - -
// <£-038- +0.66
el / /0 | fet fet
£ f/.' \-Joim Failure Line
cp cc_\ /4 J
1.0
Slab Series
Corner Column (TypeC)
®—Slab Failure
O ~—Column Failure
9% .0 20 3.0 70 50
fes

Fig. 16—Effect of #,/F ¢, corner column specimens, Type C (slab series
9 f P yp

If the specimen failed in the column, the apparent floor concrete
strength, f’¢,, in Eq. (3) was equal to the column concrete strength, /..
For this case, a 45-deg column failure line was constructed on each
figure. In Fig. 15 through 20, it can be seen that all specimens which
failed in the column lie close to the column failure line.

30 /
Column Failure Line ——\//
2.0 o S
o /| Tk ot
—~=0.45-— +0.68
8} ,o/ et of
W [ >
' ' /’/ ° |
fep= fcc—\ Joint Failure Line
1.0
Slab Series
Edge Column (Type E)
®—Slab Failure
O—Column Failure
O0 1.0 2.0 3.0 40 5.0
fet

Fig. 17—Effect of fo0/f o edge column

specimens, Type E (slab series)
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3.0 o
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/
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/
Column Failure Line——\yé/
2.0 O/O X
f f
£P - <c
& 2 < , 074fo +0.40
. (o]
283 .
fep = fer —\ \Joint Failure Line
1.0
Slab Series
Interior Column (Type I)
®—Slab Failure
O-Column Failure
OO 1.0 2.0 30 40 5.0

fec

fos

6=

Fig. 18—Effect of ¥,/ ¢ interior column specimens, Type | (slab series)

If the specimen failed in the floor, or joint, the apparent floor con-
crete strength, f’.,, was less than the column concrete strength /. In
this case, a decrease in the load-carrying capacity resulted as compared
with a column of the same column concrete strength with no intersecting
floor concrete, as indicated in Fig. 15 through 19 by the joint failure lines.

The ratios of the maximum test load, Py, to the calculated maximum
load, Py, are listed for each specimen in Table 3. The value, Py, was
computed by using Eq. (3) where f’;, was given by the equations shown
in Fig. 15 through 20. The over-all average ratio of the test to calculated
values is 1.01, with an over-all standard deviation of 0.075. The ratios
of the test to calculated loads agreed within 12 percent except for three
specimens. These specimens were S40C2.0, B75E3.0, and B40E2.0 which
had discrepancies of 17, 25, and 16 percents, respectively.

Effect of the ratio of column concrete strength to floor concrete strength

There were two important variables affecting the ultimate strength of
the specimens tested in this investigation. These variables were the
ratio of the column concrete strength to the floor concrete strength,
f’ee/f ¢s, and the type of specimen. For the types of specimens tested,
the effect of the ratio f./f,s on the load-carrying capacity may be
studied directly from Fig. 15 through 20.

The analysis indicates that up to some maximum critical value of
f'ee/f o, there will be no reduction in column strength due to intersecting
floor concrete. Up to this critical value of f’../f’¢;, the apparent floor
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concrete strength, f/.,, is equal to the column concrete strength, f.,
thus resulting in a column failure. For values of f'./f.; greater than
the critical value, there will be a reduction in the column load-carrying
capacity as compared with a column of the same column concrete
strength with no intersecting floor concrete. For this case, the apparent
concrete strength f/., is less than f’.., thus resulting in a joint failure.

The analysis indicates that ratios of f'../f¢; of 1.50, 1.40, 1.50, and 1.54
for the Types S, C, E, and I specimens, respectively, of the slab series,
and 1.39 for the Type E specimens of the beam series can be reached
before the apparent concrete strength, f’.,, becomes less than the column
concrete strength, /... For the Type I specimens in the beam series the
apparent concrete strength, f'.,, is still equal to the column concrete
strength, f, for a ratio of f'../f'c; of approximately 2.0

Effect of type of specimen

The effect that the type of specimen had on the load-carrying capacity
of a column can be observed in Fig. 21, which consists of the curves
shown in Fig. 15 through 20.

For ratios of f./f’c; defining joint failures, the joint failure line for
each type of specimen in the slab series and beam series, was at a
different slope as shown in Fig. 21. A study of the figure indicates that
the slope of the joint failure line increased as the number of sides of
the specimen being restrained by overhanging floor concrete increased.
The slopes of the joint failure lines were 0.00, 0.38, 0.45, and 0.74 for the

3.0
- /
/
/ f’ fl
Column Failure Line — / £P-0.05-5¢ +1.32
—y fcl fcl
2.0
/
7| e
-85 ,/ [ ]
e 7. A LN — e

fep = fo
e - ee _\/ N-Joint Failure Line
1.0 '

Beam Series
Edge Column (Type E)

® —Beam Failure
O-Column Failure

0 1.0 2.0 3.0 4.0 5.0

-
o -
o

-
Y
)

Fig. 19—Effect of f',o/f s, edge column specimens, Type E (beam series)
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Types S, C, E, and I specimens, respectively, of the slab series and 0.05,
and 1.0 for the Types E and I specimens, respectively, of the beam series.
It is interesting to note that Types C and E specimens of the slab series
had a joint failure line slope of 0.00 for ratios of f’../f'¢; less than 1.95
and 1.82, respectively.

In the Type S specimens of the slab series, the apparent concrete
strength reached a uniform top limit of 1.50 f'.; for ratios of f./f ¢
greater than 1.50. It is believed that the magnitude of the top limit will
depend on the dimensions of the weaker concrete, and to some extent
on the actual strength of the weaker concrete.

The data indicate that the efficiency of the Type E specimens of the
slab series was greater than the Type E specimens of the beam series.
The increase in efficiency may be explained in terms of the thickness of
weaker concrete and the amount of lateral restraint on the weaker
floor concrete. In the Type E specimens of the slab series the weaker
concrete was restrained for its full depth on three sides, whereas, in
the Type E specimens of the beam series the weaker concrete extended
down the column shaft below the slab for the depth of the beam and
was restrained on only two sides and a small portion of the third side.

The efficiency of the Type I specimens of the beam series was slightly
greater than the Type I specimens of the slab series. However, broad
conclusions should not be drawn because statistically there was an
insufficient amount of test data for the Type I specimens of the beam

30
Column Failure Line
QO
2.0
f(:.p:f:l:l ‘\
1.0 —
Beam Series
Interior Column (Type I)
O—Column Failure
0
0 1.0 2.0 3.0 40 5.0

fec
fes

Fig. 20—Effect of #.,/f o, interior column specimens, Type | (beam series)
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1.0 \_ { i
Slab Series—Type S

| | B
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oo
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Fig. 21—Effect of type of specimen (slab series and beam series)

series to evaluate a joint failure line. An examination of Fig. 20 indi-
cates that only three Type I specimens of the beam series, with approxi-
mately the same ratio of f../f'., were tested. However, based on the
data obtained, it may be possible that the restraint to the weaker con-
crete strength was greater in the Type I specimens of the beam series
due to the extra projection of concrete and use of additional steel as
compared to the restraint in the Type I specimens of the slab series.

DESIGN CONSIDERATIONS

Design formulas

Based on the results of this limited investigation using sand and
gravel concrete, and assuming tentatively that the results are applicable
to all tied columns, the present ACI Code tied column formulas, both
for working load design and ultimate strength design may be used for
ratios of f../f'¢s up to 1.4 for corner and edge columns and for ratios
of fe/f' ey up to 1.5 for interior columns.

For corner and edge columns, the data indicate that no substantial
benefits may be obtained by increasing the column concrete strength
beyond 1.4 times the floor concrete strength.

For interior columns it appears that approximately 75 percent of the
column concrete strength above 1.5 times the floor concrete strength
may be effective in sustaining load. For this case the value of f/, to be
used in both the working load and ultimate strength tied column
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formulas listed in the ACI Code* may be computed from the following
equation:

fe=1.50Fcr + 0.75 (foo — 1.50 f'or) oo (4)

Using /. as given by Eq. (4) the following working design and ultimate
strength tied column formulas are obtained:

P.=A, (0.14 fco + 0.067 f'er + 0.80 fi0y) ..o (5)
P=A,(064Fcc+031Fc) +Afy oo (6)

The data indicate that Eq. (5) and (6) are applicable for ratios of
f'ee/fer between 1.5 and 3.0 for interior slab intersected columns and
for ratios of f'../f’c; between 1.5 and 2.0 for interior slab and beam inter-
sected columns.

CONCLUSIONS

The following conclusions may be drawn from the results of this
limited investigation on the effect of floor concrete on column strength.

1. Two types of failures were observed in these tests: column failures
and joint or floor failures. The type of failure obtained in each specimen
tdepended on either the column strength or on the ratio of the column
concrete strength to the floor concrete strength.

2. The data and analysis indicate, that up to some critical value of
the ratio of column concrete strength to floor concrete strength f../f’c,
the 1956 ACI Building Code ultimate load column formula may be used
in computing the ultimate load for tied columns with intersecting floor
concrete. These critical ratios of f’../f'; are 1.4 for corner and edge
columns and 1.5 for interior columns.

3. For ratios of column concrete strength to floor concrete strength
greater than the critical values, the ultimate strength of a tied column
with intersecting floor concrete is a function of the amount of restraint
offered to the floor portion of the column and also of the ratio of the
column concrete strength to the floor concrete strength. For this case
the ultimate strength may be computed from Eq. (3) which is a modified
form of the present ultimate load column formula.

The above conclusions are based on a limited investigation in which
only two variables were considered. These were the ratio of the column
concrete strength to the floor concrete strength and the type of joint.
Many items which might have considerable influence on the behavior
of the specimens, such as the type of column (tied or spiral), column
size and shape, percentage of column reinforcement, thickness of the
floor, percentage of floor reinforcement, the height of the specimen,

*ACI Committee 318, “Building Code Requirements for Relnforced Concrete (ACI 318-56),”
ACI JournaL, V. 27, No . 9, May 1956 (Proceedings V. 52), p.
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type of concrete (lightweight or normal weight), and the type of loading
(axial or eccentric), were not considered. A broader investigation
should be conducted in which the effects of the above variables, constant
in this investigation, should be studied to provide a better understanding
of the behavior involved and a more adequate basis for design.
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