ISSN 1392 - 1207. MECHANIKA. 2008. Nr.3(71)

Analysis of compression zone parameters of cross-section in flexural
reinforced concrete members according to EC2 and STR 2.05.05

D. Zabulionis*, E. Dulinskas**

*Vilnius Gediminas Technical University, Saulétekio al. 11, 10223 Vilnius, Lithuania, E-mail: dariusz@st.vgtu.lt
**Vilnius Gediminas Technical University, Saulétekio al. 11, 10223 Vilnius, Lithuania, E-mail: skmml@st.vtu.lt

1. Introduction

It is known that for the analysis of normal sec-
tions of flexural, eccentrically tensioned and eccentrically
compressed members according to acting regulations
STR 2.05.05:2005 [1] and EC2 [2] different stress-strain
(o.~¢.) diagrams for concrete in compression may be used:
parabola with descending branch, parabola-rectangle and
bi-linear. Rectangular diagram for the stresses in concrete
compression zone can be applied as well. For engineering
applications, direct application of nonlinear stress diagrams
is too complicated and thus inconvenient. For simplifica-
tion of the analysis in many codes [1-7] rectangular stress
diagram is substituted for nonlinear stress diagram in con-
crete compression zone. Coefficients applied for the substi-
tution of these diagrams have to ensure this substitution to
be equivalent, i.e. carrying capacity of the compression
zone calculated using both nonlinear and rectangular stress
diagrams should be the same.

Articles [8, 9] deal’ with the substitution of rec-
tangular stress diagram of compression zone in normal
section of flexural members for nonlinear stress diagram.
A general method making it possible to perform equivalent
substitution of the diagrams was presented. Using men-
tioned method equivalency of the substitution of said dia-
grams was analyzed, i.e. concurrence of centers of the dia-
grams and equality of resultants of these diagrams. In arti-
cle [9] equivalency of the substitution of rectangular stress
diagram for parabola-rectangle one according to STR [1],
EC2 [2], DIN [3] and SNB [5] was considered. It was de-
termined that replacement of the diagrams according dif-
ferent methods of the codes for reinforced concrete struc-
tures is not quite equivalent. I.e. the area of nonlinear stress
diagram to be replaced and that of the rectangular stress
diagram are not equal and coordinates of the centers for
these diagrams are not equal either. It will be observed that
the most equivalent from all investigated diagram substitu-
tion methods was found to be the substitution of rectangu-
lar diagram for parabola- rectangle stress diagram accord-
ing to DIN [3].

Though normal section of flexural members in
codes [1-3] can be analyzed using the presented in EC2
o€, diagrams for concrete in compression: parabola, pa-
rabola- rectangle and bi-linear, but coefficients of rectan-
gular stress diagram of concrete compression zone in the
mentioned codes are different. Besides the mentioned
codes in some methods [10, 11], coefficients ostensibly
allowing equivalent substitution of rectangular diagrams
for the said nonlinear diagrams are presented as well.
These coefficients for the same o.-¢,. diagrams according to
different methods are different as well. Therefore, in the
article coefficients for rectangular stress diagram used in
various regulations and methods are analyzed. These coef-

ficients are compared with experimental data presented by
other authors.

2. The main dependences

For rectangular cross-section members the com-
pression zone resultant (F,) and its moment (M,) in relation
to the stress resultant in tensile reinforcement of reinforced
concrete flexural members are determined according to the
following well-known general dependences

F, :bj’j_x o,(z)dz (1)
M, =b[ z0,(z)dz @)

where o, is concrete stress distribution function in concrete
compression zone, z is a coordinate in coordinate system
YOZ (Fig. 1), x is compression zone depth, b is the width
of cross-section. It is obvious that direct application of
nonlinear diagram for stress in compression zone is incon-
venient since integration is required. For example the uni-
versal method of the integration proposed in [12, 13] is
complicated in comparison with a case when a rectangular
stress diagram is used. Therefore, for simplification of the
calculation rectangular diagram is substituted for nonlinear
stress diagram in compression zone.

In the case when rectangular stress diagram is
used, resultant F. of stress in concrete compression zone
and its moment M, about stress resultant in tensile rein-
forcement are determined according to such known general
dependences

F.=nf.blx=nfbl&d 3)

M, =nf.bAx(d—0.51x)=nf.bAd’E(1-0.54&) 4)

where f. is compressive strength of concrete, d is the dis-
tance between the top of a beam and stress resultant in
tensile reinforcement (Fig. 1, a), ¢ is relative compression
zone depth & = x/d. Coefficients # and A by means of which
the width and depth of rectangular stress diagram are
changed in such a way that the areas of rectangular stress
diagram and of equivalent to it nonlinear stress diagram
would be equal, coordinates of gravity centers for these
diagrams would be equal as well (Fig. 1). Other meaning
of coefficients # and 4 is as follows. Coefficient # is the
ratio of areas of nonlinear diagram and of equivalent to it
rectangular diagram while the depth of such rectangular
stress diagram is equal to Ax and the width is the same as
that of nonlinear diagram, i.e. f. [8, 9]. Coefficient # also
can be treated as the ratio of widths of rectangular and of
equivalent to it nonlinear stress diagram. Coefficient 4 is
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the ratio of depths of rectangular and of equivalent to it
nonlinear stress diagram [14] or the depth of rectangular
stress diagram described in normalized coordinates, i.e.
A =x, when x =1. Some methods [10, 11, 15] and other,
especially composed on the basis of DIN 1045, instead of
separate coefficients # and A present their product 7. In
many methods, e.g. [10, 11], instead of coefficient 4, a
coefficient corresponding to 0.54 is given.

Coefficients # and A can be determined in such
way [8, 9]

n=F:/28, (%)

A=28,[F, (6)

here F, is compression zone resultant and S, is the moment
of resultant F. about the layer of concrete under the highest
compression. In the case of parabola with descending
branch diagram for rectangular cross-section the compres-
sion zones F. and S, are such [8]
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where x is the depth of concrete compression zone, ¢.; and
&1 are the strain at the maximum stress and the ultimate
strain of the compressive concrete for the parabola o.-¢,
diagram with descending branch respectively. These coef-
ficients and other coefficient & can be found in EC2 and
STR [1].

In the case of parabola-rectangle diagram for rec-
tangular cross-section compression zones F,. and S, are
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such [9]
&
F =fxl—— 9
c,parab-rec j;‘ ( £, (l’l+1)) ( )
Sc,parahfrec :0‘5f6x2 [(1_602 /gCuZ)Z -
e nle,, /€., (3+n)—2n—4
c2 (02/ cu2( )2 ) (10)
gcu2(2+3n+n )

here ¢, and ¢, are strain at the maximum stress and the
ultimate strain of the compressive concrete for the parab-
ola-rectangle o.-¢. diagram respectively. These coefficients
and factor n can be found in EC2 and STR [1] as well.
According to EC2 for rectangular stress diagram
coefficients are determined by the following formulae

Mgc, =1.0, when £, <50 MPa an
’7EC2 :10_(f;'k _50)/200, Whenf;,k >50MPa

Agc,=0.8, when f,, <50MPa (12)
Ager =0.8—(f,,—50)/400, when f,, >50MPa

According to STR [1] the coefficients for rectan-
gular stress diagram are described not in the same way as it
is in EC2, ACI 318 or DIN 1045, but by the physical sense
the coefficient for concrete design strength o and concrete
compression zone deformability factor @ correspond with
n and 4 coefficients [14]. These coefficients are calculated
using such formulae [1]

Nsr =a=0.9, when f,, <50MPa 13
Nern = =0.9—(f., —50)/200, when f,, >50MPa

Aep =0=a—0.008 1, (14)
here a is the coefficient allowed for concrete type: for
normal-weight concrete a = 0.85, for fine grain Group A
concrete a =0.80, for fine grain Group B concrete
a=0.75, for light-weight concrete a =0.80, f.; is design
concrete strength in MPa
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Fig. 1 Idealized stress diagrams in cross-section compression zone of a flexural member in failure stage: a — variation of
deformations along cross-section height, b — parabola with descending branch diagram, ¢ — parabola-rectangle dia-
gram, d — rectangular stress diagrams: / — equivalent 2 — not equivalent
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Table
Coefficients for rectangular stress diagram
gzl 2| 2| 8|8 |5 |g |8 |8 8% |8 |l&]|8g]|¢s
Z- I = - A T = - A - - - T T O I =
oe | © &) 3 O &) &} &) o o &} O O &) O 3
parabola with descending branch diagram coefficients by [8] or (5) — (8)
Nparap | 0.852 | 0.832 | 0.844 | 0.858 | 0.863 | 0.875 | 0.869 | 0.864 | 0.880 | 0.878 | 0.907 | 0.905 | 0.87 | 0.85 | 0.839
Aparab | 0.934 | 0.924 | 0.907 | 0.889 | 0.872 | 0.855 | 0.847 | 0.839 | 0.821 | 0.813 | 0.773 | 0.746 | 0.719 | 0.709 | 0.700
parabola—rectangle diagram coefficients by [9], or (5), (6), (9), (10)
Nparab-rect 0.973 0.947 | 0.921 | 0.877 | 0.845 | 0.826
. parab-rect 0.832 0.784 | 0.754 | 0.724 | 0.710 | 0.706
rectangular diagram according to STR 2.05.05:2005 [1] coefficients by (13) and (14)
7sTR 0.90 0.875 | 0.850 | 0.800 | 0.750 | 0.700
Astr | 0.807 | 0.786 | 0.765 | 0.743 | 0.717 | 0.690 | 0.663 | 0.637 | 0.610 | 0.583 | 0.560 | 0.536 | 0.492 | 0.449 | 0.408
rectangular diagram according to EC2 coefficients by (11) and (12)
) 1 0.975 | 0.950 | 0.900 | 0.850 | 0.800
Aec2 0.800 0.788 | 0.775 | 0.750 | 0.725 | 0.700
0.54.=0.394 # 0.5Apqaprec: =0.706/2 = 0.353, and #A =
a a =0.744 # Npwrap-rectparabre = 0.826:0.706 = 0.5683. In
Jea=""Ta :Ef“" -when f, <50MPa methods [1(1)7,13 11] forp the substitution of rectangular stress
0; a (15) diagram for parabola-rectangle stress diagram just the co-
Ja=—1, & when f, >50MPa efficients calculated according to Egs. (16) - (19) are used.

7 T Ls)(1= 1, /500)

where a is coefficient depending on the stress diagram in
concrete compression zone. For rectangular stress diagram
o= 0.9, for nonlinear stress diagram « = 1.0. However, in
our analysis coefficient « is the same as the coefficient # in
Egs. (3) and (4). Therefore in calculations of f,; according
to formulae (15) o = 1.0 will be taken. Coefficients # and 4
calculated according to formulae (5) - (15) when a =0.85
are given in Table.

Wide known are formulae proposed by H. Riisch
[15] for the determination of coefficients #1 and 0.54

nl=a,=¢,(6-¢,)/12, whene,, <2% (16)
-2
n&:ast‘;”‘ ,when(2<¢,,<3.5)% (17)
gfu
8—¢,
0.54=k, =2 whene,, <2% (18)
4(6-¢.,)
052k =alB8u=D*2 o0 <35%  (19)

28(311 (384‘u _2)

here &, is in %.

Performed analysis revealed that coefficients 74
and 0.5 calculated using Egs. (16) - (19) correspond to the
products npamb-rectiparab-r'ect and 0'5/1pamb-rect of coefficients n
and /A for parabola- rectangle stress diagram within the in-
terval of (8 <[, <50) MPa, i.e. when e,= ¢,y = 3.5-10°.
In the case of higher concrete classes coefficients #4 and
0.54 calculated using Egs. (16) - (19) do not correspond
with the products #,ap-recitparab-rect A0d 0.5A,414p-rec: OF coef-
ficients for parabola-rectangle stress diagram. For exam-
ple, when (8 < /. < 50) MPa 54 and 0.54 values calculated
using Egs. (17) and (19) correspond with the values of
”parab-recl/ﬁ{pamb-rect and O-Slparab-rects ’7/1 =0.973-0.832= 0819
0.54=0.416=0.832/2 (Table). However, in the case of
high concrete classes, e.g. when f; =90 MPa:

According to [3] when (8 <f;<50)MPa
A=10.95, 7 =0.8. One can see that coefficients for the same
stress diagram differ not only in regulatory literature but in
other methods of analysis as well.

3. Analysis of coefficients for rectangular stress
diagram

Coefficients for rectangular stress diagram pre-
sented in previous chapter are obtained analytically. How-
ever, coefficients for rectangular stress diagram in ACI 318
[4, 16] are obtained experimentally by means of eccentric
compression of columns in such a way that one face of the
column always remains un-deformed (Fig. 2).

In many publications, e.g. [16 - 19], experimen-
tally determined products of coefficients k k; and relative
coordinates &, of compression zone resultant are calculated
using such formulae [17, 19]

ksk, =(F, +F2)/(fcbx) (20)
= _M 1)
(F+F)x

here k| =f.,/omax 1s the ratio of average stress to the maxi-
mum stress, k> = 0.5x.4/x is the ratio of resultant coordinate
to compression zone depth, k; = 0,,,/f. is the ratio of the
maximum stress to cylindrical strength [16, 17]. It can be
seen from (20) that k&3 = f,,/f.. If according to ACI 318 it
is taken that the area of rectangular stress diagram in com-
pression zone is equal to ksf. then the depth of rectangular
stress diagram is equal to kyx. It indicates that coefficient ;
is not a ratio between the depths of nonlinear and of rec-
tangular equivalent to it stress diagrams, i.e. kj # X5/x
when x.;= 2kx. However, in [16] it is just treated that
ki = xgp/x when x.=2kyx. In reference [20] coefficient k;
is treated otherwise, as the ratio between areas of nonlinear
and rectangular stress diagrams when rectangular stress
diagram depth is equal to the depth of nonlinear stress dia-



gram. According to this consideration the coefficient cor-
responds with the product of coefficients # and 4, i.e.
ki =nA (Fig. 1, d).
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Fig. 2 Column under eccentric compression for the deter-
mination of coefficients for rectangular stress dia-
gram — a; concrete stress diagram in cross-section of
the column — b

We will prove that k; # x.4/x when x.5= 2kx. For
the sake of briefness we will introduce notation
F,,;= Fi+F,. From (20) we obtain

k, :sz/(ksfcbx) (22)
If according to [16] x.;=2kx and k; = x,;/x then

k1 = 2k, and taking in to account (22) and k; = 2k, equation
(21) can be written in such form

1 F;ot — Eal +P‘2a2 (23)
2k, f.bx (F+F,)x

Or after rearrangement, in such form
1 P;otz =F,, Eal +F‘2a2 (24)
2k, f.bx X

Let us examine separate member F, /(k,f.bx) .

Since Foo/(bx) = 0 and fo = Onarlks then
F2 [(k,f.bx)=F,, Then equation (24) becomes such
0.5F,, =F,,~(Fa,+ Fa,)/x (25)

Rearrangement of (25) gives 0.5F,,x = (Fia;—
—F>a,). Since a;= 0.5x and F,,;, = F+F, then (25) after rear-
rangement and collecting of terms may be written in the
form of Fha, = 0.5F,x either a, = 0.5x or a, = a;. It shows
that (23) is correct only when a; = a;, i.e. both forces are
applied in the center of column cross-section. Naturally it
is not correct. Then the statement that k; = x./x when
Xey=2kyx as it is considered in [16] is not correct. Thus
ki # xop/x, when x.;=2kx. Actually kix <xp=Ax =2kx
(Fig. 2). An important conclusion can be made here that
coefficients k3k; and k, calculated using Egs. (20) and (21)
do not provide equivalent replacement of the diagrams. We
shall stress that the rectangular diagram is equivalent to the
nonlinear diagram only when the area or resultant of the

rectangular stress diagram is equal to the area or resultant
of the nonlinear stress diagram and coordinates of gravity
centers of these diagrams are equal. It should be stressed
that coefficients for rectangular diagrams are calculated
according to Egs. (20) and (21) in many references [16, 19,
21]. Coefficients for rectangular stress diagram are being
determined for compression zone of high strength con-
crete, fiber concrete beams. Nevertheless we will stress
once more that k;f, wide and k,x deep rectangular stress
diagram is not equivalent to nonlinear stress diagram ac-
cording to the definition of equivalency of the diagrams
presented in this article. Although ACI 318 and other ref-
erences [4, 16, 17, 19, 21] consider that rectangular stress
diagram mentioned above is equivalent. Actual physical
resultant of such rectangular stress diagram does not coin-
cide with actual resultant of nonlinear stress diagram.

We will show how it is possible to calculate coef-
ficients for equivalent rectangular stress diagram when
values of coefficients kik3;, k3 and k, =A/2 presented in
many publications are given. Let the maximum stress in
nonlinear stress diagram is o,,,, =f.k;. Then resultant of
compression zone

F.=F,=F+F,=k;f.kxb (26)

Resultant of equivalent rectangular stress diagram

is such
F.=F, =F+F,=kyf.Axb @7

Comparison of (26) and (27) after collecting of

terms gives

n=k /A (28)
Since A = 2k, [8, 9] then (28) will take the form

K _ Kk
2k, 2kyk,

k,
n 2 (29)

Theoretically calculated coefficients for stress
diagrams are given in Table and experimentally deter-
mined coefficients for rectangular stress diagram according
to [16, 17, 19] are shown in Fig. 3. Line 3 in Fig. 3, a is
drawn using Eq. (29) when coefficients k; and &, are calcu-
lated according the following formulae given in [17]

k,=0.94-5.578107 1, (30)
k,=0.5-1.813-10" 1, (31)

where f., is the average strength of concrete
(7 <fim < 55) MPa. Line 3 shown in Fig. 3, a is drawn ac-
cording to (31).

In Fig. 3, a circles and rhombs (o and ¢) indicate
coefficients # calculated using formula (29) when k,, kik;
and k3 are taken from [16, 19]. In Fig. 3, b the values of
coefficients k, or 4/2 taken from [16, 19] are denoted by
circles and rhombs (o and Q) respectively. In these publica-
tions coefficients k, k1k; and k; are calculated according to
formulae (20) and (21), test diagram is shown in Fig. 2. It
should be stressed that the nonlinear denoted in this figure
by ACI 318 is empirical one [4, 16]



& =1],¢,=0.85

Li=~4,,=0.85, if f, <27.6MPa

if £,>27.6 MPa

B =2,,=0.85-0.05/6.9(f,, —27.6)>0.65

(32)

We shall stress that according to ACI 318 #,¢; and
Aqcr are denoted by symbols of a; and f;.
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Fig. 3 Ratios of rectangular to nonlinear stress diagram
widths — a and ratios between coordinates of gravity
centers of these diagrams — b. / - 3 — empirical de-
pendences obtained according to experimental data,
1, 2 according to [16], 3 according to [17], o and
¢ — experimental data of various authors

It can be seen in Fig. 3, b that within the interval
of (7 <fo < 55) MPa line 3 according to Eq. (31) of [17]
practically corresponds with theoretically calculated
nonlinear A,,/2. In this figure also it can be seen that the
dependence denoted by line 3 may be quite accurately ex-
trapolated towards the side of the higher concrete strength
values. For comparison with (31) linear approximation of
coefficient 4,44 given in [8] is presented: A = 0.987-3.1-10°
’f, then A/2 = 0.493-1.55-107f,. It is seen that the said de-
pendences differ not much.

Fig. 3, a shows that the difference between em-
pirically determined and theoretically calculated values of
coefficient # is quite substantial. Coefficient 7,4, in-
creases with the growth of concrete class from 16 to
75 MPa while other coefficients do not change or decrease.
Coefficient 7,,.,, differs quite greatly from dependence
denoted by line 3.

Fig. 3 shows that concrete compression zone co-
efficients # and //2 vary in general within quite wide limits
for the same strength of the concrete. In reference [19] on
the basis of experimental data it is stated that coefficients #
and 1 are influenced by the scale factor. Therefore it is
complicated to give unambiguous answer to the question
what accurate values of coefficients # and 4 should be. It is
clearly seen in the Fig. 3 that values of coefficient Agrz/2
are the least ones. When f.,, = 90 MPa, Agrz/2 = 0.204, and
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it is much less in comparison with other coefficients.

We shall demonstrate that such small values of
coefficient Ag7z for equivalent stress diagram are impossi-
ble when hypothesis of plane sections is valid. It is known
that in the case of high strength concrete stress diagram of
compression zone is close to triangle. For the limit case it
can be assumed that the stress diagram of compression
zone concrete is triangle. Gravity center coordinate for
such diagram is equal to 1/3x, here x is the depth of trian-
gular stress diagram. Gravity center coordinate for equiva-
lent diagram has to coincide with the gravity center coor-
dinate of triangular stress diagram and the areas of these
diagrams have to be equal as well. Then the depth of
equivalent rectangular diagram is x.;=2/3x. Hence ratio
Awiang DEtween depths of triangular and of equivalent to it
rectangular stress diagrams is obtained

Arriang :xe_[f/x:2/3z0.667 33)
Equality of equivalent diagrams is as follows
1/2ﬁx=2/3fe'7triangx (34)

Hence it is found that the ratio of widths of the diagrams
Huriang 18 such

=3/4=0.75 (35)

nlriang
Thus it is obvious that the limit values of ratios
for widths and depths of the diagrams are 0.75 and 0.667,
and in all cases the product of these ratios cannot be less
than 0.75-0.667 = 0.5. However #sz<0.75 when
for> 80 MPa, while Agrz <0.667 when f;>35MPa and
Astr 18 substantially less than 0.667 in the case of high con-
crete classes (Table). According to ACI318 also
min(Aqcr) = 0.65 < 0.667. The smallest value of 7 according
to Canadian code [22] is 0.67, it is less than the limit value
Nwiang = 0.75 as well. Some in ACI 318 denoted values of
coefficients a; and f; or 2k, experimentally determined
and theoretically defined and corresponding coefficients #
and 4 [19, 23, 24] are less than the values of (33) and (35)
respectively
Carrying capacity of reinforced concrete member
depends on limit depth of compression zone when failure
of flexural member takes place due to crushing of concrete
and simultaneous reaching the yield stress limit in rein-
forcement. Therefore, hereafter we are going to compare
limit values of compression zone depths determined on the
basis of the hypothesis of plane sections and according to
formulae presented in STR [1].

4. Analysis of compression zone limit

In cross-section the limit state calculations of
flexural, eccentrically compressed and tensioned members
according to EC2 and STR [1] limit values of concrete
compression strains &, or &.; are applied corresponding
to whether the parabola-rectangle diagram of o.-¢. or bi-
linear diagram of o.-¢. is used. Deformation of tensile rein-
forcement is applied equal to ¢,, which corresponds to the
highest stress in reinforcement. When accurate value of ¢,4
is not known EC2 recommends to take ¢,,= 0.02. How-
ever, when this value of ¢,,1s used the limit value of rela-



tive compression zone depth does not exceed 0.15. It is
very small value. Therefore in many methods, e.g. [7, 10,
25, 26], for the case of nonprestrressed tensile reinforce-
ment the limit value of compression zone depth is calcu-
lated taking deformations corresponding to the yield limit
of reinforcement &,=f,4/E,. Here f,, and E, are design
strength and elasticity modulus of tensile reinforcement.
On the basis of assumption used in EC2 that hypothesis of
plane section is valid the limit value of relative compres-
sion zone depth &, is calculated in this way [7, 10, 25, 26]

£ B 1 _ 1
e 1+g_vd /gcu 1+j(yd /(Esgcu)

(36)

here élim,ECZ € {é/im,paraba 5lim,parab-rect}a Ecu iS concrete in com-
pression ultimate (limit) strain e., €{eu,Eu2}> Ecu = Ecul
when parabola diagram with descending branch is used,
& = €2 When parabola-rectangle diagram is used, ¢, is
strain of tensile reinforcement at yield stress or strain at
conventional yield stress, f;, is design strength of tensile
reinforcement

Sra=fu/1.1

It should be remarked that the hypothesis of plane
section for the section through the crack is not entirely
correct since reinforcement in concrete slips under the ac-
tion of great internal force. Therefore when yield stress is
reached average reinforcement strain at the crack is greater
than f,/E,. Here f, is tensile reinforcement strength. Other-
wise the hypothesis of plane sections is not entirely correct
and due to the fact that in compression zone of the section
through the crack warping of the cross-section takes place.
This warping greatly depends on the bond between rein-
forcement and concrete [27]. The poorer the reinforcement
bond the greater warping of the cross-section. It is known
that the reinforcement bond depends on concrete shear
strength, reinforcement diameter, stress in reinforcement at
failure and other factors. Therefore actual relative concrete
compression zone depth is smaller in comparison with the
calculated using formula (36).

According to STR [1] limit value of relative com-
pression zone depth &;, . for rectangular stress diagram is
determined by

(37

(3%)

6(: _ ﬂ'STR
lim,eff ,STR —
1 + s,lim

O-(l_/ISTRj
O s lim 1.1
here oy, is reinforcement stress with allowance for rein-
forcement yield limit, oy, is limit stress in compression
reinforcement. For reinforced concrete (without prestress)
when £, <400 MPa, o= f1a is taken; when
Jf> 400 MPa, oy i, = fa + 400 MPa is taken. For structures
from normal weight, small grain lightweight concrete
Ose.sim= 500 MPa. Factor Agrz in formula (38) is determined
according to (14).

Direct comparison of &, and &y es7r is impossi-
ble, since, as it was already mentioned, &, is the depth of
nonlinear stress diagram compression zone, while &, ops7r
the depth of rectangular stress diagram. If the depths of
nonlinear diagram &, parap AN i parav-rec: are multiplied by
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corresponding coefficients #paras a0d Hparab-rect

flim,cﬁ" :lflim,ECZ (39)

here flim,eff e{glim,effparabs élim,efﬁparab-rect}y Qzlim,ECZ e{&lim,parab:
élim,pamb-rest} aCCOfding to (36) and 1 e {lpamb;lpamb-rest} from
Table, then the depths of rectangular stress diagrams
SEimefparab AN Ciim e parab-rece €qUivalent to parabola and pa-
rabola-rectangle stress diagrams are obtained. Then the
values of élim,effSTR and Qzlim,(.{ff;parab and élim,(.{ff;parab-r'eL't can be
compared.

Mentioned above limit depths of compression
zone é:lim,efj‘;pamb: é:lim,efj‘;parab»rect f]im,efﬁSTR determined by for-
mulae (38) and (39) for different values of characteristic
reinforcement strengths, 400, 500, 600 and 800 MPa, are
shown in Fig.4. One can see in Fig.4 that
éﬁlim,efﬁpamb> éclim,efﬂparab-r'ect when .fc"k< 36 MPa and when
ﬁkz 36 MPa éﬁlim,efﬁparab praCtically is equal to glim,efﬁparab-rect-

Formula (36) shows that limit value of relative
compression zone depth depends on ultimate concrete
strain &.,. In design codes EC2 and STR [1] this strain de-
pends only on concrete class and character of o.-¢. dia-
gram. However, theoretically it has been determined [28]
that in the case of short-time load, when a beam is de-
stroyed during 1 hour, and /., = 20.68 MPa, for tee cross-
section members &, =~ 0.22%, for rectangular cross-section
members (0.3 <e.,,<0.35)%, for triangular cross-section
members (0.38 <¢g,<0.48)%. Value of ¢, may vary
within wide limits depending on load action duration. Ac-
cording to [29] compressive concrete ultimate strain for
long term loading is about 2 - 3 times greater in compari-
son with that for the short term loading. According to [7]
&q, varies within the limits of (0.42 <¢.,<0.56)% depend-
ing on relative air moisture for the case of long term load-
ing. In general the value of ¢, can vary from 0.18 to 1%
[4, 15, 16, 18, 28, 30]. Thus actuall compression zone
depth varies within quite wide limits. Strain values pre-
sented by codes for diagrams of parabola with descending
branch, parabola-rectangle and bi-linear diagrams are con-
ditional. All earlier mentioned factors affect load carrying
capacities of structures determined by tests. Therefore
comparison of experimental data with theoretical results is
possible only in the case when conditions of tests comply
with the conditions of validity for diagram o,—¢.. When
Jo =90 MPa the ratio of i epparan/Simegstr  varies from
1.5 to 1.8 depending on f. Such great difference between
é]im,ejﬁparab and é:lim,ef],'STR also é:lim,efj‘;parah-rect and 51i1n,ej],'STR
emerges due to very small values of Agrz for higher con-
crete classes. Therefore it is possible to conclude that for
higher concrete classes greater values of &, 57z Would be
applied. When Agrz = 0.667 is taken then the smallest val-
ues of &y epsrr should be equal to 0.518, 0.491, 0.467,
0.444 for f, € {400, 500, 600, 800} MPa. Also it should
be noted that the difference between C&jyepsre and
Ciimefiparab-rect ANA Clim ofiparar  €Merges and due to the fact
that the value of &, =2.5-10" is taken in formula (38)
which is substantially less than the values of &, specified
in EC2. It should be stressed that calculation method of
limit value of relative compression zone depth according to
STR is analogous to that of SNiP [31]. But according to
SNiP [31] the maximal value of characteristic compressive
cube strength of concrete is 60 MPa.



0.70
0.60 o=
0.50
0.40
0.30
0.20

- g.l’a'm.:_f,l‘.ﬂumh

/=400 MPa |

s Slim,eff,STR
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‘.:lfim_('tf.;:urm’;

/=500 MPa

- L;:h'm eff.STR

= Clim,eff,parab-rect

0.70
0.60
0.50
0.40
0.30 |
0.20 |

/=800 MPa

Clim,eff.parab

Clim,eff.STR

5. Conclusions

1.1t was determined that for high strength con-
crete some values of coefficients for rectangular stress dia-
gram according to STR 2.05.05:2005 and these given ac-
cording to other methods determined experimentally and
defined theoretically are less than the maximum coeffi-
cient values obtained according hypotheses of plane sec-
tion and of full bond between reinforcement and concrete.

2.1t was determined that the ratio between depths
of rectangular and nonlinear diagrams experimentally ob-
tained is very close to theoretically obtained ratio between
the depths of equivalent rectangular and nonlinear with
descending branch stress diagrams according to EC2.
However experimentally determined ratios between widths
of the said diagrams differ substantially from the ratio be-
tween widths of theoretically determined equivalent rec-
tangular and nonlinear stress diagrams according to EC2.

3.1t was determined that limit depths of concrete
compression zone depths calculated according to the
method of STR 2.05.05:2005 and these according to hy-
pothesis of plane sections taking ultimate concrete strain
and reinforcement yield strain or conventional yield strain
in general differ quite substantially.
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D. Zabulionis, E. Dulinskas

LENKIAMU GELZBETONINIU ELEMENTU
NORMALINIY PJOVIU GNIUZDOMOSIOS ZONOS
PARAMETRU PAGAL EC2 IR STR 2.05.05:2005
ANALIZE

Reziumé

Straipsnyje analizuojami lenkiamy gelZzbetoniniy
elementy normalinio pjiivio sta¢iakampés jtempiy diagra-

19

mos koeficientai pagal skirtingas normas ir metodikas. Sie
koeficientai palyginti su eksperimentiniais kity autoriy
duomenimis. Nustatyta, kad staciakampés itempiy diagra-
mos kai kuriy koeficienty teorinés ir eksperimentinés reiks-
més esant aukStoms betono klaséms yra mazesnés uz ma-
ziausias galimas reikSmes, gautas imant trikampg jtempiy
diagrama. Taip pat buvo analizuotas ribinis gniuzdomos
zonos aukstis pagal STR 2.05.05:2005 ir galiojant ploks-
¢iyjy pjuviy hipotezei. Nustatyta, kad Siy diagramy aukstis
skiriasi gana zZymiai.

D. Zabulionis, E. Dulinskas

ANALYSIS OF COMPRESSION ZONE PARAMETERS
OF CROSS-SECTION IN FLEXURAL REINFORCED
CONCRETE MEMBERS ACCORDING TO EC2 AND
STR 2.05.05:2005

Summary

Coefficients for rectangular stress diagram used in
various regulations and methods are analyzed. These coef-
ficients are compared with experimental data presented by
other authors. It was revealed that theoretical and experi-
mental values of some coefficients for rectangular stress
diagram when concrete classes are high are less than pos-
sible minimum values obtained using triangular stress dia-
gram. The limit compression zone depth value according to
STR 2.05.05:2005 and according to hypothesis of plane
sections was analyzed as well. It was determined that the
depth of these diagrams differs quite substantially.

J1. 3abynénuc, E. lynmuackac

AHAJIN3 ITAPAMETPOB C)KATOM 30HbI BETOHA
HOPMAJIBHBIX CEYEHUU XEJIE3OBETOHHBIX
EJIEMEHTOB COI'JTACHO EC2 1 STR 2.05.05:2005

Pe3zmomMme

B cratpe amammsupyroTcs Kod((GUIMEHTH ps-
MOYTOJIBHOW JHarpaMMbl HalpsHKEHUH HOPMaJIBHBIX cede-
HUM W3rHO0AaEMbIX KEIE300€TOHHBIX 3JIEMEHTOB COTJIACHO
pa3NUuHBIM HOpPMaM U METOJUKaM. AHaJIU3UPYIOTCS KO-
3 dUINEHTH NPAMOYTOJIbHON AHarpaMMbl HampsKEHHH,
MIPEACTABICHHBIC B PA3JIMYHBIX HOPMaX U METOAUKAX. DTH
K03()(DUIMEHTBI CpPaBHEHBI C ONBITHBIMH KO3((HUIMEeHTa-
MM, TTOJY4E€HHBIMU JPYTHMMH aBTOpaMu. Y CTAHOBJICHO, YTO
HEKOTOpbIE 3HaueHHsT KOI(P(HUIMEHTOB C)KaTOM 30HBI Oe-
TOHA IPH BBICOKUX €ro KJlaccaX MEHBIIE YeM MHHUMAlb-
HBIC, YCTAHOBJICHHBIE IIPUHUMAs TPEYTOJIBHYIO THarpaMmy
HanpspkeHud. Takke aHamuM3upyeTcs IpaHW4Has BbICOTA
okaroir 30HBI OetoHa cormacHO STR 2.05.05:2005 mpm
TUIIOTE3€ MIOCKUX CEYEHUN. Y CTAHOBJIEHO, YTO TPAHUYHAS
BBICOTA 3THX JIarpaMM pa3jinvacTcsi 3HAYUTENBHO.

Received February 07, 2008



DOI: 10.5755/j02.mech.15090



