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Modeling of structural behaviour of RC members

Numerical modelling Material properties
linear, non linear, plastic, 1t order homogen, inhomogen, izotropic, anizotropic
theory, 2" order theory, etc. elastic linear;, non linear elastic,

plastic, viscous, reological properties, etc.

Structural
behaviour

Engineering Size effect Environment
modelling effects, loads,
statics, strength of durability properties, etc.
materials, elasticity,
plasticity, dynamics, etc.

Experimental
modelling
full-scale,

non full-scale, etc.
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RC cross-section in the end-point of the uncracked state — Cracking

M [KNm]
A
Elastic state of stress
| or
. |. state of stress
My =Moo =Tog -~ iIX, < > 4@  Cracking moment
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RC cross-section after the end-point of the uncracked state — Cracked state
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
E, =KX o, =6; Eyg=K-X-Ey
A A ERSsmyTTTTUNGE TR v oWy
4 - I > N, ¥
X X Z,
h d Zl_’DM’ """"""" dT """"
— X | Z
R AR - el _INS BN )
v
gs=rx-(d—x) o, =& Eg=x-(d—x)-E,
: . 1 | 2
1. Horizontal force equilibrium : - Internal forces: N, = E°(K°X)~Ecd -X-b Arm of the internal forces: Z, =§-X
SN=0 — 0=N,—N, N, =x-(d—x)-Eg - A z, =(d—x)
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
E, =KX o, =6; Eyg=K-X-Ey
A A EeEsmmEy TG TR R
4 - I > N, ¥
X X Z,
h d Zl_’DM’ """"""" dT """"
—X b Z
v R e _INS N ’
v
gs=rx-(d—x) o, =& Eg=x-(d—x)-E,
1. Horizontal force equilibrium: >N=0 — 0=N,-N;

O:%-(K-x)-Ecd-x-b—/c-(d—x)-ES-AS
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
E, =KX o, =6; Eyg=K-X-Ey
A A EeEsmmEy TG TR R
- I > N, ¥
X X Z,
h d Zl_’DM’ """"""" dT """"
— X | Z
v R e _INS N ’
v
gs=rx-(d—x) o, =& Eg=x-(d—x)-E,
1. Horizontal force equilibrium: IN=0 —> 0=N,-N, Static moment on the axis of bending
2 Ecd Ecd 2 >
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
E, =KX o, =6; Eyg=K-X-Ey
X A EESmmEyTTTTTUTUTUTUTTGE UYL R
- I > N, ¥
X X Z,
h d Zl_’DM’ """"""" dT """"
— X | Z
v RESERE _INS o )
Vv
gs=rx-(d—x) o, =& Eg=x-(d—x)-E,
1. Horizontal force equilibrium : >N=0 — 0=N_,-N Neutral axis / Depth of the
¢ S compressed belt
, B e :
1 ; a-x“+b-x+c=0 ; a-A a-A a-A :
O==-b-x"=(d—x)a-A Cy » ix=x,=— S+ S+ $.2-d:
2 (d=x)-a-A b-x?+(2-a-A)x—-2-a-A-d=0 i " b \/( b j
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
Ec =KX Oc =& Eqg=x-X-Egy
ﬁ ________________________________ n-________I _______________________________ - N _____
K X ¢ z
d X D | c
h A M Ny
z l Y I d =Xy | Z,
v BELERE e N
v
sg=r-(d=x) o5 =&5-Eg =r-(d—x )-E
2. Bending moment equilibrium: M=0 —»> M=N,-z,+N, -z,

2
M:{_'(K'X//)'Ecd 'b'XI/}.g'XII +K'(d_xll)'Es As '(d_X”)
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
Ec =KX Oc =& Eg=x-Xy-Egy
A A ERESsRRR TN T T T oWy
- I > N, ¥
X D Xy Z,
d ___________________________________________________________________________________________________
h b ™
Z | M I d—x N B Z,
v [ L — = ¥~ o e S g —— Y
v
sg=r-(d=x) o5 =&5-Eg =r-(d—x )-E
_ o Moment of inertia of the
2. Bendlng moment equﬂlbrlum: ZM = 0 —> M = NC . ZC + NS . ZS e|astic/cracked Cross_section
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
Ec =KX Oc =& Eqg=x-X-Egy
Y S O S % 0 A (R S
1 - - Ny
X D K Xy ’ Zg
d ___________________________________________________________________________________________________
h h ™
Z | M I d—x N B Z,
LL [, - - - - - - - - - - - - - - - - - - dak S AN, Ay S € — Y
sg=r-(d=x) o5 =&5-Eg =r-(d—x )-E
................................................. CrOSS'SeCtional mOdu“ Of the
cross-section on the tensioned
: b'X//3 2|} reinforcement
1 3 +o-Ag(d=x, ) ¢
gs O-S O : O I” O. v s‘
= = : M=x-E_ |, =—-E S S AW
d . X” ES d . X” » cd Il cd o : / :
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Load process of reinforced concrete member in bending — elastic state / cracked state

Geometry Deformation, & Normal stress, o
Ec =KX Oc =& Eqg=x-X-Egy
A A EeEsmmEy TG TR R
n > N, ¥
J X Ko X Z,
h A M Ny
Z M I d—xy - Z
N | J
v v [, - - - - - - - - - - - - - - - - - - dak S AN, Ay S € — Y

Cross-sectional moduli of the
cross-section on the most

; 3 :

| 0-X : ' -

{b 3// ra-A-(d-x, )2} compressed fibre of the cross
'Ecd

------------------------------------------------
* *

: I, section...,
- _ 1A/ Ck
:=0¢ "~ =0¢ |/VII
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The first plastic phenomenon is the yielding of the reinforcemen - o = f,

Geometry Deformation, & Normal stress, o
g, <fy1E, o <fog
2 2 EmssmemryUTTUTTUNGEE TR TTTTTTTTUTUTLAOYN R
“ |, -
] X D Il Il c
h D Y N ™~
Z | My I d—x N | Z
g Y [—— e S RN A S ——— -
O, , Oy 5s_fyd/Es O-S_fyd
I ----- I ::) +— O-S = fyd

Bi-linear stress-strain Design stress-strain diagram

relation for design of ¢ Feg for reinforcing steel
cross-section T < ld : for tension and
in.compression e o > & compression
(concrete) Ecuz Ec3 1 t Euk

gC <de/ECd gS :f)/d/ES
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The first plastic phenomenon is the yielding of the reinforcemen - oy, = f 4

y
Geometry Deformation, & Normal stress, o
g, <fy1E, o <fog
Y S U 05 % 0 A (N SN e
1 - - Nt
; X D K Xl ¢ c
h V4 | MII,s I d — X N 7
S
LL [, - - - - - - - - - - - - - - - - - - dak N ‘-9---4— -----
s = yd/Es O-s_fyd
Bending moment corresponds to yielding of
reinforcement — end of the elastic/cracked
state of stress or end of the |l. state of stress e
Il +aA-(d—x )2 S
PR R fg s f fg 1, ifg
K”:d :E " » EM//?K//'Ecd'I//:—‘Ecd = =—W,
o s d=Xx; = E, d—x, a d-X; | «

------------------
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The first plastic phenomenon is the yielding of the reinforcemen - oy, = f 4

y
Geometry Deformation, & Normal stress, o
g, <fy1E, o <fog
A A  EESSREER TG T o
4 n I - N
- K X1 ¢
d X c
Al Y | T D Y N T N
z | My N I d—x; N A 7
LL e Y P SN . ‘-9---4— -----
gS:fyd/ES O-s_fyd
e : fyd 1
Curveture corresponds to the yielding of reinforcement: Ky=—"-
E, d—x,
. o . f yd Iy f yd a8
Bending moment corresponds to the yielding of reinforcement: ~ Mj; =—- J—x or M,=— W,
— Al o
Concrete compressive stress and strain in the most compressed M o
: . o _ My ¢l
fibre of the cross-section corresponds to yielding of Ocy =Xy Ecll =
reinforcement: I Ecq
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The first plastic phenomenon is the crushing of the concrete — o, = f,

Geometry Deformation, & Normal stress, o
gC _803 _de/ECd O-C :de
2 A Sy TTTTUTTTTTTUTTGEEE TR TN N
J X Ky I X1 ¢ c
| N s s Y S AN S
Z My s I d—x | V4
N | S
v U 2 1 s B 2
v [, - - - - - - - - - - - - - - - - - - _teld
O'C O-S gS<fyd/ES O-S<fyd
O < fyd
Bllinear stress-strain (o® , o', L § Design stress-strain diagram
relation for design of ¢ e ' i for reinforcing steel
Cross-section : i for tension and
In. compression E, «—0—0 of—é;E o » & compression
(concrete) s | t yd '=s Euk

Eo = Ep3 =de/ECd Eg <fyd/Es
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The first plastic phenomenon is the crushing of the concrete — o, = f,

Geometry Deformation, & Normal stress, o

Bending moment corresponds to crushing
of concrete — end of the elastic/cracked

state of stress or end of the |l. state of stress b 3
Ky A (d-x, )
E f 1 -------- f 3 S I I ................
_%c _ cd 3 K cd T c:
Kit =28.C ' » My=xyEyly=""Ey- =fog - ——=Teq Wyt
XII Ecd XII nmmmnm ’-C--'. C ECd C XII C XII ‘n--C- ------------ .
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Reinforced Concrete Structures

The first plastic phenomenon is the crushing of the concrete — o, = f,

Geometry Deformation, ¢

A 4 EESsiEmEyTTTTTTT G TR TS
J ' X D Ky I Xy
L V4 | MII,s I d_x”
v [ - - - - - - - - - - - - - - kR e
_v_
Es < fyd [E
. f cd 1
Curveture corresponds to the crushing of concrete: Ky=—""—
Ecg Xy
[
Bending moment corresponds to the crushing of concrete: My =f, xi
Il
Reinforcement stress and strain at the central point of the M,
tensioned reinforcement corresponds to crushing of concrete: Os) =& T

EMAKOM Ltd. Complex Engineering Bureau

Topic 14. — Cracked state of stress — |I. state of stress

Normal stress, o

O :fcd
- N,y
Cc
5 Z
S
Ng . |
o5 <fyq
. c
or My =Ty -W,
O
(d_xll) Esl = E
S
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Topic 14. — Cracked state of stress — |I. state of stress

RC cross-section in the uncracked and elastic/cracked state of stresses

M [KNm]

A

I
@ hy,

v

MI :Mcrack :fc

Bending moment
v corresponds to the

fyo I | ielding of

a d-X reinforcement
fo. Iy Bending moment
Sy corresponds to the

crushing of concrete

1
> K| —

m
Curveture corresponds to the

. yielding of reinforcement

Curveture corresponds to the
Jcrushing of concrete:
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)

Determine the moment corresponds to the first plastic phenomenon of the outlined rectangular RC cross-section (h =
500 mm, b = 300 mm) in the persistent and transient design situation, if the concrete grade is C30/37, the nominal
concrete cover on stirrups is €, = 30 mm, the maximum size of the aggregates is d, =16 mm, the diamater of the
stirrup reinforcement is @, = 8 mm, the tensioned reinforcement consists. of 4820, the auxalary (compressed side)
reinforcement consists of 2812, BS00A! Determine and outline the strain and stress distribution of the cross-section at

the first plastic phenomenon of the cross-section!
(See Topic 13. Example (1)!)

2012 I A—\ » Concrete grade: C30/37
, * ~Aggregate: d, =16 mm
h =500 mm 8 *  REbargrade: B500A
Width of cross-section: b =300 mm
* Height of cross-section: h =500 mm
4520 \eo o o/ - Concrete cover: C.,, =30 mm
e+ » Tensioned reinforcement: A; prov = 49020 (1256 mm?)
M * Auxalary reinforcement: AS oy = 20012
b =300mm o Stirrups: 28
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)

f 30

fg =0ty -2 =100-— =20 N/mm? V]
}/C 1,5
» EF,- oo _ 20 11400 Nimm? V]
1759, 175
f
B = =20 435 Nmm? V]
ys 115
®» oa=E,/E, =200000/11400~175 V]
[ k,-@=1-20=20mm |
® AD, =maxid, +k,=16+5=21mm;=21mm V]
i 20 mm )
. A@:b‘(z'cnom+2'@S+”'®):300‘(2'30+2'8+4'20):48mm>A@mm:21mm 7]
n—1 41
O d:h—(Cnom+®S+%]:500—(30+8+2—20j:442mm V]
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)

® 0=

1
E-b-xz—(d—x)-a-As V]

a-x>+b-x+c=0
b-x*+(Q2-a-A)x—2-a-A,-d=0

2 2
N X:XII:_a-AS+\/(a.ASj +og-bAS_Z_OI:_17,5.1256+\/(17,54256] 1751256 o

b b 300 300 300 V]
xS 1093
2 /,,=b all +a-Asp,0v-(d—x,,)2=300 il +175-1256 - (442 —192)* =2,08-10° mm* V]
/ 2,08:10°
wpy=—-I"_=2 =8,32-10° mm’
> W d—x, 442-192 vl
9
» W= i =2’0189;0 =10,8-10° mm® V]
Xy
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Reinforced Concrete Structures

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)

ff f A
v -d’” = -VV,,S:%-&ISZ:ZO?kNm
» M,=min {“ I_X” ¢ ’
foy = od -W,,C :20-10,8-106 =216 KNm
\ Xy
W  The first plastic phenomenon is the yielding of the reinforcement!
O.p=——X; = = =192N/mm* <f., =20N/mm
» cll I Il W/f 10,8-106 cd
oen 192
Eop =——= =1,68%,<&.3 =1,750
» ¢l E, 11400 Ao c3 Ao
f
» =L 1 4% 1 :9,46.10—6L
E, d—x,;, 200000 422-192 mm

EMAKOM Ltd. Complex Engineering Bureau

> =207kNm
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NN N NN
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Reinforced Concrete Structures

N

212

h =500mm

4520
«

N

Geometry

8

oo 0 o/

[

b =300mm

435

Ky

TE.d—x, 200000 422-192
M” =207kNm
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)

Deformation, & Normal stress, o
Eea =168 %0 o,y =19,2Nimm?

&5 =f,q1Es =2175%, oy =f,y =435N/mm?
946-10° N, =1 bex, o, =~-300-192-19.2 ~ 553kN
mm 2 7

Ny = Ag prow g = 1256435 ~ 546 KN

yd
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)

Determine the moment corresponds to the first plastic phenomenon of the outlined RC slab cross-section (h = 250
mm), in the persistent and transient design situation, if the concrete grade is C25/30, the nominal concrete cover is
Chom = 25 mm, the maximum size of the aggregates is d, = 24 mm, the main reinforcement consists of @12/150, the
transversal reinforcement consists of @10/150, B5S00B! Determine and outline the strain and stress distribution of the
cross-section at the first plastic phenomenon of the cross-section!

(See Topic 13. Example (2)!)

> « - Concrete grade: C25/30
- - » Aggregate: d, =24 mm
h = 250 mm (10/150 * RE bar grade: B500B
/ «  Height of slab: h =250 mm
————————e—.  * Concrete cover: Coom= 2; mm )
* Main reinforcement: as proy = @121150 (754 mm
B \% « Transversal reinforcement: as,z,ov, rans = ©10/150

EMAKOM Ltd. Complex Engineering Bureau Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)

f, 25

fg=a,, -4 =100-— =16,66 N/mm? V]
o 15
» E,- oo _ 1686 _ o500 Njmm? V]
1759, 175
f
B = =20 435 Nmm? V]
vs 115
®» a=E,/E, =200000/9500 ~ 21 V]
O d:h—(c,,om+%:250—(25+%=219mm V]
O Ozg-b-xz—(d—x)-a-as V]
7

N

® ax’+bx+c=0-b-x*+(2-a-a;,)x-2-a-a,-d=0

2 2
Dy o X X8 @8, 2T (mj A 5019 60mm M
b b b 1000 1000 1000
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Reinforced Concrete Structures

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)

»

»

»

. bex,’ 1000-69°
Iy = 3” +a'as,prov'(d_ //)2:
: 9
we =D 046107 a4 408 mmdm
d—x, 219-69
: 9
we =11 _ 0466107 _ 6 75.10° mm®/m
Xy
PR \
I D ye Z 899 44408 — 64,40 kNmim
. a d_X” a 21
m; =min - ,
fo U _f W =1666-6,75-10% =112,50 kNm/m
Xy

The first plastic phenomenon is the yielding of the reinforcement!

EMAKOM Ltd. Complex Engineering Bureau

Topic 14. — Cracked state of stress — |I. state of stress

+21.754-(219—69)° =0,466-10° mm*/m

. = 64,40 kNm/m

V]

V]
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)
my, . my 6440-10°

o.p=—1.x, = — =954 N/mm? <f., =16,66 N/mm?
» c,li i Il W/C/ 6,75-106 cd ZI
O¢l 9,54
f
S B L, - N VY T V]
E, d—x, 200000 219—69 mm
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)

Geometry Deformation, & Normal stress, o
&es =100% o =954 N/mm?

_ &10/150 e r “““““““““““ ------------------ S ___________
h=250mm Z d—x, =150 mm .
E \\\\\\ n - E .

o o [ ] s © T
. —— ; - \ -
% g5 =f,gIEs =21759, oy =f,q = 435Nimm?
f 1 435 1 1
_ v o _ 6 1 1
== = - =14,50-10" — — . b.x1-0.n=—-1000-69-954 ~
m,, = 64,40 KNm/m Ny =g oy +F,q = 754435 ~ 328 KN/m
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)

Determine the moment corresponds to the first plastic phenomenon of the outlined prefabricated RC."T" cross-section
(h = 800 mm, b, = 400 mm, b, = 160 mm, v = 160 mm) in accidental design situation, if the concrete grade is
C50/60, the nominal concrete cover on stirrups is C,,,, = 20 mm, the maximum size of the aggregates is d, = 8 mm,
the diamater of the stirrup reinforcement is @, = 10 mm, the tensioned reinforcement consists of 9920, the auxalary
(compressed side) reinforcement consists of 8910, B500B! Determine and outline the strain and stress distribution of
the cross-section at the first plastic phenomenon of the cross-section!

berr =400mm (See Topic 13. Example (3)!)
4 7
M | « Concrete grade: C50/60
810 (auxalary * Aggregate: d,=38 mm
) « RE bar grade: B500B
2010 - (auxalary) * Height: h =800 mm
210 - Width of flange: b= 400 mm
h =800mm . _ _
2710 (auxalary) Width of web: b, =160 mm
Y  Thickness of flange: v=160 mm
- Tensioned reinforcement: A, ., = 9920 (2826 mm?)
9520 * Auxalary reinforcement: A’ ., = 12@10
N « Stirrups: 210

EMAKOM Ltd. Complex Engineering Bureau Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)

f, 50

» =, % =100-— =4166N/mm? V]
V4o 1,20
f 41,66
E,=—%=""— ~23800N/mm*
» E 1759, 175 V]
fix 500
f =25 =" = 500N/mm? V]
* vs 100
®» «a=FE,/E, =200000/23800 ~ 840 V]
[ k,-@=1-20=20mm |
® AD,,=max{d, +k, =8+5=13mm};=20mm V]
i 20 mm
. A@:bw—(2-c,,0m+2-@3+n-@):160—(2.20+2-10+3-2o):ZOmmZA@mm:ZOmm 71
n—1 3-1
% 20
® d=h- cn0m+@S+@+Aso,+? =800 — 20+10+20+20+7 =720mm V]
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Reinforced Concrete Structures Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)

1
® 0= 5 besr - X% — (d —X)-a-A;  Let's consider first that the compressed belt is rectangular!! V]
® ax’+bx+c=0->by X’ +(2-a-A)x-2-a-A-d=0 |
a =D,z =400mm

b=2-a-A, =2-8,40-2826 = 47467
c=—2-a-A,-d=-2-840-2826-720 = —34183296

J— 2 —_— . . —_— 2 . .
® e - b+/b?—4-a-c _ —4T467 +/47467% +4-400 34183296 0 0 7
2-a 2-400
B  Depth of the compressed belt is grater than the thickness of the flange!!! New horizontal force equilibrium ZI

equation is needed considering that the compressed belt is "T" shaped!
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Reinforced Concrete Structures Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)

2 y .
o 0=beﬁ°V'(X—%)+bw-(x_2V) —(d—x)-a-AS Let's consider now that the 7

compressed belt is "T” shaped!!!
9 _ _ 2 B 2 2 7
® ax’+bx+c=0-0=b, -X°+2-(byy-v—b, V+a-A) x+b, -V:—byy-v:—2-a-A-d

a=>b, =160mm

b=2-(bys -v—b, -v+a-A;)=2-(400-160—160-160 + 8,40 - 2826 ) = 124277

c=b, v’ —by -v:—2-d-a- A, =160-160% —400-160° —2-720-8,40 - 2826 = —40327296

J— 2— . . — 2 . .
® o - b++b?—4-a-c _ —124277+124277% + 4-160-40327296 oAS oy 160 7
2.2 2160
bsr -V° v b, -(x —v)’
» III: eﬁ:lz +(beff'v)'(xll_5j + (g )+a'As,prov'(d_Xll)2: ﬂ
3 2 _160)
g% 0060 +(400-160)-(246—?j 160 (246 -160)° g 41926 (720 — 246 —727-10° mm*
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Reinforced Concrete Structures

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)

III

727-10°

S _1a/S.2line _
» W=w,

_ = =15,30-10° mm*
Oy —X, 720246

—2960-10° mm?

500

» W ly _727-10°
X1
(fyd . Iy :f
Iy
feg - —=Teq -
X1

o 84

WE =4166-29,60-10° =1233kNm

B The first plastic phenomenon is the yielding of the reinforcement!

M, 911-10°
O =—2 X, =
» ¢l I Il 7271 0°
» o, 3080

“el T E T 23800

EMAKOM Ltd. Complex Engineering Bureau

2w :—0-15,30-106 =911kNm

> =911kNm

.246 = 30,80 N/mm? < f,; = 41,66 N/mm?

= 1,29%0 < % 1,75%0

Topic 14. — Cracked state of stress — |I. state of stress

V]
V]
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Reinforced Concrete Structures Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)
M 911-10°
L (xy—v)=

Concrete compressive stress at the

—_ . _ — 2

» o= I, X 727.10° (246 160)_10’80 Nfmm bottom of the flange

> o, 1080 o/ Concrete compressive strain at the
= ) 00

&e E,, ~ 93800 bottom of the flange

Eslifine _ €c,ll dyjine — X, 760 — 246
» = = Eslitine = Eci =129-

Oiine =Xy Xy X

» Esli2line el

dypne — X 7120 — 246
— Es12line = Ecll 2lne e 1,29-

:2,50%0:fd/E =2,50%0—>0' =f 4
Oojine — Xy Xy X)) 246 ya:=—s S

Eoll 2 g Aapinn — X 680 — 246
s 3line  “cll _ 3line I _
» = —> Es 11 3line = €cll =129-

Aajine =Xy Xy X

=228 %0 <f,g1Es =250%, = o5 <f g

|
|
=270%,>f,q1E; =250%, > o =f,y  [V]
|
|
|

D Oy iaine = Esiine -Es =228 - 200000 = 456 N/mm’
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Topic 14. — Cracked state of stress — |I. state of stress

Reinforced Concrete Structures

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)

Geometry Deformation, & Normal stress, o
Per =400mm =129 < 503 =175 % 05y == 30,80N/mm? <f,, = 41,66 N/mm?
AL R — - — e AN
<4 K” X” —246 mm - NC _"I"' 7
e Y e Y WM N _________¥Y_ ¢
| . Zsg3line
zs,1line
T "'_'_'j!_'_'_'_f:_'_':_'_':_'::_':f\_’i?_'_______ffE —
3 1 Ocy+0¢
N; ~ ary by <Xy -ogy+ 5 (beff_bw) v
K=
1 160-246- 30,80 + 30.80+1080 -(400 —160)-160 ~1405kN
M, =911kNm 2
I Ns = As prov -fyd ~ 2826-500 ~ 1413 kN

Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!
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Reinforced Concrete Structures

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)

Determine the moment corresponds to the first plastic phenomenon of the outlined prefabricated RC

Topic 14. — Cracked state of stress — |I. state of stress

”I”

cross-section

(h=1200 mm, b4 =600 mm, b, =120 mm, v =200 mm, b = 280 mm, h, = 280 mm) in seismic design situation, if
the concrete grade is C40/50, the nominal concrete cover on stirrups is C,,,, =20 mm, the maximum size of the
aggregates is d, = 8 mm, the diamater of the stirrup reinforcement is @; = 10.-mm, the tensioned reinforcement
consists of 16025, the auxalary (compressed side) reinforcement consists of 4810+ 8@12, B500B! Determine and
outline the strain and stress distribution of the cross-section at the first plastic phenomenon of the cross-section!

(See Topic 13. Example (4)!)

v =200mm
720mm

N

|

N

N

b =600 mm
‘<A

[ [1 Jsx12 (auxalary)

210

210

16525

b =280mm

EMAKOM Ltd. Complex Engineering Bureau

(auxalary)

(auxalary)

Concrete grade:
Aggregate:

Re bar grade:

Height:

Width of top flange:
Width of web:
Thickness of top flange:
Width of bottom flange:
Thickness of bottom flange:
Main reinforcement
Auxalary reinforcement:
Stirrups:

C40/50

d, =8 mm

B500B

h=1200 mm

b =600 mm

b, =120 mm

v=200 mm

b =280 mm

h, =280 mm

A, ., = 16025 (7856 mm?)

s,prov

A o= 401048012

s ,prov

210

Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!



Reinforced Concrete Structures Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)

foi 40

» f,=a, % =100-— =3333N/mm? 4
V4o 1,20
» E,- oo _ 3333 _ 19000 Nimm? v]
1759, 175
fie 500
f o= = == = 500N/mm? V]
ol vs 100
®» o=E,/E, =200000/19000 ~ 10,50 v]
[ k- @=1-25=25mm |
® AD ., =maxid, +k, =8+5=13mm;=25mm V]
20 mm
o A@:b‘(z'cnom+21'@S+”'@):280_(2'204+21'10+4'25)=40mm>A@mm=25mm 71
n_ —

o d=h—(Cnom + D+ DA, + D+ A;‘”j:1200—(20+10+20+40+20+470):1070mm V]

EMAKOM Ltd. Complex Engineering Bureau Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!



Reinforced Concrete Structures Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)

1
® 0= 5 besr - X% — (d —X)-a-A;  Let's consider first that the compressed belt is rectangular!! V]
® ax’+bx+c=0->by X’ +(2-a-A)x-2-a-A-d=0 |
a=>b. =600mm

b=2-a-A, =2-10,50-7856 =164976
c=—2-a-A,-d=-2-10,50-7856-1070 = -176524320

_422mm>v=200mm V]

> _btybP—4-a-c 164976 +~/1649762 + 4600176524320
! 2.3 2600

B  Depth of the compressed belt is grater than the thickness of the top flange!!! New horizontal force equilibrium ZI
equation is needed considering that the compressed belt is "T" shaped!
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Reinforced Concrete Structures Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)

2 y .
o 0=beﬁ°V'(X—%)+bw-(x_2V) —(d—x)-a-AS Let's consider now that the 7

compressed belt is "T” shaped!!!
® ax’+bx+c=0->0=b, -x*+2-(byy -v—b, -v+a-A) 2 by V2 - V]
. . — =b, - \Dgfr - v a-Ag 'X+bW'V beff'v zaASd

a=>b, =120mm

b=2-(bes -v—b, -v+a-A;)=2-(600-200—120-200+10,50-7856) = 356976

c=b, -v? —by -v:—2-d-a- A, =120-200% —600-200° —2-1070-10,50 - 7856 = —195724320

® ,_, _—bryb?-4.a.c —356976+356976" +4.120-195724320
— AT —

=473 mm > v =200mm ZI

2-a 2-120
b -V° > b (xy—v)
» III: eﬁ:lz +(beff'v)'(xll_%j +— (:I,: )+a'As,prov'(d_XII)2= ﬂ
3 2 3
_ 600-200 +(600'200)'(473_¥j 120-(473-200)" 4050 7856 (1070 473 = 47,30-10° mm
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Reinforced Concrete Structures

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)

I, 4730-10°

Topic 14. — Cracked state of stress — |I. state of stress

D W= = =79,20-10° mm®
d —x, 1070—473
9
» W= b 413010740010 i’
Xy
fa b B 900 6 |
= WP =255 7920-10° = 3771kNm
B M, =min : / ! ’ - = 3333 kNm
fg-—=Ff, WS =3333-100-10° = 3333kNm
Xy J

B The first plastic phenomenon is the crushing of the concrete!

_ My 3333-10° )
o, X, —V)= (473 -200)=19,20 N/mm
» /” ( Il ) 47’30109 ( )
19,20
B o == 2 1019
% =F o000 Vo

EMAKOM Ltd. Complex Engineering Bureau

Concrete compressive stress at the
bottom of the top flange

Concrete compressive strain at the
bottom of the top flange

V]

V]
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Reinforced Concrete Structures

» di;f’ﬁn;” - f(c,f = Es litine = €c3° dw"j(”_ 21— 175. 1 1617_3473 =257 %> 1,4 1Es =2,50%, — o5 =14

» d‘:;';’zf";” = ff: = &q)121ine = €03 dz””)e(”_ X _475.] 1027_3473 = 2339 <f, |E; =250%, — o5 <f,q

» dj:,;z’?n;” - ii? = Es13line = €c3 dsﬁnj(”_ o 1,75- e 3 209000 <fyy | Es =250 —> o5 <fyy

» d‘:ﬁ‘”"‘f”; = ‘i % s 51 aine = ot d4”")e( — XL _475. 9724 ;3473 =185%, <,y |Es =250%, — ¢ <f,q
ine Il Il Il

D Oy ine = i 2ine - Es = 23394 200000 = 466 N/mm*
W O aine = Esiiine -Es = 209200000 = 418 N/mm’

W O jidine = Es,1ine - Es =185 %-200000 = 370 N/mm*

EMAKOM Ltd. Complex Engineering Bureau

Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)

J R N N NN
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Reinforced Concrete Structures

Topic 14. — Cracked state of stress — |I. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)

Geometry Deformation, &

ber =600mm
‘<

Normal stress, o

o, =fy =3333N/mm?

3% """""""""""""""""""""""""""""""""""""""""" ) i I, ¢ L
v =200mm . [ | S R IO 1Y R
K | Ze
720mm & . Zs Aline
b, =120mm ¢ 1 d —x; =597 mm zs,3£ine |
R 4 Ns ; J' s,2line
N e 0 ...~ ! oy Z. 4
h, =280 mm i;E ________________________________________________________ ~';:—:—:—:—:—:—1—':—:—:—:-z::::::::::::::::::::::h:{'i ‘ l | s:1line
B 4 3 e R e SR, somt ———n i
> b — 280 mm 53,//,4Iine = 1’85%0 O-s,ll,4line = 370 N/mm2
H gs,II,BIine = 2’09%0 O-s,II,BIine = 41 8 N/mm2
Es21ine = 2:33 Yo Os 1 2line = 4066 N/mm?
< 175 Esiine = 297 Yo O i tiine = fyg =900 N/mm?
Ky =—8=""--370-10"° .
= 73 mm Ns =2 Asproviine " Osiine = 3449kN
] i=1
M, =3333kNm N, ~ % by Xy foy + 1T (b p Yoy s %.120 4733333+ 333971929 600 190).200 ~ 3467 KN

EMAKOM Ltd. Complex Engineering Bureau
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Reinforced Concrete Structures Topic 14. — Cracked state of stress — |I. state of stress

Reinforced Concrete
(RC) Structures

Topic 14.
Cracked state of stress - ll. state of stress
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