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The specimens (see Figures 1-3) which were tested by others2-4 

have been used to determine the validity of the Eq.(1). The 
effective or actual floor concrete strength is computed using 
the following equation :

where
 
Pu    = actual failure load, 
As    = steel reinforcement area, 
 fy    = yield stress of steel, 
 An   = net area of concrete.

DETERMINATION OF CONFINEMENT 
PRESSURE
Figures 4-5 show the crack pattern in the slabs tested by others2-4  
to failure. These will affect the way in which slab reinforcement 
is taken into consideration in determining confinement pressure 
at the column/slab junction.

BIANCHINI ET AL’S SPECIMENS2

Figure 4 shows how confinement pressure f1 is generated in 
the slabs tested by Bianchini et al2. By considering equilibrium 
of forces acting on portion of the slab ‘e f g h I j’ the slab 
reinforcements contributing to confinement pressure on one 
face of column are slab bars ‘a’, ‘b’, ‘c’ and ‘d’. However it is 
observed that the lengths of these bars are insufficient to develop 
the full yield strength of the steel. Full development length in 
tension is given by the equation5.
Where

ld   =  development length, in.
db  =  bar diameter, in.
     = cylinder strength of floor concrete, psi.
fy   = yield stress of steel, psi.
It is also observed that longitudinal splitting cracks occurred 
in the slabs where the reinforcements are placed due possibly 
to insufficient anchorage length for full development of yield 
stress. Sample calculations are included in the appendix to show 
how confinement pressure is obtained in such a case.
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ABSTRACT

This paper proposes a method modified from that as  first suggested by Siao1 to determine the effect on column strength 
taking into consideration the effect of confinement by the surrounding slab. Previous test results2-4 obtained by others (37 test 
specimens in total) have been used to justify the proposed method. Results show reasonable agreement between actual and 
predicted values.
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1.0 INTRODUCTION
Present day reinforced concrete column construction involves 
high strength concrete. But floor slab systems are of lower 
concrete strength. The ACI5 code lays down guidelines for 
determining concrete strength of column at the slab/column 
junction under such circumstances but this does not take into 
account the effect of slab reinforcement and its contribution 
to confinement stress on the column concrete. By increasing 
the amount of slab reinforcement, column strength in the slab 
can be raised and hence no special precaution or consideration 
as recommended by the code may be required when column 
strength exceeds 1.4 times the strength of the slab system if 
sufficient confinement  reinforcement is provided in slab.

RESEARCH SIGNIFICANCE 
A rational method of determining column strength at its 
intersection with the floor system would be highly desirable to 
designers when encountering concrete with different strengths 
for the column and slab systems as column strength tends to be 
higher for obvious reasons. This could  mean obviating the need 
to use concrete of higher strength for the  floor slab in and around 
the column.

THEORY
As first suggested by Siao1 the concrete at the column/
slab intersection is subjected to triaxial stresses and due to 
confinement stresses generated from the slab reinforcement 
the concrete failure stress is raised by an amount equal to the 
confinement stress multiplied by a factor k1. Using a modified 
equation as proposed by Siao1 the apparent floor concrete 
strength  is predicted by:

where

          = cylinder strength of floor concrete, 
 f1      = confinement stress 
 k1  is proposed 1 to be 5

[3]

[2]

[1]
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Figure 1: Bianchini’s2 slab specimen

Figure 2: Gamble et al’s4 specimens

Figure 5: Crack pattern in Gamble et al and Ospina et al’s slab3,4 
and effective anchorage length of slab reinforcements

Anchorage lengths

Figure 6: Slab reinforcement bars3,4 
contributing to confinement stress

Figure 3: Ospina’s3 specimens

BOTTOM VIEW
Bottom bars refer table

fy=77.3ksi

TOP VIEW

Figure 4: Crack pattern in Bianchini’s slab2 and bars contributing to 
confinement stress
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Figure 7: Forces acting across face of column due to moment 
in slab3

Figure 8: Crack pattern in slab specimen A1-A3 and effective 
anchorage length of slab reinforcements

Figure 9: Slab reinforcement bars3 contributing to confinement 
stress

Figure 10: Crack pattern in slab specimen C 4 and effective 
anchorage length of slab reinforcements

Figure 11: Slab reinforcement bars4 contributing to 
confinement stress
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OSPINA ET AL3 AND GAMBLE ET AL4 ’S 
SPECIMENS
Figure 5 shows the crack pattern in test specimens by Ospina et 
al3 and Gamble et al4. These were different from Bianchini et al ‘s 
specimens2. The former showed diagonal cracks m n extending 
from corner of column to corner of slab. Figure 6  shows the free 
body diagram of forces acting on one quarter of the slab. Slab 
bar ‘a’ can be ignored as anchorage length is minimal. For bars 
‘b’ , ‘c’ and ‘d’ their anchorage lengths need to be compared 
against that from Eqn.(3) to determine their effectiveness which 
could be less than full. Also to be noted is that both top and 
bottom bars are to be considered even if pressure is not uniform 
as number of top and bottom slab bars were not the same. This 
could be attributed to the fact that depth of slab to column width 
ratio is low less than or about unity. For Ospina et al’s slabs3 

majority of  specimens had loads applied onto the slab to induce 
moments in slabs at column face so that slab reinforcements 

were stressed to a certain percentage of or full yield strain. 
In such cases effectiveness of slab reinforcement in generating 
confinement pressure is reduced proportionately. However due 
to moments applied compression forces were induced at bottom 
of the slab as shown in Figure 7. These compression forces could 
still contribute to restraining forces but their effectiveness was 
less as only that near the column could reasonably be considered 
to be effective. Their effectiveness is assumed to be half (see 
sample calculations for specimen A1-B3).

COMPARISON OF PREDICTIONS AND 
EXPERIMENTAL RESULTS 
The comparison of the predictions using the method proposed 
in this paper and the experimental results from the testing in the 
literature2-4 is shown in Table 1. It shows that the predictions are 
fairly accurate. Results from three different testing programs2-4  
show averages of close to 1 and standard deviations of 10%.

Table 1: Test VS Predicted Slab Concrete Strength
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EXPERIMENTAL RESULTS AND 
DISCUSSION

Compressive Strength and Confinement 
Reinforcement 
Compressive strength of the floor slab is governed by the 
confinement stress which is dependent on the slab reinforcement. 
It appears that both top and bottom slab reinforcements are 
equally effective in providing confinement to the column force 
within the slab. If the slab reinforcement is stressed initially 
due to loading applied to the slab  its effectiveness in providing 
confinement is reduced but account has to be taken of the 
compression force generated from the bending moment in the 
slab caused by the slab loading. Consideration has also to be 
given to the anchorage length of the slab reinforcement as full 
yield strength cannot be achieved if this is inadequate.

Crack Pattern
Bianchini’s specimens2 show crack patterns different from that 
for Ospina’s3 and Gamble’s specimens3. Diagonal cracks were 
observed in the latter. A possible reason is that cracks tend to form 
at right angles to slab reinforcement. For Bianchini’s specimens 
there were no steel reinforcement between locations j and f 
(see Fig. 4) whereas for Ospina and Gamble’s specimens there 
were reinforcement in two directions between corresponding 
locations m and n (see Fig. 5). Hence in the latter the diagonal 
cracks formed at 45º to the slab reinforcement running in two 
perpendicular directions.

Further Research 
Further research needs to be done for cases where confinement 
from slab for edge and corner columns and also where 
confinement is provided by beams. Where beams are concerned 

consideration needs to be taken of the width of the beam as this 
could be less than the column width 1. There is also a need to 
study further the effect of the depth of slab to column width ratio 
on column strength. Specimens considered in this paper have 
depth of slab to column width ratio of 0.5 – 1.17. But as slab 
thickness increase relative to column width the confining effect 
of slab reinforcement may be reduced.

CONCLUSIONS 
A method has been proposed to predict the compressive strength 
of  a column/slab joint based on confining pressure derived from 
the slab reinforcement. This method would enable one to predict 
the location of failure ie. whether failure is in the column or 
in the slab. Comparison of predicted to actual failure stresses 
shows good agreement. But more work needs to be done to take 
into consideration confinement from beams and also from slabs 
for edge and corner columns. 
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