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Anchorage / Ancorarea

Reinforcement anchorage in concrete

The concrete does not withstand tension, therefore associated with steel

reinforcements. After concrete cracking, reinforcement is overtake tensile stresses

of the elements.

= Must be ensure cooperation between concrete and reinforcement, i.e.

reinforcement slipping in conrete, by a suitable anchorage.
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Anchorage / Ancorarea

Reinforcement anchorage in concrete is achieved trough:

- Bond
- Hooks or Heads of the bars

- Special anchorage
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Anchorage / Ancorarea

Concrete and reinforcement works together due to bond.

Bond -2 defined by the bond strength, f,

—> is produced by
a) adhesion between concrete and steel
b) friction between reinforcement & concrete
c) clenching of concrete between bar ribs
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Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT
Anchorage / Ancorarea

Concrete and reinforcement works together due to bond.

Bond -2 defined by the bond strength, f,

—> is produced by
a) adhesion between concrete and steel =10%
b) friction between reinforcement & concrete
c) clenching of concrete between bar ribs

The cube can not be
moved because it is stuck
on the metal plate
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4. REINFORCED CONCRETE / BETONUL ARMAT

Reinforced Concrete |. / Beton Armat .
Anchorage / Ancorarea

Concrete and reinforcement works together due to bond.

Bond -2 defined by the bond strength, f,

—> is produced by
a) adhesion between concrete and steel =10%

b) friction between reinforcement & concrete ~20%
c) clenching of concrete between bar ribs

. ~h &
friction ’%“

S radial compression

| D

/.

fresh concrete is shrinking
radial compression is produced
- moving bar entail friction
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Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT
Anchorage / Ancorarea

Concrete and reinforcement works together due to bond.

Bond -2 defined by the bond strength, f,

—> is produced by
a) adhesion between concrete and steel =10%
b) friction between reinforcement & concrete ~20%
c) clenching of concrete between bar ribs *70%

potential shear surface Reinforcing bars aref easy to pull-out the bar
| \ \I\ , - plain: 0B37 (RO)
| \. | - ribbed: PC52 (RO), S500 (EU)
I I
P i
e————

| I - concrete must be sheared on a cylindrical
I I
| | surface to pull-out the bar.

- will be difficult to produce concrete shear
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Anchorage / Ancorarea

Bond model for a reinforcement with periodic profile

Force applied by the rib to concrete
Friction force

LN N N w X
v v _ o ¥ 4 Internal

—'f }r *F fr cracks

/
Principal unit tensile stress (c4)
directions (rings)

Radial compression
on reinforcement

a) internal cracking of conrete b) concrete splitting &, = f,

crack (dislocation of a relative

y, \ position large amount of concrete)
_\_;‘/—\é ~3'/7{'« before slipping
- ] ]
c) rib detail

Dr.ing. Nagy-Gyoérgy T. © Faculty of Civil Engineering |] it



Reinforced Concrete |. / Beton Armat |. 4. REINFORCED CONCRETE / BETONUL ARMAT
Anchorage / Ancorarea

Bond stress is obtained by pull-out test

Failure mode -2 Pulling out of the bar (plane bar)
— Cracking of concrete (ribbed bar)

« displacement measurements

1 P

experimental model

trajectories of
principal stresses oy 9f ct
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Anchorage / Ancorarea

Bond stress is obtained by pull-out test

Bond failure
— bar sliding for plain bars
— concrete cracking, even splitting in 2 or 3 pieces for ribbed
bar
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Anchorage / Ancorarea

Bond stress is obtained by pull-out test

Bond failure
— bar sliding for plain bars
— concrete cracking, even splitting in 2 or 3 pieces for ribbed

bar
P(Al =0.10mm)
A fbk —

r, IN/mm?] fb ¢,

fbk

010 mm Al [mm]
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Anchorage / Ancorarea

Unit bond stress distribution in transversal and longitudinal
directions

local
deformation T T
of concrete A ¢
s v P
I ——)>
A

action range r =(10...15 Rectangular .

(influence zone) ] o
triangular variation law
1. Itis advisable to avoid overlapping of influence zones P

2. Usually, the overlapping of influence zones can not be avoided fomea = T+l
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Anchorage / Ancorarea

Unit bond stress distribution in a beam, near a crack

@]
=
Q
@]
~

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering |] it



Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT
Anchorage / Ancorarea

Behavior of reinforcement embedded in concrete for centric tension

N=N_+N, N

N

Concrete o.=E. ¢ i
\ | | ' O, = 0
} } Gc = Nc/Ac } }
\ | ‘ |
\ \ ‘ |
| | Reinforcement o, =E, ¢, | |
\ | | |
\ \ ‘
\ \ _ ‘
A o, =N /A,
| | Perfect bond |
\ \ _ _ ‘
| | E=€. =&, | |
\ \ ‘ |
\ \ ‘ |
fbmed F Bond ﬂ fbmed
ST b
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Anchorage / Ancorarea

Behavior of reinforcement embedded in concrete for centric tension

N=N_+N, N

N
<= -
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Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT

Anchorage / Ancorarea

Necessary anchorage length |, 2 ensure stress transmission from
reinforcement to concrete through bond on this length

Rational failure condition: bond failure to be produce simultaneously
with reinforcement yielding (o4 = f, )

Y
T['qb'lb'fbmed:%fy K lp =

In conformity to EC2:

_ $0sq
lb,rqd = e fig where  lpg = a10,0324Qs5lp rqa = lpmin
¢'fyd
At the limit: [ =
brad = 4.fp4
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Anchorage / Ancorarea

Table 8.2: Values of m, a», a3, a; and as coefficients

Reinforcement bar

Type of anchorage

Influencing factor In tension In compression
Shape of bars Straight a =10 a =10

Other than straight a1 =07 ifcy =3¢

(see Figure 8.1 (b), otherwise a; =1,0 ar =1,0

(c) and (d) (see Figure 8.3 for values of ¢y)

_ a: =1-0,15(cy — @) 9

Straight >07 a> =10
Concrete cover =1,0

Other than straight @=1- 0;105;% —300¢ a =10

(see Figure 8.1 (b), ~10 2T

(c) and (d)) (see Figure 8.3 for values of ¢;)

Confinement by

transverse o =1-KA az =1,0
reinforcement not | All types =07
welded to main <10
reinforcement
Confinement by All types, position
welded transverse | and size as specified ay =07 a, =07
reinforcement* in Figure 8.1 (e)
Confinement by a; =1-0,04p
transverse All types = 0,7 -
= 1,0

pressure

lba = 3045y rqq = lp min

Universitatea
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Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT

Anchorage / Ancorarea

o, - form of the bars assuming adequate cover
o, - concrete minimum cover
05 - confinement by transverse reinforcement

a, - influence of one or more welded transverse bars (¢, > 0,6¢)
along the design anchorage length

o - effect of the pressure transverse to the plane of splitting along
the design anchorage length

oL, O3 Ol = 0,7

lpa = a1aa3a405lp rgq = Uy min
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Anchorage / Ancorarea

Effects of non-welded reinforcements

As g[j‘caAst As @’AST As ¢’trAst
2 \ |

K=0,1 K=0,05 K=0

Anchorage of links and shear reinforcement

hook bend Welded transverse
55 but 104, but reinforcement
> - > 70 224
_5}mm _I"'—"'Imm | > 20 mm ?10 mm

® 210 mm— 1 | <50 mm —
m t T# > 1,44
=0,7¢
- ! ¢ ¢
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Anchorage / Ancorarea

Simplification:

lpa = a1lprqa - for shapes shown in Figure 8.1b to 8.1d
z5¢;L
Oy \\ .  —
e doen ( ; .
o 0 be
90 <o <150

d) Equivalent anchorage

b) Equivalent anchorage length for length for standard loop

standard bend

Table 8.2: Values of a1, a7, a3, a; and a5 coefficients

Reinforcement bar
Influencing factor Type ofanchorage In tension In compression
Shape of bars Straight o =10 ar =1,0
Other than straight ar =0,7ifey 39
(see Figure 8.1 (b), otherwise a; =1.0 a; =1,0
(¢) and {d) (see Figure 8.3 for values of ¢y)

Dr.ing. Nagy-Gyorgy T. ©




4. REINFORCED CONCRETE / BETONUL ARMAT

Reinforced Concrete I. / Beton Armat .

Anchorage / Ancorarea
Simplification:

lpa = a1lprqa - for shapes shown in Figure 8.1b to 8.1d

35;2;L - ( o

-".b,eq

-".I:le

90" < o < 150"

b) Equivalent anchorage length for d) Eﬂ;lt}ﬂgpt;::g:r??:ﬂp
standard bend

Table 8.2: Values of a4, a7, a3, a; and a5 coefficients

| | Tvoe of anchorage Reinforcement bar
B [ — In tension In compression
&-"a : ; ar =1,0 ar =1,0
Ao e 0 =07 ifcy >3p
M | otherwise a, = 1.0 a; =10
a) Straight bars b) Bent or hooked bars ¢) Looped bars (see FigUl’E 8.3 for values of ¢;)
ca = min (&2, ¢4, €) Cq = min (&/2, ¢4) Ca=¢C

HH H H Universititea
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Anchorage / Ancorarea

2.25 1M1 Ny " fotqg > design value of the ultimate bond stress
where:
n, - is a coefficient related to the quality of the bond condition and the position of the

bar during concreting
= 1.0 2 when ‘good’ conditions are obtained
= 0.7 - for all other cases

n, - is related to the bar diameter
=1.0 ptd <32 mm
= (132-¢$)/100 ptd>32mm

fetd — design tensile strength of concrete

q')'fyd

lp rgd =
" 4 fra

lha = rayazasasly rgq = Uy min

>
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Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT

Anchorage / Ancorarea

@ 2.25-11 "Ny " fotq > design value of the ultimate bond stress

Bond conditions:

A A

' !

Ut S B

= A, = EANNNANNNNNNRNNNY
= 2507 | C

a) 45° < &< 90° c) h> 250 mm A | Direction of concreting
- A
a '
l 3[:'[:] [ .r"f/.-"/.fr//):/rf.f// '
i X [
h < _,_-_;’ = ’;-.:-:' h
A '
b) h=<250 mm d) > 600 mm

a) & b) ‘good’ bond conditions c¢) & d) unhatched zone - ‘good’ bond conditions
for all bars hatched zone - ‘poor’ bond conditions
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Anchorage / Ancorarea

Longitudinal reinforcement bars can be anchored to through the following forms:

1. Strait ends —
. .

"rb.eq

2. Bent ends

Ib,eq

R

90" < o < 150"

a) Basic tension anchorage length, #, b) Equivalent anchorage length for
for any shape measured along the standard bﬁnd
centreline
=56 4 .
1507 .
-"b e : _- fb 2 |
¢) Equivalent anchorage d) Equivalent anchorage
length for standard hook length for standard loop
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Anchorage / Ancorarea

Longitudinal reinforcement bars can be anchored to through the following forms:

3. Welded transverse bar g 2069 >=5¢

4. Special-end anchorage (headed reinforcement)
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Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT
Anchorage / Ancorarea

4. Special-end anchorage (headed reinforcement)

- Transfer through concentrated stresses eliminates the need of anchorage length,
without using bond

- The total length of the bar can be used

- Reducing agglomeration of reinforcements = element size reduction

- Stiff anchorage at shear reinforcement reduce shear strains, thus reducing shear
crack width

—
u..;.—.-,....&:@
—

Stress distribution Position of the active section
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Anchorage / Ancorarea

4. Special-end anchorage (headed reinforcement)

o e % 70 o 7o) 9 o T £ ar ar 2o
f"’. | ) '\-_': 1

0 .‘_L. 7 o

- Easy and fast to install ; g
- No hooks of bends
- Costs ?7??

gy
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4. REINFORCED CONCRETE / BETONUL ARMAT

Column
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4. Special-end anchorage (headed reinforcement)

N\

Cantilever

p 2t e e e
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Anchorage / Ancorarea

Bond strength depends on:

Concrete quality C/ = f, /1
- Cement dosage Cem = f, /]
- Water — cement ratio W/Cem 7 =N
- Compaction Compaction /1 = f, 7

- Position of the reinforcement during the casting

for horizontal bars = f, N (air voids)
for vertical bars = f, 7

- Shape of the reinforcement cross-section
[] — L T I

a===)

\ J
|

- peeks in stress distribution
- weak compaction of concrete
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Reinforced Concrete I. / Beton Armat .

Anchorage / Ancorarea

Bond strength depends on:

- Diameter of the bars
Ex:

1916 = 4¢?

fb,¢16= ? MPa

fb,¢?: ? MPa

- Concrete cover

4. REINFORCED CONCRETE / BETONUL ARMAT

¢ 7 =>f, N
4T b mea (N/Mm®)
4,5
2,8
1,8
> (Mm)
16 20 26
C. cover N =, N

\

radial compression

»
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Anchorage / Ancorarea

Bond strength depends on:

- Bar spacing s,/ = f, /
1 2
> 2r <2r \
more
fos > fos stresses
- Embedment length [, 7 = fmeq N
“fbmed (N/mmz)
_'—‘—AS — 6 [N
\\
[ | 4 \
‘ = | \\G
e~y )
% = . !h(mm)
0 30 60 150 400

~ for the same P: diagram will be elongated therefore fo meq N
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Reinforced Concrete |. / Beton Armat .
Anchorage / Ancorarea

Bond strength depends on:

- Transversal reinforcement prevents (transversal) deformation
= f, 7

Spiral Welded
wire

reinforcement
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Why bars should be anchored ?

1 De-bonding & failure by bond
L

/

A 4

Fs =V 0.5 cotgb

CORRECT DETAILING

Universitatea
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Anchorage / Ancorarea
Summary:

Anchorage of the bars must be realized to ensure:
- good transfer of reinforcement tensile force to concrete

- avoid longitudinal cracks and concrete splitting.

For this reason the following requirements will be fulfilled:
* the minimum spacing of the bars

eanchorage of the bars
disposing transversal bars (welded or non-welded), if necessary

*the sufficient concrete cover
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Anchorage / Ancorarea Laps / Tnnadiri

) J

AN FAN

>12,0m

LAPPING OF BARS

&
\

LAPING‘W\ /Wﬁ, @
L |

¢ > 14 mm — maximum length =12,0 m

v

Forces are transmitted from one bar to another by:
- lapping of bars provided with or without bends or hooks;
- welding;
- mechanical devices.

Connection between bars should normally be staggered and not located in areas
of high moments/forces (e.g. supports, plastic hinges)
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Anchorage / Ancorarea Laps / Tnnadiri

LAPPING OF BARS

N gf'ﬁmMM\

THE FLOW OF FORCE:
reinforcement — bond — concrete — bond — reinforcement

"

Consequence of this flow is the tensile force in concrete

"

Transverse reinforcement is required

isitiled
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Anchorage / Ancorarea Laps / Tnnadiri

Arrangement of lapped bars

2> 0,3/, /,
ol e ~ <50 mm
5 =Y
A f f T
F a 224
- - > 20 mm I
F [ * —
S | F
- { ] + _ 2

Lo =°<1'°<2'°<3'°<5 brqa = lomin > design lap length

Percentage of lapped bars relative < 25% 33% 50% >50%
0(6 9 to the total cross-section area
as 1 1,15 14 1,5
Note: Intermediate values may be determined by interpolation.

All bars in compression and secondary (distribution) reinforcement
may be lapped in one section.
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Anchorage / Ancorarea Laps / Tnnadiri

Arrangement of lapped bars

Clear distance between lapped bars

Iy

]
L)

J_a r’-"’.’ E

.

E
il E

—

a < min (50 mm; 4¢)otherwise |, should be increased by a

a > min (50 mm; 4¢)

:'<—|O+al—>4
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Anchorage / Ancorarea Laps / Tnnadiri

Arrangement of lapped bars

Longitudinal distance between two adjacent laps

= 0,3/, I

F
k=
il

! ]

L]

F

K

P

Clear distance between adjacent bars in case of adjacent laps

F Lap 1 = 2¢
-1 D ) = 20 mm
E |

lm‘l‘l [ Py

T ; }
Lap 2
Adjacent bars P

Dr.ing. Nagy-Gyorgy T. ©
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Anchorage / Ancorarea Laps / Tnnadiri

Transverse reinforcement in the lap zone

—is required in the lap zone to resist transverse tension forces

JA 2 2A2
l,/3 lo/3
- s
e UL oy

o, 1 SA,, > 1.04,

a) bars in tension

2A, /2 2A, 12 <150 mm

- |
F — “d/j F?
- e ‘ = —> + 1 transversal bar
L
ap| i3] i3] ¢
Dl - ] -"-'-""-—"|

b) bars in compression
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Anchorage / Ancorarea Laps / Tnnadiri

Laps for welded mesh fabrics made of ribbed wires reinforcement

_..,FS_ .!!!!nl!!__fﬁ
‘S & ® % & ® °®

R

a) intermeshed fabric (longitudinal section)

e o o e o ¢ o
- ,_iiir"inl_{_:é

e |

b) layered fabric (longitudinal section)

Diametrul barelor

(mm) Lungimi de suprapunere
P<6 >150 mm;
B cel putin un ochi de plasé tn intervalul de Innadire fig. 5.18a,
=250 ;
6<p<gs |=2PVmm

- | cel putin doud ochiuri de plasa in intervalul de innadire fig. 5.18b.
8,5<¢<12 =350 mm;

cel putin doud ochiuri de plasi in infervalul de innédire fig. 5.18b.

Dr.ing. Nagy-Gyorgy T. ©
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Anchorage / Ancorarea Laps / Tnnadiri
Welding
I
10mm | L. i 10mm

welding by overlapping

—>j«—1...2mm
- :.'::| @
[0mm L. . 10mm
splice piece
hh.'\..h.
I'lli’l.

—>||-0—1...2mm

- —

10mm L. 1 Omm

welding with angle profile

Welding details will be specified in the design project, together with specific conditions, as
well as the permissible deviations.
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Mechanical couplers

Foundations =2
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Anchorage / Ancorarea Laps / Tnnadiri

Mechanical couplers

Dr.ing. Nagy-Gyorgy T. ©



Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT
Anchorage / Ancorarea Laps / Tnnadiri

Mechanical couplers

I
o i i o | i

o i ) i

ettt

Universitniea
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Anchorage / Ancorarea Laps / Tnnadiri

Mechanical couplers

L)

Coupler with sheared-off screw head

Universitatea
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Mechanical couplers
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4.2 WORKING STAGES OF RC ELEMENTS
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Working stages / Stadiile de lucru

The behaviour of RC elements depends on the value of internal forces
induced by loads.

In time, intensity of internal forces increasing, that leads to changes in
stress distributions.

Dr.ing. Nagy-Gyorgy T. ©
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Working stages / Stadiile de lucru

Concrete and steel has different characteristics, emphasized by the
o — £ diagrams.

~ —
85
g
where where
f.— compressive strength of concrete fy —vyielding limit
f,.— tensile strength of concrete f, — tensile strength of steel
€., — ultimate compressive strain of concrete g, — ultimate tensile strain
g, — Ultimate tensile strain of concrete g,,— strain at yielding
E.,, — secant modulus of elasticity E. — Young’s modulus of steel
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Working stages / Stadiile de lucru

During the life of the element there are the following stages:
l. Elastic

Il. Elasto-plasic (service)

lll. Plastic stage (failure)

To discuss these stages = consider a simply supported beam
P =0 2 failure

Q)

BENDING

| @
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Working stages / Stadiile de lucru

STAGE |.

- Low value of loads

- Concrete is uncracked = entire cross section is active
- Bending stiffness is maximum (El)

- Mainly elastic behavior

Limit of Stage . = €t = Ery 2> o,=f,

- plastic deformations are produced in the tensioned concrete
at the limit of the stage

- at the limit of the stage, for a very small increasing of loads,
tensioned concrete will crack; M, = cracking bending moment.
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Working stages / Stadiile de lucru

STAGE I.

- Design in stage | is generally used for hydro-technical structures.

Design in stage | is not economical because the stress in reinforcement is very small
- Reinforcement is not used to at its capacity.

0.10...0.15 , )
o, =& E,~¢e, " E;, = 1000 + 210000 = 21...30 N/mm* < f, = 210..500 N/mm
\z 0.1...0.15%o

8C<<8CU O-C<fc

h/2
Q

h/2
o
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Working stages / Stadiile de lucru

STAGE |.

h/2
Q

h/2
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Working stages / Stadiile de lucru

STAGE |.

h/2
Q

h/2
=
™

A

A

™

Et=€cty  Oct™

Cracking of concrete
Limit of Stage I.

o, (0}
Ca S oA

fck ”””””” : T fyk ”””””” ———T

L : 8
&c3 = 1.75%0 £c3 = 3.5%0 C Euk
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Working stages / Stadiile de lucru

STAGE |.

h/2
Q

h/2
=
™

A

A

™

Et=€cty  Oct™

Cracking of concrete
Limit of Stage I.

o, (0}
Ca S oA

fck ”””””” : T fyk ”””””” ———T

L : 8
&c3 = 1.75%0 £c3 = 3.5%0 C Euk
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Working stages / Stadiile de lucru

STAGE Il. — service stage

- under service loads, tension zone of the element is cracked
- concrete in tension is neglected
- active section consists of compressed concrete and tension reinforcement
- bending stiffness (El) of the section decreases as a result of cracking
- generally, elastic behaviour, characterized by:
- in compressed concrete: 6. ~0,5f

- in tensioned reinforcement: c,~0,7..0.8f,

% compressed zone (r;cc);;;racked zohe

tension zone

cracked zone (non-activ)
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Working stages / Stadiile de lucru

STAGE Il. — service stage

- Is the basis of design for SLS and fatigue
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Working stages / Stadiile de lucru

STAGE Il. — service stage

- Is the basis of design for SLS and fatigue
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Working stages / Stadiile de lucru

STAGE Il. — service stage

- Is the basis of design for SLS and fatigue

‘ Ec<£cu

h/2
Q

could be
Q ‘ neglected
<~ As S< & y
d eeoeeo
s \ /
A A
ferep----------- ‘ * fyk f e SE—
< i &3 = 1.75%0 £33 = 3‘.5%‘3: EC su,‘( > 85
\ 4

Universitatea

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering TN oY)

Timisoara



Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT

Working stages / Stadiile de lucru

STAGE lll. — Failure stage

- Increasing of loads leads to further increase of strains and stresses
- Reinforcement starts to yield in case of usual reinforcement percentages (p =
0,3...2,5%)

- Under constant loads there is a progressive rotation of the section induced by
reinforcement yielding. This situation is defined as plastic hinge involving the
curved diagram in compressed concrete > corresponding the bending moment
M, =Afz~0,9Af d (p = plastic)

- stiffness decreasing, deformations increasing, neutral axis rising toward the
maximum point =2 Minimum bending stiffness & very high deflection

- further increasing of loads leads finally to crushing of compressed concrete =
corresponding to M, (failure or resisting moment).

- the failure is ductile, because of the large deformations before the collapse.
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STAGE lll. — Failure stage
| E<E., o.<f,
|

h/2
o

h/2

fck ”””””” : ' fyk ”””””” '

v

L L | -
»
£c3 = 1.75%0 £c3 = 3.5%o gc Euk ES
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STAGE lll. — Failure stage
| E<E., o.<f,
|

h/2
o

h/2

fck ”””””” : ' fyk ””””” : '

v

L L L | -
»
£c3 = 1.75%0 £c3 = 3.5%o gc Euk ES
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STAGE lll. — Failure stage

h/2
o

h/2

0, ) (0} 0
Ca S oA € 5 oA
fer | ‘ . e . T ‘ . fyre | .
P Ect . . » » P & . » »
< " > S > < T > 8 >
| &c3 = 1.75%0 £c3 = 3.5%0 C Euk | &3 = 1.75%0 &c3 = 3.5%0 C Euk
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STAGE lll. — Failure stage

h/2
o

h/2

0, ) (0} 0
Ca S oA € 5 oA
fer | ‘ . e . T ‘ fyre | .
P Ect . . » » P & . » »
< " > S > < T > 8 >
| &c3 = 1.75%0 £c3 = 3.5%0 C Euk | &3 = 1.75%0 &c3 = 3.5%0 C Euk
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) £C<<ECU OC<<fC £C<<£CU OC<<fC C:gCU GC:fC
* Ay /D
I\/Icr MR
‘ 0‘s<<fy O'S:fy
tfeeee -—t
! _ —
gct<£ctu Oct< et Ect™€ctu Ot
Limit of stage I.
. Cracking > Service . Steelyielding Concrete crushing
STAGE I. STAGE Il. STAGE Ill.
a) - reducing the stiffness a)
- entire section is active - active zones: compressed - increasing of deformations
- elastic deformations concrete and tensioned rebar - yielding of reinforcement
- n.a. is under the element axis - n.a. rising above the element axis - plastic deformation of concrete
- element stiffness is maximum - forming of plastic hinges
- instable stage 0. = 0.5f. -M,=0.9Af,d
b) b)
- plasticization of tensioned g; = (0.7 + 0.8)f, - n.a. in the maximum position
concrete - stiffness of the section s
- M, — cracking moment minimum
- very large deformations
- failure by crushing of
compressed concrete
- ductile behaviour
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- Along the element could be find all the working stages.
- The element works as a concrete arch with a steel tie

St. | st. | limit

St. 11 St. 11 9.@
R )1
M@é // | fy remember ?!

fe f,<f, |

ARCH (compressed concrete) l

Cracked
7/ "'_l' tensioned
_______ — — — concrete

I Uncracked tensioned concrete

TIE (reinforcement)
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Working stages / Stadiile de lucru

Stage | Steel yielding Failure
e
£ 12 .,.08,].12 S w
A
M. 160 +Mr Rotation in plastic hinge Stage 1l
p - _
140 +
120 + yielding —
-+ 40
100 > Stage I
me_ %0 320 ™ T
concrete —
Mo 60 —+ cracking ) 20 (cm)
40 )
Stage |
L >
209 @, w (m)
p deflection
l l l 1 l l l L I : >

wE 0,01 0,02 0,03 0,04 w;
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Working stages / Stadiile de lucru

FINAL REMARKS

- Failure of RC elements having usual reinforcement percentage between
0.4 + 2.0 (2.5)% begins with yielding of reinforcement and finishing by
crushing of compressed concrete.

- Elements with great value of reinforcement percentage = over-reinforced
concrete > no more yielding of reinforcement, failure is produced by
crushing of compressed concrete
Is not advisable to use such case:

- reinforcement is not yield = not economical

- failure is a brittle-one

- Element with low reinforcement percentage = under-reinforced concrete
—> failure is produced by tensile failure of reinforcement, without crushing
of compressed concrete = used in massive constructions.

p% =A./A_.x 100 2 reinforcement percentage

Dr.ing. Nagy-Gyoérgy T. © Faculty of Civil Engineering |] it



Reinforced Concrete |. / Beton Armat I. 4. REINFORCED CONCRETE / BETONUL ARMAT
Working stages / Stadiile de lucru

FINAL REMARKS
STATICALLY DETERMINATED STRUCTURES f ; l l ;::
Plastic hinge shows immediate failure

STATICALLY INDETERMINATE STRUCTURES

i Plastic hinge:

- structure still stands

- reduction of the static indeterminacy
- redistribution of efforts to other areas

— * ‘ - ensure dissipation,of the seismic energy

v

BASIC PRINCIPLE OF SEISMIC DESIGN
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4.3 DURABILITY OF RC
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Durability / Durabilitatea

Definition
A durable structure shall meet the requirements of serviceability, strength and

stability throughout its design working life, without significant loss of utility or
excessive unforeseen maintenance.

—> Corrosion: carbonation or chlorides
—>Freeze-Thaw

—> Alkali-silica reactions \ _
Live Loads
v i A <D

Thermai

Loading /H/ N | ‘ | PEPETR ST Siab
Factors affecting structures = ~ 7 ___;_;?76, jJ}/\l — |
Moisture TN ‘i
Loading —_— T T
(RH)
Column
Internal Loads
Impact Loads

- Shrinkage Loads 8
> D D D D e |

l 7o T ; ( . ) g | Overlay
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Durability / Durabilitatea

Reinforcement corrosion — initiated by chlorides
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Durability / Durabilitatea

Reinforcement corrosion — initiated by carbonation |

In time -
Ca(OH), + co, = CaCO; +H,0
concrete environment it is not alkaline = no further protection

pH 13-14 reduced to pH 7-8

co, - nothing happens!
H,O —> nothing happens!

But CO, + H,0 - H,CO, (carbonic acid )

After depassivation H,CO, attack reinforcement - corrosion (rust)
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Reinforcement corrosion — initiated by carbonation

/ Ca(OH), > rebars are protected

® @ ® <
227777 7~ | | Carbonated layer
\ Attack of CO, After a long
period

N

s %)
/ Carbonated layer

Attack of CO, OR H,0 = Attack of CO, + H,0 - CORROSION (RUST)
NO PROBLEM!

\

Y.

———— RUST - longitudinal cracks

\\
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Durability / Durabilitatea

Reinforcement corrosion — initiated by carbonation

Reinforcement
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Durability / Durabilitatea

Freeze-Thaw attack
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Reinforcement corrosion - superposed effects
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Durability / Durabilitatea

Construction design lifetime (for guidance)

Categor Construction design Type of construction
sory lifetime (in years) (Examples)

5 ~100 Important const.rucn:tlons,
monumental buildings

4 50 — 100 Structurgs for buildings and current
constructions

3 15 —30 S.tru.ctures for farm buildings or
similar

) 10 — 25 Construction parts which could be
replaced

1 10 Temporary structures
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Durability / Durabilitatea

Durability of concrete depends on:

- Exposure conditions: atmosphere, soil, seawater, salt, mechanical abrasion,
storage or contact with chemicals = exposure class X

- Cement type = in some cases may require special cements resistant to chemicals

- Concrete quality = chosen usually from strength condition, but may be required
superior classes in certain environmental conditions (density & strength)

- Thickness of concrete cover - is calculated according to the exposure class, to
protect the reinforcement from penetration of aggressive substances, but also in
case of fire

- Crack width = if is not exceed the permissible openings (generally 0.3 mm), are
generally not dangerous

If the factors are favorable, concrete durability could be very high.
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Class Description of the environment Infarmative examples where exposure dasses
designation M= SCCur

1 Morisk of corrosion or gtack

Faor concrete without reinforcement or

0 9 no riSk Of CorrOSion or attaCk xn embedded metal: all exposures exceptwhere

there i freezefthaw, abrasion ar chemical

attack
For concrete with reinforcement or embedded
metal: wary dry Concrete inside buildings with weny low air bumidity
2 Caorrosion induced by carbonation
AL Crry or permane nthy woet Concrete inside buildings with low air humidiby
Concrete permanenthy submerged inwatar
- . . HALCZ2 Wiet, rarahy dry Concrete sufaces subject to long-term water
C -> Carbonation = corrosion induced by contact
. M ary foundations
Ca rbonat'on ] hloderate humidity Concrete inside buildings with moderate or high air
humidity
External concrete sheltared from rain
A ) Corclicweat and dny Concrete surfaces subject tow ater contact, not

within exposure olass XC2

3 Caorrosion induced by chlorides
. . AL Moderate humidity Concrete surfaces exposed to airborne chlorides

corrosion IndUCEd by D2 Wiet, rarehy dry Swimming pools

H Concrete components exposedto industfrial waters
Chlorldes containing chlorides
AD3 Corclicweat and dry Farts of bridges exposedto spray containing
chlorides
Fawements
Car park slabs

D = Deicing salt

S -> Seawater = corrosion induced by chlorides [« corrosion naused by chiories from s=s viter

251 Exposedto aitborne salt but nat in direct Structures nearto or on the coast
contactwith seawater
x52 Fermanently submerged Farts of marine structures
pAcic] Tidal, splash and spray zones Farts of marine structures
5. Freeze/Thaw Attack
ZFA Mloderate water = aturation, without de icing Werical concrete surfaces exposedto rain and
F > Frost = Freeze/thaw attack agent frsezing
AF2 Mloderate water s aturation, with de-icing agent |[“erical concrete surfaces of road structures
exposedto freezing and airborne de-icing agents
~F3 Highweater s aturation, without de-izing agent  |Horzontal concrete surfaces exposedto rain and
freezing
ZF3 Highweater saturation with de-icing agents ar Foad and bridge decks exposedto de-icing agents
sea water Concrete zurfaces exposad to direct spray

containing de-icing agents and freezing
Splash zone of marine structures exposed to
freezing

A 9 AgreSSive enVirOnmEt - Chemlcal attaCk = EETDEI a:?;:thr aggressive chemical environment M atural soils and groundwater

acocording to EM 206-1, Table 2

A2 Moderately aggressive chemical emvironment | Maturalsoik and groundwater
9 1 1 according to EN 206-1, Table 2
+ M MeChanlcaI abraSIon ] Highly aggress ive chemical environment Maturalscils and groundweater

according to EM 206-1, Table 2

Dr.ing. Nagy-Gyo



Reinforced Concrete |. / Beton Armat |. 4. REINFORCED CONCRETE / BETONUL ARMAT

Durability / Durabilitatea

Reinforcement corrosion - superposed effects

Normal Marin
environment | environment

4

B

XF1, XC4—T)

, K03, Xk

%153, XH,
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Durability / Durabilitatea

Reinforcement corrosion - superposed effects

] xcaxr1 ] -
| xCa+xF1 | ] . —|  xcasxk1 |
XC1 |

| xca+xF3 F__l ‘ _

\d

| xc3+xF1 | - | xca+xF1+xa1 I
| —1 xc1 | S
XC4+XF1 e oo - Apa freatica
I I-" == e | (agresivitate
=] =e wm‘{;ﬂ T ; = 1: chimica redusa)
(XC1) XCO (XC1)
XC2 XC2
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Durability / Durabilitatea

Strategies considered for increasing sustainability:

A. Avoidance of degradation reactions - is obtained by:
- "environmental change" application of membrane elements, protective films,
etc .;
- chose of non-reactive materials: stainless steel, coated reinforcement, non-
reactive aggregates, sulfates resistant cements ;
— reactions inhibition by cathodic protection, use of air entraining admixtures to
to increase freeze-thaw resistance.

B. The selection of the optimum materials and compositions, suitable to resist to the
expected degradation reactions

—> suitable concrete composition;
— concrete cover thickness related to the environmental conditions;
- applying appropriate technologies for compacting concrete;

= increase the cross section of the elements resulted from the calculation, if is
necessary
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Durability / Durabilitatea

Concrete cover

—is the distance between the surface of the reinforcement closest to
the nearest concrete surface (including links and stirrups and surface
reinforcement where relevant) and the nearest concrete surface.

The concrete cover ensures:

- Force transfer by bond from reinforcement to concrete
- Protection of steel rebars against corrosion (durability)
- An adequate fire resistance (not treated here)

The nominal cover shall be specified on the drawings !!! :
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Durability / Durabilitatea
Chom = Cmin T ACdev

Ac,,, =5 mm for cast-in-place slab (N. Annex)
= 10 mm for the rest of the element (A.N.)

Cﬂompf C"norn;rfu T I ) ;
_‘L ' // : C .
) ! / i min

) /
a. Cnom,/= Cnom,w + (I)w execution
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Chom = Cmin + ACdev

¢long

h d A
ds ¢etr
Cnom, long Cnom, etr
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Durability / Durabilitatea

Minimum concrete cover
Cmin = Max {Cmin b Cmin dur + Acdur Voo Acdur st Acdur,add ) 10 mm}

Cmin = Max {Cmin,b; Cmin dur 10 mm}
\ I j

bond  durability

-C - minimum cover due to bond requirement

~Cpmin.dur ~ MiNimMum cover due to environmental conditions (N. Annex)

-Ac,,,, - additive safety element (generally =0) (N. Annex)

-Acy,, s - reduction of minimum cover for use of stainless steel (N. Annex)
-ACy,, aqq - F€duction of minimum cover for use of additional protection (N. Annex)

min,b
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Durability / Durabilitatea

Minimum concrete cover

Cmin — Max {Cmin,b; Cmin dur 10 mm}
\ | }
Y Y
bond durability

Cmin,b 2 CI)

Cmindur = Tunction of structural class (recommended S4 for a
design working life of 50 years) and exposure class

Environmental Requirement for cpin.dur (mm)
Structural Exposure Class according to Table 4.1
Class X0 XC1 | XC2/XC3 XC4 XD1/X81 | XD2/XS2 | XD3/XS83
S1 10 10 10 15 20 25 30
S2 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55
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4. REINFORCED CONCRETE / BETONUL ARMAT

Durability / Durabilitatea

Recommended structural classification

Structural Class

Criterion

Exposure Class according to Table 4.1

production ensured

bl KT KT HCS HiZ4 H O HO2 ST MDA HS2 5]
Design VWorking Life of | Increase | increase Increase INncrease | Increase Increase | Increase class
100 vears Classhy? |classby 2 | classhy 2 | classhy 2 | class by 2 | class by 2 by 2
Strength Class V2 = C3NET | =2 C30037 | =2 C35Md0 | =C40/80 | = C40/80 | = C40/450 = C45/545
reduce reduce reduce reduce reduce reduce | reduce class by
class by 1 |classby 1| classhy 1 [classby 1 | class by 1 | class by 1 1
M emberwith slab reduce reduce reduce reduce reduce reduce | reduce class by
geometry classby 1 |classby 1| classby 1 [ classby 1 | class by 1 | class by 1 1
(pasition of reinforcemeant
not affected by construction
[IrOcESs)
Special Quality reduce reduce reduce reduce reduce reduce | reduce class by
iZontrol of the concrete | class by 1 | classhy 1| class by 1 | classby 1 | class by 1 | class by 1 1
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