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Abstract
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The current design codes discuss the effective compressive strengths of columns, which reflect a decrease in load
transfer performance that can occur when columns and slabs have different concrete compressive strengths. The
effective compressive strength of a column increases as it is confined by the slab, and the design codes mandate
three different effective compressive strengths for interior columns (confinement on four sides), exterior columns
(confinement on three sides), and corner columns (confinement on two sides). For both corner and exterior columns,
the confinement effect of the slab is significantly smaller than that for the interior column, and there is a more marked
decrease in load transfer performance. However, there is still a lack of theoretical studies investigating the effective
compressive strengths of the corner and exterior columns. Therefore, based on the analysis model established in pre-
vious research, this study has proposed an equation for calculating the effective compressive strengths of the corner,
exterior and isolated columns without any confinement effects of the slab. In addition, axial loading tests of isolated
columns were conducted and the proposed equation was verified.
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1 Introduction

High strength concrete (HSC), which has a compres-
sive strength greater than 50 MPa, has been increas-
ingly used in a number of applications, and reducing the
cross-section of the column has been shown to lead to a
more efficient use of floor space (Lee and Mendis 2004).
By contrast, since increasing the compressive strength
of slab concrete does not significantly contribute to
enhancing flexural performance, normal strength con-
crete (NSC) is typically used for slabs (Gamble and Klinar
1991). When HSC is used for columns and NSC is used
for slabs, the placement of NSC between the upper and
lower HSC columns affects the load transfer mechanism
of the columns.
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The current design codes (ACI 318-19; CSA A23.3-14
(2019)) include a provision that requires that the column
can ensure proper load transfer performance when the
upper/lower columns and slabs have different compres-
sive strengths, as shown in Fig. 1 (Urban and Goldyn
2015). The ACI 318-19 suggests that if the compressive
strength of the column concrete exceeds 1.4 times the
compressive strength of the slab concrete, the column
concrete should either be extended beyond the col-
umn face by a distance greater than 600 mm as shown
in Fig. 1b, be reinforced with a vertical dowels or spirals
as shown in Fig. 1c, or adopt the effective compressive
strength (f/,). Here, when four sides of the column are
confined by the slab (hereinafter referred to as an interior
column), the effective compressive strength is assumed
to be the strength of the concrete, consisting of the sum
of 75% of the column concrete strength (f;,) and 35% of
the slab concrete strength ( fc;). In addition, if two sides
of the column are confined (hereinafter referred to as a
corner column) or three sides of the column are confined
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Fig. 1 Type of column-slab connection (Urban and Gotdyn 2015).
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(hereinafter referred to as an exterior column), the col-
umn concrete strength (f.) can be used as the effective
compressive strength of the column (f;,) when the com-
pressive strength of the column (f.) does not exceed
1.4 times the slab compressive strength ( fc}), whereas
the compressive strength of the slab concrete (f)) can
be used as the effective compressive strength of the col-

umn (f,,) when the compressive strength of the column

(f¢c) exceeds 1.4 times the slab compressive strength (7).
The CSA A23.3-14 suggests that when the column con-
crete compressive strength ( f7.) exceeds the slab concrete
compressive strength ( fc;.), the column concrete should
either be extended beyond the column face by a distance
greater than 500 mm as shown in Fig. 1b, be reinforced
with a vertical dowels or spirals as shown in Fig. 1c, or
adopt the following effective compressive strength (£7,).
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a. For interior columns

fr, = 1.05fc; +0.25f,, < f. (1a)
b. For exterior columns

Jeo = 141 < foe (1b)
c. For corner columns

Jee =15 (1c)

In attempts to estimate the effective concrete strength
of HSC columns with intervening NSC slabs, many
researchers have conducted a number of experimental
studies (Lee and Mendis 2004; Gamble and Klinar 1991;
Bianchini et al. 1960; Kayani 1992; Shu and Hawkins
1992; Ospina and Alexander 1998; McHarg et al. 2000;
Shah et al. 2005). These studies have varied the number
of sides of the column confined by slab, the compressive
/ C}), and the

ratio of slab thickness to column section dimension (//c).
From the test results, they proposed empirical or semi-
empirical models for estimating the effective compressive
strength. However, the proposed models were developed
solely based on the results of experimental research with-
out any analytical research, and the equations of effective
compressive strength presented in the current design
codes (ACI 318-19; CSA A23.3-14) were also derived
solely from the test results of the existing research.
Therefore, a theoretical study is necessary to further elu-
cidate the background of the effective compressive
strength and load transfer mechanism between columns
and slabs with different compressive strengths.

HSC columns and NSC slabs are subjected to the same
compressive stress due to the axial load. However, the
vertical strains of the column and slab are different, and
the horizontal strains are different as well. As a result,
tensile and compressive stresses occur in the column
and the slab, respectively, in the orthogonal direction of
the axial load. Choi et al. (2018) estimated the stresses
induced by the orthogonal strains of columns and slabs,
and theoretically proposed the effective compressive
strengths of corner and exterior columns by deriving the
vertical-horizontal stress interaction curve of the column
and slab. The model proposed by Choi et al. (2018) pro-
vided analysis results that were very similar to the test
results. However, it requires a complex iterative calcu-
lation process to estimate the stress demand curves of
the column and slab as well as the failure criteria of the
column and slab, which makes it difficult to be used as a
design equation.

Therefore, this study sought to simplify the proposed
model of Choi et al. (2018) and propose a design equation

strength ratio of the column and slab (f,
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for the effective compressive strengths of isolated, corner
and exterior columns. This study does not include inte-
rior column, i.e., surrounded by beams or slabs on four
sides. The study on interior columns will be carried out
in the future using the theoretical approach of corner and
exterior columns performed in this study. In this regard,
the axial loading test was conducted on the isolated col-
umns with no confinement of slabs. Then, the test results
were compared with the effective compressive strength
obtained from the proposed equation.

2 Detailed Model

When columns are subject to arbitrary compressive
force (P;), HSC columns and NSC slabs experience the
same compressive stress (o;). By contrast, the vertical
strains that occur in the HSC columns and NSC slabs
vary, which in turn produces differences in the horizon-
tal strain caused by the Poisson effect. However, since the
interface between the HSC column and the NSC slab is
synthesized, both the column and the slab are expected
to exhibit the same horizontal strain. Due to this compat-
ibility condition, the compressive stress in the horizon-
tal direction is applied to the NSC slab in the vicinity of
the column-slab interface, while the tensile stress in the
horizontal direction occurs in the HSC column, indi-
cating a mutually intervening stress status. As shown in
Fig. 2, Choi et al. (2018) determined the effective com-
pressive strength of the column based on the mechanism
that first reaches the corresponding potential capacity
among the multi-axial stress behavior curve (compres-
sion-tension-tension) occurring in the HSC column and
the tri-axial compressive stress behavior curve occur-
ring in the NSC slab. As shown in Fig. 2, the vertical axis
represents the vertical compressive stress (o0;) applied to
the column and slab concrete while the horizontal axis
represents the horizontal stress of the column and slab
(docco and dogjo) induced in interfacial concrete caused
by the mutual interference between the column and slab.
The curves indicated by straight lines are the vertical-
horizontal stress interaction curves (0.c0pehavior and
0¢j0,behavior) that occur in the slabs and columns subject
to axial stresses, while the dotted lines are the failure cri-
terion curves (0o faiture a0d 0o faiture) Of the slabs and
columns, respectively. Among the intersecting points of
the stress interaction curves and the corresponding fail-
ure criterion curves, the smallest value is determined to
be the effective compressive strength column (f,) of the
column.

In the study conducted by Choi et al. (2018), the ten-
sile strain de..o and tensile stress do.o occurring in the
column as well as the compressive strain dsgjo and com-
pressive stress doo occurring in the slab were calcu-
lated using the force equilibrium condition and strain
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Fig. 2 Analytical method of effective column strength (Choi et al. 2018).

Lateral stress in slab(d Cyo)

compatibility condition in the interference zone between
the column and slab, as follows:

VEGA g eff (E¢j0 — Ecco)

de =
«“0="E. Acceff + EcjAcjeff (2a)
do _ VEccEchcj,eﬁ" (Sch — SCCO) .
cc0 = EccAcc,eﬁ” + EC]'ch,eﬁ" (2b)
de.io = VEccAcc,eff (8cj0 — €cc0)
o = EccAceeff + EciAdef (3a)
O‘C/'() _ VEccEchcc,eﬁ (Sc;'O — SCCO) (Bb)

EccAcc,eﬂ + Ech cjeff

where v is Poisson’s ratio of the concrete and ..o and &
are the vertical compressive strains of the column and
slab concrete, respectively. Further, E.. and E are the
elastic modulus of the concrete for the column and slab,
respectively. Finally, A.or and Ageq are the effective
interference area of the column and slab, respectively,
and can be calculated as follows:

1,

Acc,eﬁ" = gc (4)

1
Agje = gcz (when, ¢ < 3h) (5a)

Ageff = %ch (when, ¢ > 3h) (5b)
where ¢ is column width and / is slab thickness. Based
on the bi-axial strength failure envelope of concrete pro-
posed by Kupfer et al. (1969) and the tri-axial compres-
sion test on the concrete cylinder specimens (Richart
et al. 1928), the column and slab failure criteria (occo fiture
and oo aiture) were estimated using the following
equations.

/
GccOfailure(dGCCO’Ui) = _L,Cdacco +fc/c -0, =0 (63)
ct

00 failure (dchor Gi) :fc; + 4-151(751'0 —0;=0 (6b)

where f}, is the tensile strength of the column concrete,
which was assumed to be 0.6 /1.

3 Simplified Model

Figure 3 shows the process of estimating the effective
compressive strength of the column using a detailed
model. When an axial load is applied to the column, a
vertical stress (o;) is generated while moving point (D
to point @), and the potential capacity (oo Jfailure) Of
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Fig. 3 Process of proposed method.

the column in the interference zone decreases while the
potential capacity(ogjo,mimre) of the slab increases due
to the tensile stress generated in the column and the
compressive stress generated in the slab. As a result,
the stress—strain relationship between the column and
slab concrete varies, and the difference in compres-
sive strength between the column and slab concrete
decreases. With increasing vertical stress, the strength
difference between the column and slab concrete grad-
ually decreases, and there exists a point at which the
capacity of the column and slab concrete becomes equal,
which is referred to as point ®. Meanwhile, if the stress
behavior curves of the column or slab reach the fail-
ure criteria before reaching point ®), the lower value of
the two is determined to be the effective compressive
strength. If point @) is successfully reached, no further
confinement stress occurs, since the horizontal strain
generated by the Poisson effect of the column and slab
at the interface is the same. Therefore, in the column
and slab concrete after point ), only the vertical stress
increases while the horizontal stress ceases to increase.
Ultimately, the vertical stress at point @ is determined to
be the effective compressive strength of the column. The

effective compressive strength (f,,) can be represented
by the following equation through the assumption that
behavior curves of column and slab do not reach the fail-
ure criteria before reaching point .

_ docco
0.61/f/.

The following relation can be derived from the force
equilibrium condition in the column-slab interference
zone.

See = fe (1 > = fg +4.1dogo (7)

dUccOAcc,eﬁ - do—chACj,eﬁr =0 (8)

The effective compressive strength can be calculated
using Eqs. (7) and (8) without the need for iterative calcu-
lations. Equation (8) can be represented using the effec-
tive interference area of the column and slab as follows:

9)

where K is the effective interfacial area ratio of the col-
umn and slab (A, e / Agj o) and can be calculated based

dach =K -doco
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on the width of the column (c¢) and the thickness of the
slab (%) as follows:

K =1 (when,c < 3h) (10a)

A
K=2ed _ £ (when, ¢ > 3h)

(10b)
Agep  3h

From Egs. (7) and (9), the following equation can be
derived.

Q- doceo :fc/c _fc}

where Q is 4.1K + /f/./0.6. With (9) and (11) summa-
rized, the effective compressive strength of the column
can be estimated in a simple manner using the equation
below.

(11)
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K

fo=Fy +a1 g (fe 1) (12)

4 Experimental Research

Figure 4 and Table 1 show the detailed dimensions and
material properties of the specimens. The width of the
square column is 200 mm, the thickness of the joint is
100 mm, the height of both the upper and lower columns
is 600 mm, and the total height of the entire column is
1300 mm. 4-D13 rebar with a yield strength of 419.2 MPa
was used as the longitudinal reinforcement, while a D6
rebar with a yield strength of 435.6 MPa was used for the
transverse reinforcement. The C1 specimen is a control
specimen, and the lower column, joint, and upper col-
umn were placed using the same compressive strength
concrete (51.18 MPa). The C2 to C5 specimens were
installed in the following order in order to reflect the real
construction process: lower column, joint, then upper
column. For the C2 specimen, the compressive strengths
of the column and joint were 47.76 and 35.51 MPa,

—c00 _ 0 eroaij respectively. The s.trength ratio of the column and jo.int

— was 1.35. According to the ACI 318-19, the effective

0 compressive strength for the C2 specimen does not need

0 E]i to be considered, because the strength ratio of the col-

umn to the joint is less than 1.4, but the decreased load

o g transfer performance of the column must be considered

3 in accordance with the CSA A23.3-14. The column-joint

2 compressive strength ratios of the C3 and C4 speci-

mens were 1.44 and 1.40, respectively. In this case, the

2 decreased load transfer performance should be consid-

ol of - ered in not only the CSA A23.3-14 but also the ACI 318-

9 QF © 19. The C5 specimen has a joint thickness of 200 mm,

D13 while the ratio of the joint thickness to the column sec-

tion dimension (//c) is 1.0. The total height of the column

is 1300 mm, like the other specimens, the height of both

- the upper and lower column is 550 mm, and the remain-

3 D6 ing details are the same as those of the C3 specimen. As

shown in Fig. 5a, metal shoes were installed so as to avoid

failure caused by stress concentration at the ends of the

columns. As shown in Fig. 5b, in order to measure the

L— L deformation of the columns and slabs during the test,

Fig. 4 Specimen details (units : mm). linear variable differential transformers (LVDTs) were

Table 1 Specimens details.

¢ (mm) h(mm) f. (MPa) f,; (MPa) fedlf; As (mm?) fy (MPa)
C1 200 100 51.18 51.18 1.00 506.8 419.2
2 200 100 47.76 35.51 1.35 506.8 419.2
3 200 100 51.18 3551 1.44 506.8 419.2
C4 200 100 49.77 3551 140 506.8 419.2
() 200 200 51.18 3551 144 506.8 4192
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Testing machine head
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a Test setup

b Photograph of specimen setup
Fig. 5 Test setup.

installed on the upper and lower columns and slabs. The
load was applied using a universal testing machine with
a maximum compressive capacity of 5,000kN under dis-
placement control.

4.1 Test Results and Discussion

Table 2 summarizes the test results of the specimens.
According to the ACI 318-19, the axial force (P,) of the
column without eccentricity is given as follows.
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Table 2 Summary of test and analysis results.

Specimens ’ + Ptest (KN)  f/ 4 ’ ’
P fe fcj test cetest Cepro fce,resr fce,pro

(MPa) (MPa)

@ 1.00 1928.0 5110 - -

C2 1.35 15126 3873 3873 100
3 144 1786.7 4690 3952  1.19
c4 140 1725.0 4506 3920 115
c5 144 14226 3605 3952 091
Average 1.06
SD 0.13
cov 0.12

Py = of! (A — A) + S

where a is 0.85 in ACI 318-19 and 0.85-0.0015 f in CSA
A23.3-14; f is the compressive strength of the concrete;
Ayg is the gross sectional area of the column; and A, and
fy are the sectional area and yield strength of the longi-
tudinal reinforcement in the column, respectively. In this
study, the effective compressive strength of the test speci-
men (ff, ;) was calculated using the maximum axial
force of the column (Py) according to the test measure-
ments and Eq (13), as follows:

f, _ Ptest _fyAs
ce,test (x(Ag _ As)

(13)

(14)

Figure 6 shows the axial load—axial strain responses of
the test specimens. The axial strain of the specimen was
calculated by dividing the deformation of the entire col-
umn measured from the LVDTs by the total length of the
column. In all of the specimens, the strains at the maxi-
mum load were between 0.002 and 0.003, and most of
them were failed in a brittle manner after reaching the

2500
—C1 ---C2 —-C3 ---C4 ---C5
—_ 2000
E Ao\ .,K_'/'\
= - S
= 1500 e
] S e .
2 /', 4 , ’ /’/ "
S 1000 s
o= , 2 ,’,/'/
& 4 /,’,/'
< 500 o
dEros
o
r./.
Ed
0
0 0.001 0.002 0.003 0.004 0.005
Axial strain
Fig. 6 Applied load—axial strain relationship.
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maximum axial load. The maximum axial load of the C1
specimen with the same compressive strength of the col-
umn and joint was found to be 1928 kN, and the effec-
tive compressive strength calculated using Eq. (14) was
51.1 MPa, which was almost equal to the compressive
strength of the cylinder specimen. For the C2 specimen
with a column to joint strength ratio of 1.35, it is not nec-
essary to use the effective compressive strength based
on the ACI 318-19. However, the effective compressive
strength of the C2 specimen derived from the test was
38.73 MPa, which indicates about a 19% a reduction
in compressive strength compared to the compressive
strength of the upper column of 47.76 MPa. The maxi-
mum load of the C3 specimen (column-joint strength
ratio 1.44) was 1786.7 kN and the effective compressive
strength was 46.9 MPa, while the effective compressive
strength of the C3 specimen calculated based on the ACI
318-19 was 35.51 MPa. The C2 and C3 specimens have
the same joint concrete strength, and the column con-
crete strength of the C3 specimen is 51.18 MPa, which
is higher than that of the C2 specimen (47.76 MPa).
According to the ACI 318-19, however, the effective
compressive strength of C3 specimen is smaller than C2
specimen because the ACI 318-19 code specifies that
the effective strength equals to the concrete strength of
the slab when the critical strength ratio of the column
and joint exceeds 1.4, which is the case of C3 specimen.
The maximum load of the C4 specimen was 1725.0 kN
and the effective compressive strength was 45.06 MPa,
which was reduced by about 9% compared to the com-
pressive strength of the upper column (49.77 MPa). The
maximum load of the C5 specimen was 1422.6 kN and
the effective compressive strength was 36.05 MPa. For
the C5 specimen, only the thickness of the joint increased
in comparison with the C3 specimen, and the effective
compressive strength was reduced by about 23% when
compared to the C3 specimen (46.9 MPa), thus demon-
strating a very notable difference.

Figure 7 shows the crack patterns at compression fail-
ure for each test specimen. Cracks hardly occurred until
the maximum load was reached, which means that most
cracks occurred immediately after reaching the maxi-
mum load. In all specimens, more cracks occurred in
the upper column and joint than in the lower column. In
addition, in the C3, C4, and C5 specimens, in which the
strength ratio of column to joint or joint width was large,
more damage occurred to the joint.

4.2 Verification of Proposed Model

In order to verify the proposed model, the test results
from a total of seven studies were collected (Lee and
Mendis 2004; Gamble and Klinar 1991; Bianchini et al.
1960; Shu and Hawkins 1992; McHarg et al. 2000; Shah

Page 8 of 11

Fig. 7 Crack patterns of specimens.

et al. 2005; Lee et al. 2007) and the collected test results
are summarized in Table 3 along with the experimental
results derived from this study. Figure 8 shows a com-
parison of the test results and analysis results through
the effective compressive strength equation presented
in ACI 318-19 and CSA A23.3-14 as well as the anal-
ysis model proposed in this study. The horizontal axis
represents the effective compressive strengths of the
test specimens (f, ) calculated using Eq. (14), and
the vertical axis represents the analysis results (f,)
estimated through the code equation or the proposed
model. The results of the calculations through ACI
318-19 showed that the average (AVG) ratio of the test
results to the analysis results (fJ, .. /f%) was 1.659,
exhibiting a very conservative result, and the coefficient
of variation (COV) was 0.488, leading to a large devia-
tion of fJ, ./ fr. The effective compressive strength
presented in the CSA A23.3-14 also found to provide
fairly conservative analysis results, as the AVG and
the COV were respectively estimated to be 1.762 and
0.478. By contrast, for the proposed model, the AVG
and the COV were found to be 1.200 and 0.211, respec-
tively. Therefore, it was confirmed that the proposed
model not only conservatively predicted the effective
compressive strengths of the test specimens, but also
exhibited superior analytical accuracy over the cur-
rent design codes. In this sense, the proposed model
is expected to have a high utilization value in practical
design.
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Table 3 Summary of corner and exterior column test specimens.

Researcher Specimen ID fl. fl, flotest Researcher Specimen ID fl. fl. o tost
(MPa)  (MPa)  (MPa) (MPa)  (RPa)  (MPa)

Shu and Hawkins A 486 350 41.2 Shu and Hawkins E-4 48.5 18.0 338
B 48.6 350 43.6 E-5 485 18.0 378
C 48.6 350 41.2 E-6 485 18.0 39.8
D 46.6 349 40.5 Bianchini et al. S7553.0 36.7 15.0 19.0
E 46.6 349 373 S60S2.4 355 135 17.0
FT 47.6 314 34.1 55052.0 359 15.0 19.6
G 47.6 314 30.5 S3751.5 20.8 135 17.9
H 50.8 236 232 S90C3.0 520 17.0 231
| 50.8 236 310 S75C3.0 51.2 18.5 25.2
J 50.8 236 395 S60C3.0 37.1 8.8 17.5
K 488 309 375 S60C2.0 457 24.8 27.3
A-1 40.8 39.2 350 S50C2.0 38.2 17.6 213
A-2 40.8 392 342 S40C2.0 24.2 104 16.6
A-3 40.8 39.2 34.7 S45C1.5 27.5 188 21.1
A-4 40.8 39.2 335 S37C15 22.5 159 18.5
A-5 40.8 392 35.1 S30C1.5 16.5 105 128
A-6 40.8 39.2 343 S90E3.0 52.5 16.8 283
B-1 454 21.1 16.6 S75E3.0 46.9 164 26.2
B-2 454 21.1 20.0 S60E3.0 358 11.9 20.8
B-3 454 211 264 S60E2.0 451 239 29.0
B-4 454 21.1 320 S50E2.0 353 16.2 215
B-5 454 211 356 S40E2.0 232 9.6 16.4
B-6 454 21.1 359 S45E1.5 238 17.7 213
C-1 458 238 239 S37E15 20.8 13.7 18.6
C-2 458 238 24.9 S30E1.5 158 10.1 154
C3 45.8 238 317 Lee and Mendis SC1 80.6 17.5 337
C-4 458 238 354 SC2 774 20.7 321
G5 458 238 370 SC3 839 282 317
C-6 45.8 238 376 Gamble and Klinar A 86.2 283 439
D-1 386 6.9 8.6 B 86.9 255 42.1
D-2 386 6.9 10.2 E 90.3 455 579
D-3 386 6.9 15.8 FT 97.9 159 386
D-4 386 6.9 24.6 | 924 30.3 579
D-5 386 6.9 27.8 J 793 36.5 614
D-6 386 6.9 36.0 McHarg et al. CN 80.7 30 438
E-1 48.5 18.0 155 This study Q 47.8 355 38.7
E-2 48.5 18.0 17.7 a 512 355 46.9
E-3 485 18.0 24.7 c4 49.8 355 451

Shah et al. SCSB-1 84 29 42.3 5 512 355 36.1

Leeetal. NC 8833 46.89 533

5 Conclusion verified by comparing with the compression test results

In this study, the compressive strengths of HSC columns  obtained from this study and collected from literature.
with intervening NSC slabs were investigated, and a sim-  The following conclusions were derived from this study.
plified equation for estimating the effective compressive

strength of the column was proposed, based on the ana- 1. In the ACI 318-19, it is understood that there is no
lytical research. In addition, the proposed equation was decrease in the compressive strength of the column
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when the compressive strength ratio of the column
and slab concrete (f, fc;) is less than 1.4. However,

the test results of isolated columns showed a reduc-
tion in the strengths of the columns in the cases of

f / [ < 1.4. Therefore, it can be concluded that the

effective compressive strength provision presented in
the ACI 318-19 demonstrates some unreasonable
aspect; further study is still required though.

2. In this study, a simplified equation for effective com-
pressive strengths was derived by applying the failure
criteria of the column and slab, as well as the force
equilibrium condition in the column-slab interfer-
ence zone. The proposed equation was proven to
be capable of estimating the effective compressive
strengths without the need for a complex iterative
calculation process.

3. According to the results of analysis on the test speci-
mens obtained using the proposed model, the pro-
posed model not only provided conservative results
on the effective compressive strengths of the test
specimens, but also evaluated them with a high accu-
racy compared to the current design codes (ACI 318-
19, CSA A23.3-14). Therefore, it is expected that the
proposed model may prove very useful in terms of
practical design.

Abbreviations

f,: Effective compressive strength; f/: Concrete compressive strength of the
column; f/: Concrete compressive strength of the slab; doco: Horizontal stress
of the column; dojo: Horizontal stress of the slab; decco: Tensile strain occurring
in the column; do¢c: Tensile stress occurring in the column; degje: Compres-
sive strain occurring in the slab; dogjo: Compressive stress occurring in the
slab; v: Poisson's ratio of the concrete; e Vertical compressive strains of the
column; go: Vertical compressive strains of the slab; £ Elastic modulus of the
concrete for the column; E;: Elastic modulus of the concrete for the slab; A e
: Effective interference area of the column; A Effective interference area of
the slab; c: Column width; h: Slab thickness; f/,: Tensile strength of the column
concrete; Ag: Gross sectional area of the column; As: Sectional area of the
longitudinal reinforcement in the column; f,: Yield strength of the longitudinal
reinforcement in the column.
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