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Abstract —This research project focuses on a comparative study between three codes, the American code
ACI 318-08, European standards EUROCODE 2 and the Algerian code CBA.93. In this comparative study,
we analyze the different parameters affected the shear of steel bars reinforced concrete structures
highlighting the concordance points between the three codes considered and the difference in their approach
respectively. The comparative study investigates the following points such as concrete and steel properties,
load combinations, and design approaches of the shear resistance of reinforced concrete. The results
obtained permit to conclude with proposed suggestions as a contribution for an eventual revision of the

Algerian code CBA.
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I.INTRODUCTION

The first reinforced concrete structure was designed
in 1855 by Joseph Lambot. Since then, this material
has spread strongly in the field of construction [1].
Reinforced concrete is a complex material,
constituted from two materials: concrete and steel,
arranged in the manner to give economical and
resistance structure [2].

We call concrete: the mixture in suitable
proportions of aggregates (sand, gravel, etc.),
hydraulic binder (cement), water. Reinforced
concrete is the material obtained by adding steel
bars to the concrete. These steel bars are usually
called reinforcements. In the combination of
concrete and steel, concrete resists compressive
forces and steel resists tensile forces and possibly
compressive forces if the concrete is not sufficient
to take all the compressive forces that exist [3]. A
construction will be called reinforced concrete if
both materials participate in the strength of the
whole [4]. This study consists to analyze the shear
behavior of reinforced concrete elements according
to the American Concrete Institute code ACI, the
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European standards EUROCODE, and the Algerian
concrete code CBA93. This comparative study
permits to highlight the concordances and
differences between these three codes in terms of
design approaches of the shear resistance of
reinforced concrete sections. The results of this
comparison will constitute a database for a possible
revision of the Algerian concrete code CBA 93.
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I1. Comparison of shear strength approaches of
sections according to ACI, EUROCODE and
CBA

11.1 Physical and mechanical properties

A) Concrete

Table 1: Comparison of physical and mechanical properties
of concrete

According to ACI Code According to

EUROCODE

According to CBA Code

The code indicated no
value.

Density 2155/2555Kg/m® 2500Kg/m®

The code indicated no 10x10°/°C 10x10°/°C

value.

Coefficient
of thermal
expansion

For: f,' < 35 MPa _ J i
fei = 376+ 083 T

Max:  f,'= f'+ fem@®) = Bec(®)- fom
134, fozs < 40MPa
Characteristic fi=f!+2335,-35 For S = 025 (Resistance
Compressive For: f.' > 35MPa class Cement CEM j )
Resistance 32.5R, CEM 42,5 N) fej = 140+ 0,95 Jezs Uf fean
Max: fi= fi+ >4DMPa
13as, Bec (Article A.2.1.1.1, CBA 93)
=exp{0,25[1
fh=09f +233S,
i
28\2
For: f¢' > 35 MPa and - (T) ]
anumber of trials S; Less

than15: f,' = L,1f.' +
5

(article 3.1.2, (1)
Page 26 EN 1992-1-

1:2004)
ch . fio = 67f (enPsi) Sem(®) = Bec(t) feem fiy = 0,6+006f;
aracterist ~ g =1 Fort<28 Just for £, < 60MPa.
r fie = 0,56/f; (enMPa) .
resistance =2/3 Fort>28 "
traction For normal I concret te. ‘/’M = epends on t (Annex 1) Article A.2.1.1.2, CBA93
E, = y'5.43,f" 107 Ecn() = (em(O)/fom)** Eem Eyy = 11000 (f)'"*

Example : Normal Density Concrete :
f.y = 25MPa
E. = 32164,2 MPa
(Article A.2.1.2.1, CBA 93)
lus ¥, = 2500Kg/m3
f! = 25MPa
E. = 23650 MPa

(article 8.5.1; Page
318-107 ACI 318M-

08)

E, = 31000MPa

& =2.10"
& =3.107
& =4.107
climate).

& =5.10"

(Humid climate)
(Mild climate)
(Hot and dry

= €t
£ca(t) = Pas(t) - £ca()
£ (t,ts).Kh.
Shrinkage .
Bus(t) =1 — exp(—0.2 £°%)

The ACI code @
Bus(tits) = [+ 0.04/hy"]

(Very dry climate)

eelo0,ty) = (0,80 (%) By =} =3700 Y7
g, > 045 f..(t)

t, : the age of the concrete at the
time of chargement.

E. =1,05E,,

Eeorate = &y t &

fe = 5L (14 0F(0)

1°-Density: the EUROCODE (Article 11.1.1, (4)
EN1992-1-1:2004) does not indicate any value, but
the ACI code (Article R2.2 ACI 318-08) gives an
interval that limits the density with a small
difference from that given by the CBA code (Article
A.3.1.2.1, CBA93) as indicated in Table 1.

2°-Coefficient of thermal expansion: the ACI
code does not indicate any value while the
EUROCODE (Article 3.1.3, (5) EN1992-1-1:2004)
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and CBA code (Article A.3.1.3.3, CBA93) indicate
the same value of 10x10°%/°C, as shown in Table 1.

3°- Compressive strength: This resistance has
almost different empirical expressions for the three
codes (Table 1). The calculation is based on the
number of tests according to ACI code (article
5.3.3.2 ACI 318-08). EUROCODE (article 3.1.2,
(1) EN1992-1- 1:2004) requires a formula based on
the cement strength class used; however, the CBA
(Article A.2.1.1.1, CBA 93) recommends two
formulas determining the strength as a function of
the concrete age and the value of the compressive
strength f,g.

4°-Tensile strength: Note that both the ACI
(Article 8.6; R8 ACI 318-08) and CBA (Article
A.2.1.1.2, CBA93) codes present empirical
formulas, for the calculation of the tensile strength
of concrete, depending on the compressive strength
of concrete. Although the EUROCODE (Article
3.1.8 EN1992-1-1:2004) requires a formula which
depends on the compressive strength of concrete
and the cement strength class used.

5°-Longitudinal deformation modulus: From the
empirical formulas proposed by the three codes as
shown in Table 1, it can be seen that they are based
on the compressive strength value. Although, the
modulus of elasticity according to the ACI code
depends on the concrete density, thus it can be seen
that the elasticity modulus value of the
EUROCODE and CBA is higher than that obtained
from the ACI code.

6°- Long term deformations

a-Shrinkage: For shortening coefficients, it is
difficult to compare them because these coefficients
have different terms (see Table 1). Nevertheless, we
try to compare them between EUROCODE and
CBA code because the ACI code (Article 9.2.3 ACI
318-08) does not give any value. The EUROCODE
(Article 3.1.4,(2) EN1992-1-1:2004) suggests a
relationship depending on factors that are a function
of time, and relative humidity. However, the CBA
code proposes values depending of the region
climate in Algeria.



b-Creep: The ACI code does not indicate any creep
value, while the two codes EUROCODE and CBA
require creep expressions that are based on the same
theoretical basis depending on the concrete
elasticity modulus, the concrete compressive
strength as well as the time as shown in Table 1.
Except that the EUROCODE adopts a relationship
depends on stress applied to concrete, the concrete
strength class, and the creep coefficient which
depends on the time and the environmental
conditions.

7°-Poisson’s ratio: From Table 1, it can be seen that
the concrete Poisson’s ratio values recommended by
the EUROCODE (Article 3.1.3, (4) EN1992-1-
1:2004) and the CBA code (Article A.2.1.3 CBA
93) are similar. However, it seems that the ACI code
does not give any value.

11.2. Actual stress-strain diagram

Table 2: Comparison of actual stress-strain diagram of
concrete.

According to ACI According to

EUROCODE

tan & =Een |

[24

2408 3.10% —

According to the CBA code

The code does not indicate any actual concrete stress-
deformation diagram.

About actual concrete stress-strain diagram, the
CBA code does not indicate any diagram.

Nevertheless, for those recommended by the ACI
code (Article R10.2.6 ACI 318-08) and
EUROCODE (EN 1992-1-1:2004), we can noted
that they exhibit the same appearance shape which
reflects the non-linear concrete behavior as shown
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in Table 2. According to the ACI code, the
deformation corresponding to the maximum stress
that can be supported by the compressed concrete,
is equal to 2.1073 for most concretes. While, the
EUROCODE relates the deformation g
corresponding to the maximum stress to the
concrete strength class [5].

B) Steel
Table 3: Comparison of physical and mechanical properties
of steel
According According to According to the CBA code
to ACI Code EUROCODE
Grade
40 High Adhesion :
(fy (HA) E,E400 (f, =
= 276MPa) 400MPa), F,E500 (f, =
Grade SOOMPa).
50 Smooth Round : (RL)
G f HsMpa) FE235( )
v Yk 215MPa), F,E235(f,235MPa
= 345MPa) | 24003 600 MPa
Grade (Article 3.2.2, (3),
60 Page 36 EN 1992-1-
5 1:2004)
= 414MPa)
< Grade
® 75
[=]
> &
& | = 517MPa)
Grade
80
%
= 552MPa)
Grade
100
%
= 690MPa)
Grade
120
*
= 827MPa)
Density The Code Ya The Code does not indicate any value
does not = 7850 Kg/m?
indicate any
value
coefficient
of thermal The three codes do not indicate any value
expansion
modulus Es =2.10°MPa
of
elasticity
Poisson’s
ratio The three codes do not indicate any value

1°- Steel type: From Table 3, the both EUROCODE
(Article 3.2.2,(3) EN1992-1-1:2004) and CBA
code require a classification whose yield limits are
almost similar. However, the ACI code suggests
several classes.



2°-Density: Regarding this properties, the both ACI
and CBA codes do not indicate any value. However,
the EUROCODE suggests a value equal to 7850
kg/m?.

3°-Coefficient of thermal expansion: From Table
3, the three codes do not indicate any value.
4°-Modulus of elasticity: The elasticity modulus
values of steel according to the three codes are
similar as shown in Table 3.

5°-Poisson’s ratio: About this ratio, the three codes
do not specify any value.

Stress-deformation diagram

Table 4: Comparison of stress-deformation diagrams of

steel:
According to According to | According
ACI Code EUROCODE | to CBA
Code

PN

e

U Es £

-Based on the two simplified stress- deformation
diagrams of steel suggested by the ACI code
(article R10.2.4 ACI 318-08) and the CBA code
(Article A.2.2.2, CBA93) as shown in Table 4, it
can be observed that the two diagrams exhibit the
same appearance shape. Except for EUROCODE
(Article3.2.4,(2)  EN1992-1-1:2004),
suggests two diagrams, one for Hot Profile and the

which
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second for Cold Profile. The CBA code limits the

steel elongation to 10%o.
11.3 Permissible stresses
A) Concrete

Table 5: Comparison of permissible concrete stresses

According to EUROCODE According to CBA Code

According to
ACI Code

0.85f.’

ULS : fed = g fer/ve | ULS : fbu=0.85f.,5/6y,

SLS 0,= 0.6 fc28 SLS 0}, =0.6 fc28

From Table 5, it is noted that the checking of
stresses in concrete according to the ACI code is
done without specifying the nature of the limit state.
However, the EUROCODE and the CBA code
check the concrete compressive stresses in ultimate
limit states (ULS) and service limit states (SLS).

B) Steel
Table 6: Comparison of Steel Allowable Stresses

lAccording to ACI code{According to EUROCODE [According to CBA Code

The code does not
indicate any value
(page 4,
ITN331_ACI_floor_design
| 040509).

a,= 0.8 fy, cracking no limiy ULS: st = fe hs

SLS:
- Minimal harmful cracking
(MHC)

- Harmful cracking (HC):
[O5¢=min(2/3 f,,; 110("ftj )1/2)
(article A.4.5.3.3., CBA93)

IVery Harmful cracking

(VHC):

lo5¢=min (0,5 f,; 90 (ftj )1/2)

1.4 Load Combinations

From Table 7 and 8, it can be seen that combinations
of actions are based on the same theoretical
foundation according to the three codes studied.
These combinations are versus dead, live and
accidental (seismic) loads, temperature, snow, wind,
and other loads. However, the load factors of dead
and live loads at ULS in the EUROCODE and CBA
codes are similar and different than those of the ACI
code. In general, the latter underestimates the dead



load factor and overestimates that of live loads

compared to the EUROCODE and CBA code.

Table 7: Comparison of load combinations at ultimate limit

states (ULS)

According to ACI Article C9.2( Page 318-
403 ACI 318-08)

According to L’Eurocode2

armé selon L’Eurocode2")

Avrticle 2.3( Page 8; YANNICK.SIEFFERT "Le Béton

v Combinations taking into account the
pressure action

v of a liquid and the imposed
deformations:

U =14 (D+F)

U= 1.2 (D+F+T) + 1.6(L+H) + 0.5 (S ou L ou R)

v Accidental Combinations :
U=1.2D+1.6(SouLouR)+y,.L

U=1.2D +1.6(S ou L ou R) + 0.8W
U=1.2D+0.5(SouLouR) +y,.L+By.W
U=0.9D + By.W + 1.6H

U=0.9D + By W

U=12D+0.2S+y,.L+a;.E

U=0.9D +ag.E+1.6H

U=0.9D +ag.E

I'article C9.2( Page 318-403 ACI 318-08)
With:

Y. = 1in the case of car parks in a public square
and the surfaces or L > 490Kg/m?.

Y. = 0.5in other cases.

Bw = 1.6 If W is reduced by a direction factor, if
not By, =1.3.

ap = 1.41f Eis based on the service level of the
seismic force, if not ay = 1.

v Example of permanent load combination
G=30KN/ml,

v and operating Q = 10KN/ml of an

v isostatic girder: 1,2G +1,6Q = (1,2 x 30) +

(1,6 x 10) = 52 KN/ml.

v Fundamental Combinations :
X Yejsup -Grjsup + LV6jinf -Grjims + Vo1-Qra+
2 ¥es-Poi Qi

With :

Gy sup and Gy s are permanent actions of different
origin.

Values of y; and ¥ are summarized .

v Accidental Combinations :

LGy + Ag+ Wr1(0uz).Qpa+ T Qxa
Wy et Wy,

With :

A, :rep ive value of the acci action.

G =30KN/ml, and operating Q = 10KN/ml of an isostatic
beam:

1,35G +1,5Q = (1,35 x 30) + (1,5 x 10) = 55,5KN/ml.

¥, set ¥, ; Depends on the project accidental situation.

According To CBA Code  Article A.3.3.2.2, CBA93

v Accidental Combinations:

v Accidental Combinations:

1,35 Gax + Gin + Vo1 Q1 + L1,3 Wo,Q;

1,35 Gpax + Gmin + V01 Q1 + £1,3 W5,Q:

Table 8: Comparison of load combinations at service limit

states (SLS)

08)

|According to ACI code Article C9.3( Page 318-403 ACI 318-

lAccording to EUROCODE

of a liquid and Imposed deformations:

U=D+F
U=D+H+F+L+T
U=D+H+F+(SouLrouR)
U=D+H+F+0.75(L +T)+0.75(S
ou Lrou R)

v Accidental combinations:
U=D+H +F+(Wou0.7E)
U=D+H+F+0,75(W +0.7E) +
0.75L+ 0.75(S ou Lrou R)

U=06D+W+H

v" Combinations taking into account the pressure action

V' Characteristic combination:

> Gk,j+ Qk,1+ X y0,i.Qki

armé selon L’Eurocode2')

JArticle 2.4(YANNICK.SIEFFERT "Le Bét(

According To CBA Code article A.3.3.3, CBA93

Gmax+ Gmin + Q1+Y W0i.Qi
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1.5 Comparison of shear strengths according to

CBA, EUROCODE, ACI codes
Table 9 compares the shear strength expressions of a

CBA EUROCODE ACl
_W _ Vea _%
Shear stress r= b r= by r= ba

Straight M Ty Veae =

. 1
reinforcem | HC | 0.2 2 smpay | max(Crge K (100 pu s
= entsa = Vb Kp.0p.bod
2 90° HC | my e
g or . fei Vinax =
S < min(0,15 == ; 4MPa ;
H VH (015 017 F7 by, .d+
__lc Vs = 0660% by
3 traight Ty Asy
H . _ =%.2. fywa-coto
z remforcemaentsa = < min(0,27 fei Compa]
_ |5 45 A
g 45" << 90° Linear interpolation
E]
=8
g SiVeg < Vga = SiV, > 0,50V,
» X
P Ao Ys(rus037K). min(Veg,; Vaamar)
= 2 area of shear boSt — 09fe(cosa+sina) Ay _
g |2 reinforcement a Agy T
2 |2 Acfe > 0,4MPa s Bfye d (sina+cosa)
s |z boS: . Vea
5 ;
% S (article A5.1, 23 CBA " Z.fywa (cotf + cota).s| Fora=90°
P 93)
8 (Avrticle 9.2.2; S. Multon Ay _ Tum ®Ve
@ (2012) béton armé S Ofyed
3 Eurocode 2) (Article 11.4.7.1
K4 ! 11.4.7.2 ACI 318-
@ 08)
St < Stmax = SS Smax =
shear reinforcement Min (0,75d ; 60cm) Min (0,5d ; 60cm)
spacing S, (Article 11.4.6.3
<min(0,9d; 40cm) | S, < Sy pax = ACI 318-08)
(article A.5.1, 22 CBA 0,75d(1 + Cot a)
93) (Article 9.2.2; S. Multon
(2012) béton armé,
Eurocode 2)

reinforced concrete cross-section according to the ACI,
EUROCODE and CBA codes.

It should be noted that according to the three codes,
CBA (article A5.1, 1 CBA 93), EUROCODE
(Multon, 2012) and ACI (Article11.2.2 ACI 318 M-
08), the shear stress is based on the same theoretical
foundation which is the shear force applied to the
beam cross-section.

-The shear strength expression according to three
codes is based on the same theoretical basis, i.e., the
ultimate shear force should be less than the sum of
the resistant forces of concrete and steel. Although,
the Eurocode neglects the contribution of the
compressed concrete in the calculation of the shear
reinforcement.

-According to both ACI and CBA codes, the
formulas used to evaluate the shear strength of
concrete are generally based on the concrete
compressive strength and the useful cross-section of
concrete. In addition, the CBA code involves in the
shear strength evaluation two other parameters such
as the type of cracking and the inclination of the
shear reinforcement.

Contrary to the ACI code which gives no direct
indication on the influence of cracking, but it
penalizes the resistant force 1}, by a reduction factor



@=0.75. For the calculation of shear reinforcement,
both CBA and ACI codes involve the concrete
contribution to shear strength. However, the CBA
code limits this contribution by the concrete area
state (concreting recovery or not) and the effort type
by the introduction of the K coefficient.

- According to the three codes, the maximum shear
reinforcements spacing depends on the effective
height (d) of the concrete cross-section.
Nevertheless, the ACI code underestimates the
maximum spacing which is 0.5d compared to that of
the Eurocode and CBA estimated to 0.75d and 0.9d,
respectively.

111 - NUMERICAL APPLICATION

Consider a column having a square cross-section of
500 x 500 mm? dimensions subjected to shear loads
as shown in Figure 1.

—p

3

M|

<
o]
a—t—‘r/
i

-«

Figure 1: Column subjected to shear force

The objective of this numerical application is to
determine the shear reinforcement of this column
according to the three codes CBA, EUROCODE,
ACI.

Table 10: Comparison of column shear numerical results
according to the 3 codes.

CBA EUROCODE ACI
Data f028 = fck = fc’ =
25MPa 25MPa 25MPa
fe = fyk = fy =
400 MPa 400MPa 414 MPa
Longitudinal | Longitudinal | Longitudinal
reinforceme | reinforceme | reinforceme
nts : 12¢ao nts : 120 nts : 1230
Stirrups : ¢1o | Stirrups : 1o | Stirrups : ¢io
Concrete b,.h b,.h b,.h
Cross- =50.50cm? | = 50.50cm? | = 50.50cm?
section
Shear force | Vq=0.2MN | V7, v,
Ve =0.1 MN = 0.2 MN =0.2 MN
A A
= 0.1 MN = 0.1 MN
Shear force v, V, v,
at ULS =135V, = 1.35V, = 1.2V,
+15V, + 1.5V, + 1.6V,
= 435KN = 435KN = 441KN
Shear 15.1cm 20.4cm 13.13 cm
reinforceme
nt spacing
Maximum 40 cm 33.75cm 22.5cm
spacing
Shear stress W _ W _ W
W hd | T bed | VT b, d
=193 MPa | =193 MPa | =196 MPa
Area of 4910 4010 4N°10 =4
shear =314cm? | =3.14cm?® | #3
reinforceme = 2.84 cm?
nt
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Comparison results and discussion:

Table 10 shows that:

- The shear force values calculated at ultimate limit
states (ULS) by both the CBA and EUROCODE are
similar and slightly lower than that obtained by the
ACI code, this low value is due to the dead load
factor value adopted by the CBA code (y;= 1.5)
which is lower than that of the ACI code a; =1.6.

- The spacing of the shear reinforcements according
to the EUROCODE is relatively larger compared to
those of the CBA and ACI codes for the same shear
reinforcement quantity because the EUROCODE
generally adopts a smaller inclination of concrete



shear cracks around 27°, in order to optimize the
shear reinforcement compared to that adopted by the
ACl and CBA codes which is equal to 45°.
However, the CBA code overestimates the
maximum spacing of the shear reinforcements by
18% and 78% compared to those of EUROCODE
and ACI code, respectively. It can be concluded that
the ACI code is much safer for the design of shear
reinforcement of concrete structures, especially for
uncontrolled structures and worksites.

IV -CONCLUSIONS

The objective of this theoretical comparative study
Is to investigate the shear behavior of reinforced
concrete elements according to three codes:
American code ACI 318-08, European standards
EUROCODE 2 and the Algerian code CBA93. This
comparative study allows to draw the following
conclusions:

- The design formulas for the three codes are
generally based on the same theoretical foundation,
and they are generally based on the mechanical
properties of both steel and concrete materials.

- The coefficient of thermal expansion of concrete is
practically the same according to the three codes.

- The compressive and tensile strength of concrete
at d-days according to the three codes are evaluated
by empirical expressions.

- The stress-deformation diagrams of concrete (and
even those of steel) have the same shape.

- The value of the modulus of elasticity of concrete
according to the CBA code is higher than that
obtained by the EUROCODE which is in turn higher
than that of ACI which depends on the density of
concrete. However, values of the modulus of
elasticity of steel according to the three codes are
similar.

- The Poisson’s ratio of concrete is practically the
same for the three codes studied.

- The checking of stresses in concrete according to
the ACI code is done without specifying the nature
of the limit state. However, the EUROCODE and
the CBA code check the concrete compressive
stresses in ultimate limit states (ULS) and service
limit states (SLS).

- To limit harmful cracking in concrete at the service
limit state (SLE), the CBA requires limiting stresses
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in steel by reducing its yield strength value.
However, the ACI and EUROCODE do not give
any direct conditions on stress in steel, but it
controls harmful cracking of concrete by limiting
the crack width by providing, generally, a minimum
percentage of reinforcement in the concrete cross-
section.

- The load combinations according to the three
codes are based on the same theoretical foundation.
These combinations are versus dead, live and
accidental (seismic) loads, temperature, snow, wind,
and other loads. However, load factors of dead and
live loads at ULS in the EUROCODE and CBA
codes are similar and different than those of the ACI
code. The latter, generally, underestimates the dead
load factor and overestimates that of live loads
compared to the EUROCODE and CBA code. The
dead load factors are generally 1.35 for
EUROCODE and CBA code and 1.2 for ACI code,
while those for live loads are 1.5 for EUROCODE
and CBA and 1.6 for ACI code.

- For the calculation of shear reinforcement, both
CBA and ACI codes involve the concrete
contribution to shear strength. However, the CBA
code limits this contribution by the concrete area
state (concreting recovery or not) and the effort

type.

-For the maximum spacing of the transverse
reinforcements, it depends on the effective height of
the concrete cross-section according to the three
codes.

- The ACI code requires that the minimum diameter
of the transverse reinforcement must be 9.5 mm (bar
N°10 (#3)). Whereas, according to the Eurocode
and CBA codes, this minimum diameter can reach
6mm.

-The Eurocode suggests a smaller inclination of the
concrete shear cracks around 27° in order to
optimize the shear reinforcement compared to that
recommended by ACI and CBA codes which is
equal to 45°.

-The CBA overestimates the maximum spacing of
the shear reinforcements by 18% and 78%
compared to those of the Eurocode and ACI code,
respectively.



-The ACI code is much safer for the design of shear
reinforcement of concrete structures, especially for
uncontrolled structures and worksites.

V-RECOMMENDATIONS

The results of the comparative shear study
according to the three codes ACI, EUROCODE and
CBA permit to draw the following
recommendations as a contribution for the revision
of the Algerian reinforced concrete code (CBA):

For a good study of civil engineering
constructions in a safe and economical way, it is
better to have a code that adapts to Algeria country,
with taking into account the variation of climatic
conditions and soil types that are different from one
region to another, inspired from the ACI code.

-The CBA code considers the BAEL code as a
reference for all its articles with the exception of the
shrinkage values depending on the climate of
Algeria. Although, the quality of control of
structures and materials in Algerian worksites is far
from that of the France, which requires establishing
safer formulas inspired from other codes such as the
ACI code for the shear strength formulas.

- Establish formulas determining the tensile strength
and the elasticity modulus of concrete inspired from
those of the ACI code taking into account the
density of concrete.

Establish a formula to design the shear
reinforcements inspired from that of the ACI code
because of its simplicity and to have safer
reinforcements.
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LIST OF SYMBOLS
1) Notations of ACI code :

Ac : Area of a section of concrete.
As : Area of the tensioned steel.

Ag : the concrete surface only and does not include
the void surface

D : Actions due to dead loads.



b : The width of the beam cross-section.

E : Actions due to the earthquake.

Ec : modulus of elasticity of concrete.

Es : Modulus of elasticity of the reinforcement.
F : Variable load due Pressure of a liquid.

fc ' : Specified compressive strength of concrete.
fr : concrete fracture modulus.

fy : Specified yield strength of the reinforcement.
H : Variable load due to thrust of land.

h : height or thickness of beam section

L : Variable operating load.

Lr : Variable load due to the roof.

R : variable rainfall loads.

S : variable snow loads.

W : variable loads due to wind.

jc - density of concrete.

& : Deformation of the reinforcement.

I : coefficient taking into account

concrete.

lightweight

p . unprestressed stretched reinforcement rate, equal
toa As/b.d.

fs : the stress or reinforcement closest to the Face
stretched to the service limit state.

o' : Compressed reinforcement rate, equal to
i’ /bd.
¢ . Effective normal stress.

¢ : Factor that weighs down type of steel and the
value of C and D.

bw: width of the strip, wall thickness or diameter
of the circular cross-section, mm

fct: average resistance to the rupture of light
concrete, MPa,
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le : Useful buckling length (effective)
lu : Free length of the column.

K : coefficient depending on the state of connection
of the ends of the column.

r : radius of turning

la : Tensile development length of a deformed bar,
of a deformed metal wire, a reinforcement of
smooth or deformed welded metal wire or a
prestressed strand in mm.

M1 : Smaller weighted end moment on a compressive limb,
to be considered like positive if the limb is curved in
curvature single and negative if it is curved in duplicate
curvature N - mm.

M2 : weighted final moment on the compression
member.

Nc : Resultant tensile force acting on that part of the
concrete section subjected to constraints of traction
under the combined effect of service loads and
effective prestressing, N.

Po : nominal axial force at zero eccentricity, N.

Pu : weighted axial force; to be taken as positive for
compression and negative for tension, N.

U : Strength required to withstand weighted loads or
at times and forces Related internal.

v, nominal shear stress, in MPa.
Vu : cross-section-weighted shear force, N.

Vs : nominal shear strength provided by shear
reinforcement, N.

o defining the orientation of reinforcement.
¢: force reduction factor.

r : Radius of turn of cross-section of a compression
element, mm.

2) Notations of EUROCODE:
As : Area of a steel section.
B : Area of a concrete section.

bw : Width of the core of T-, I- or L-beams



Ec, eff : modulus of elasticity of concrete.

Ecd: Calculation value of concrete modulus of
elasticity

Es : Calculation value of the modulus of elasticity
of reinforced concrete steel.

Eb : Modulus of
concrete.

longitudinal deformation of

En : Creep strain modulus.

Ei : Instantaneous deformation module (Eij at the
age of j days).

Ev : Deferred deformation module

(Eij for loading applied at the age of j days).
Eq : Earthquake.

F : Force or action in general.

Gk : Characteristic value of a dead load

| : Moment of inertia

L : Length or span.

Agmin : Area of minimum reinforcement section
A,,,: Area of the shear reinforcement section
A.: Area of the straight section of concrete

e : Eccentricity

D : Bending chuck diameter

L : Length

va : Partial coefficient relating to shares accidental
A

Yo . Partial coefficient relating to permanent actions
G

Gk : value of a dead load

Q«: Characteristic value of a variable action
b : The width or thickness of a section.

d : Distances from the barycentre of reinforcement
stretched (and compressed) respectively to the fibre
most compressed extreme.
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fed : Calculation value of the compressive strength
of concrete

fck : Characteristic  compressive  strength  of
concrete, measured on cylinder at 28 days.
fem : Average value of resistance in concrete

compression, measured on cylinder

fik : Characteristic tensile strength of reinforced concrete
steel.

fy : Yield strength of reinforced concrete steel.

fyk : Characteristic yield strength of reinforced concrete
steel.

fywd : Yield strength for calculating sharp force
reinforcements

H : Total height of a section of reinforced concrete.
i : Initial or snapshot.

j : Age of j days.

k : Coefficient in general.

n : Coefficient of equivalence between steel and
concrete

ae :is the report Es/Ecm

y: Partial safety factor defined in the Common
Directives.

v,: Partial coefficient for reinforced concrete steel

t . Relative deformation (&b for concrete, er for
concrete removal, & for steel)

fc1 : Relative deformation of

concrete at peak stress f,.

in  compression

fcu : Ultimate relative deformation of concrete in
compression.

€cd : Deformation due to drying shrinkage.

€ca: Deformation due to endogenous shrinkage.

f : Temperature
coefficient.

deviation angular; dimensionless



1 : Mechanical slendering of a compressed part.

1 : Poisson coefficient of a concrete structure,
dimensionless coefficient.

oc : Compressive stress of concrete.
N : Normal effort

NEed : Calculation value of normal effort acting
(tensile or compression)

1 : Torsional tangent stress
¢ : Diameter of a rebar

y: Coefficients defining values representative of
variable actions

Ved : Effort calculation value Acting sharpener
3) Notations of CBA code:

As : Total area of reinforcement.

B : Area of a concrete section.

Br : Reduced concrete area.

E : Longitudinal modulus of elasticity.
Es : Modulus of elasticity of steel

Ev : Deferred deformation module (E;; for loading
applied at the age of f;;).

Efi: Creep strain modulus.
FAa : Force or action in general.
G : Dead loads
| : Moment of inertia
L : Length or span.
Ls : Buckling length
ser - Normal force, at the service limit state
Nu : Normal force at ultimate limit state
Q : Variable action or live loads.
S : Actions due to snow.

St : Spacing between transverse reinforcements
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T : Temperature
W : Action due to wind.
Vu : Shear effort to calculate service or usage.

b : The width or thickness of the concrete cross-
section.

bo: Width of the concrete cross-section.
h : Total height of a section of reinforced concrete.

d : Distance between the upper fiber and the lower
reinforcements.

fou : limit constraint of concrete.
fo:
fe:
fy:

i : radius of the concrete section

Characteristic compressive strength at d-day.

Yield strength of steels

Characteristic tensile strength at d-date

u : Perimeter of the concrete section

o : Angle of an armature with the fiber average of
a linear part

vo : Safety factor of concrete.

vi - Load factor

ys: Safety factor of steel

&oe : Relative deformation of concrete
n : Cracking coefficient

A : Mechanical slendering of a compressed part.

Ost: Permissible tensile stress of steel
v : Poisson’ratio

p : Density of concrete

Tu: Ultimate shear stress
yi : Coefficients defined in the Common Directives
¢: Creep coefficient

@, - Nominal diameter of shear reinforcement.



@, : Nominal diameter of longitudinal reinforcement
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