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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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Behaviour of reinforced concrete member in tension

Tension

Deformation (strain) Normal stiffness
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Behaviour of reinforced concrete member in bending

Bending

...load...

...Shear force...
...bending moment...
...rotation...

...displacement...

...curvature...

Rotation Curvature

...displacement...
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Reinforced Concrete Structures

Deformation of reinforced concrete member in bending

Bending M [kNm]

A

» x[1/m]

o

B AL _ The load process of a reinforced
P = _E- | ' K= E. concrete member in bending can be
examined using the Bending moment

Rotation Curvature - Curvature relationship!
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Load process of concrete member in bending - elastic state

Geometry Material properties

W O+ (compression)

e L. PPt ka _________ Qe o} ECd =
_______ ::i 803
}4 AL >‘ fog Q7
fctd
ot =
E
y cd
h
Z
b » &,
4

€c3 &3t (compression)

Cross-section f ctd
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Load process of concrete member in bending - elastic state

Geometry Deformation, & Normal stresses, o
gC:K X GC_gC.ECd KX ECd
A RNSEERTTTTTTTTTTTTTTTTTNG I S IR A
— X — N, %
h r M --------------------------------------------------------------
Z
Z
v & h=x N, €= 7 t
& =K (h—x) or=¢&Ey=xK (h—x) E.,

1. Horizontal force equilibrium: *N=0 — 0=N,-N, — ng

2. Moment equilibrium: IM=0 — 0=M-N;-z,-N; -z
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Load process of concrete member in bending - elastic state

Geometry Deformation, & Normal stresses, o
gC:K X GC_gC.ECd K-X ECd
Y G G S S I S IR A
P X L N, %
. X .
h r D 1Y/ et S S S ¢
b4
_ Z
A T D AN\ k tht- _____
& =K (h—x) or=¢Eyy=x (h—x) E.,
2. Moment equilibrium: M=N,-z,+N;-z
Internal forces: N, = % (x-x-Eyy)-(x-b) Arm of internal forces: Z, = % - X
1 2
Ny == (- [h=x]:Ecq)-((1—x]-b) 2 =5-(h=x)

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



Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Load process of concrete member in bending - elastic state

Geometry Deformation, & Normal stresses, o
gC:K X GC_gC.ECd KX ECd
A RSy TN I MRS IR (.
— X L N, %
. X .
h X l—>> M T g i
_ Zs
v [EEERGRS OV AV & tht- _____
& =K (h—x) or=¢Eyy=x (h—x) E.,
2. Moment equilibrium: M=N,-z,+N;-z
1 2 1 2
M=§'(K‘X‘Ecd)'(x'b)'§'x+5 (- [h=x]-Eqy)- ([ - X]'b)'g‘(h—x)
2 3
M=K.x.b.Ecd.%m.b.(h—x)-Ecd (h—x) kB 2N e
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Load process of concrete member in bending - elastic state

Geometry Deformation, & Normal stresses, o

v [eaRs |\ OY o\ K s T
& =K (h—x) or=¢Eyy=x (h—x) E.,

Ot
= 3 2

g Ey 2.0 - M- _ 2-0y b-h b-h

K= = = =x-E [ = — =0

h—-x h ~ h-E, “ThE, ¢ 12 U 6

2
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Load process of concrete member in bending - elastic state

Geometry Deformation, & Normal stresses, o

47( h—X Nt - _____
—Y [, A O A Y Cracking in the most
P _fa o =f tensioned fibre of
t t c
E., the concrete cross-
f section!
” RS ‘
I g ) . 3 ' . 2
G _ Ey _ 2Ty b Mo, =k E,, -l = 2 feyg 'Ecd'b h :;ctd'b h Moment
h—x ﬁ h-E, A ; h-E,, 12 6 resistance
R
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Bending moment-Curvature (M - « ) relationship for concrete cross-section
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Bending moment-Curvature (M - « ) relationship for concrete cross-section

MRd =fctd'

The fracture of the cross-section
is caused by the first crack in
the most tensioned fibre of the
concrete cross-section!
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Reinforced Concrete Structures

Load process of concrete member in bending - elastic state

Deformation, & Normal stresses, o

Geometry
Ec =&t _fctd /Ecd O¢ =0t =gy
B W 2 7 N T S\ BTt L A h-b
ﬁ = Ne 5 ﬁ Ne =Tog - —
h X D v Ll 2 A4 3 4
2 r h h h-b
v 2Nt- """ 3 Ny=fy e
GAC & =fyylEy Ot =ty

B L Due to the low tensile strength of concrete, the

o of  cecf N\ cd load-bearing capacity of the compressed concrete

¢ o cd e i belt can only be utilized applying steel bars in the

o— —  tensioned concrete belt!
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Load process of reinforced concrete member in bending — elastic state (uncracked state)
Geometry

Deformation, & Normal stresses, o

E, =KX o, =6; Eyg=K-X-Ey
X A ESESmEEmER TN TR o
> - N,
X K X z
I KV I £
Z K A d—x Z I Z
_Y__v_ _ihXINS ____ N tgt """"" S
6‘t=K‘-(h—X) O = & Ecd—K'-(h—X) E.,
g =x-(d—x) o, =& -E;=x-(d—x)-E,
1 _ 2
1. Horizontal force equilibrium: . ~Internal forces: N, = ?(K'X)-Ecd -X-b Arm of the internal forces: zZ, = §'X
1 2
SN=0 — 0=N_,-N;-N, Ni 5K (h=x)-Egg-(h=x)-b—x-(d~x)-Eeg-As 7 :5-(h—x)
K
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Load process of reinforced concrete member in bending — elastic state (uncracked state)

Geometry Deformation, & Normal stresses, o
E, =KX o, =6; Eyg=K-X-Ey
X A EESmEyTTTTTUTUTUTUTUTGE YT TTTTUUUTUTUTLIOON R
> - N,
X K X z
Pl SRS e £
Z K A d—x Z I Z
_Y__v_ _ihXINS ____ N tgt """"" S
& =K (h—x) or=¢Ey=xK (h—x) E.,
g =x-(d—x) o, =& -E;=x-(d—x)-E,
1. Horizontal force equilibrium: EN=0 — 0=N,-N;-N;

OZ%-(K-X)-ECO, -x-b—B-zc-(h—x)-Ecd (h=x)-b—x-(d—x)-Ey -AS}—K-(d—x)-ES A

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



Reinforced Concrete Structures

Topic 13. — Uncracked state of stress — |. state of stress

Load process of reinforced concrete member in bending — elastic state (uncracked state)

Geometry Deformation, & Normal stresses, o
E, =KX o, =6; Eyg=K-X-Ey
A A EeEsmmEy TG TR R
> - N,
Pl SRS e £
Z K A d—x Z I Z
_Y__v_ _ihXINS ____ N tgt """"" S
6‘t=K‘-(h—X) O = & Ecd—K'-(h—X) E.,
g =x-(d—x) o, =& -E;=x-(d—x)-E,

1. Horizontal force equilibrium:

1, ) E E, 1,1
O=x-<{—-b-x"—=-b-(h—x) —A.-(d—x)| = -1 o=— O=x-<—-b-Xx“"——-b- - :
At L roaf - -0 £ 1) o= £ om L] .

cd
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Load process of reinforced concrete member in bending — elastic state (uncracked state)
Geometry

Deformation, & Normal stresses, o

Ny C
K d—x
v e _ih_XINS ____ N tEZt """ Izs
6‘t=K‘-(h—X) O = & Ecd—K'-(h—X) E.,
g =k-(d—x)

1. Horizontal force equilibrium: EN=0 — 0=N,-N;-N;

1 b.h2 4 A ( 1) J Static moment on the most
— - —+ . —_ .
Neutral axis / Depth of the y, s\

S, compressed fibre of the cross-section
compressed belt X=X = b-h+A -(a _1) T A | Ideal cross-sectional area in

EMAKOM Ltd. Complex Engineering Bureau

the elastic (uncracked) state
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Load process of reinforced concrete member in bending — elastic state (uncracked state)

Geometry Deformation, & Normal stresses, o
Ec =KX O-c_gc'Ecd K- X Ecd
2 2 Eessmemrmy TG TR TTTTTTTTUTUTIAOYNR
> ¥ - N,
X K ! Z,
h ¢ z l_'D M A W o Tdex, N l """"""""
K h — — Ay V4 Z
_Y__v_ _J_XIINS ____ N tgt """ IS
g=x-(h-x) op =& -Eog =k -(h=x)-Eqq
gs=x-(d-x) o, =g, Eg=x-(d—x)-E,
2. Bending moment equilibrium: M=0 — M=N,-z,+N;-z;, +N; -z

M:{%-(K-x,)-Ecd -b-x,}-%-x, +{{%-K-(h—x,)-Ecd -b-(h—x,)}%-(h—x,)—zc-(d—x,)-Ecd A, -(d—x,)}ﬂc-(d—x,)-ES A -(d-x))
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Load process of reinforced concrete member in bending — elastic state (uncracked state)

Geometry Deformation, & Normal stresses, o
Ec =KX O-c_gc'Ecd K- X Ecd
A A EEEsemyTTTTTUTNGE TR TSN
> ¥ - N,
X K ! Z,
hl z l_'D W N A I l """"""""
K h — — Ay V4 Z
_Y__v_ _J_XIINS ____ N tgt """ IS
g=x-(h-x) op =& -Eog =k -(h=x)-Eqq
gs=x-(d-x) o, =g, Eg=x-(d—x)-E,
_ o Moment of inertia of the
2. Bending moment equilibrium: M=0 — M=N;-z,+N;-z; + N -z elastic (uncracked)

T T e LT E LT CL T LT e T LA LI ! Cross-section
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Load process of reinforced concrete member in bending — elastic state (uncracked state)

Geometry Deformation, & Normal stresses, o

Cross-sectional moduli on the
. most tensioned fibre of the
1. (d cross-section

---------------------------------------------------------------------------------
- 3
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Cracking at the most tensioned fibre of the cross-section

Geometry Deformation, & Normal stresses, o
Ec =KX op =& Eqg=1-X-Egq
JESEREE) (ENNNNY SN
- ¥ - N,
J | X K I Z,

h L l_’ M; =M gaex N h Idx “““““““““““““““““““““
| —X — X N Z Izs
< | { o Y _.

v _‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘.‘.‘.‘.;‘.‘.‘.‘.‘.‘.f:‘;_‘__‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_’_9 _________ B

o i1 ¢t =fotg [ Ecq o =foq
A _ _
(compressed concrete belt is in the elastic state) | | €s =K '(d —X ) Os =K '(d — X )'Es
— 7
o, <<<f, —\
Es +«o0—5 > &,
Ecus €c3 L :
otd iT «<— oy =TIyy (concrete cracking in the tensioned belt)
(tensioned steel bars are in the elastic state) gg <<<fqlEq
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Cracking at the most tensioned fibre of the cross-section — M.,,.,.,

Geometry Deformation, & Normal stresses, o

&t f ctd

h—X, Ed h XI E crack | cd 'l §Ctd
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Cracking at the most tensioned fibre of the cross-section - o, ,— oy

Geometry Deformation, & Normal stresses, o
Ec =KX O, =6 Eeg=K,-X-Egy
Y WU A e . [ P L
> ¥ - N,
X K I Z
d Cc
h 7 r DMI :Mcrack < Idx """"""""""""""""""""""
/ h—x A N z Z
4 | N { demmm VY t I S
v
v [Pe— oo R e T R,
& =Tfoyy | Egq o =y
&5 =x-(d=x) s =k (d=x)-E
S M ............... i - f - | .
o.. =& -E — 1 X -E o = crack ompressive Stress or concrete In the most compressea tore
ot =%0sBog =K1 X1:Ecg W 10y l » of the cross-section at the moment of concrete cracking
‘ M Tensile stress of reinf t at th t of
_ E _ d X E o= crack d X enslie Stress or reintorcement at the moment o
Tsi = &s) H ( ' ) » sl ! ( / ) » concrete cracking
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Reinforced Concrete Structures

Bending moment-Curvature (M - «) relationship for RC cross-section - Cracking

MI :Mcrack :fctd )

EMAKOM Ltd. Complex Engineering Bureau
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Elastic state of stress
or
. state of stress

Cracking moment

M [KNm]

A
.
L -
h—x,
O
:fctd. 1
I Ecd h—X,
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Example: Analysis of the RC cross-section in the uncracked state of stress (1)

Determine the cracking moment 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
Chom = 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,
B500A! Determine and outline the strain and stress distribution of the cross-section at the moment of concrete

cracking!

N—
212 &RTTIIREN

8

h =500 mm —

4520 o2 o o/
N

!

b =300mm

EMAKOM Ltd. Complex Engineering Bureau

Concrete grade:
Aggregate:

RE bar grade:

Width of cross-section:
Height of cross-section:
Concrete cover:

Tensioned reinforcement:

Auxalary reinforcement:
Stirrups:

C30/37
d, =16 mm
B500A
b =300 mm
h =500 mm
Coom =30 mm
= 4020 (1256 mm?)

As,prov
A’ =2012

S ,prov

28
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Example: Analysis of the RC cross-section in the uncracked state of stress (1)
V]

500
1000

2 00 N/mm?

1,6——)-2,00 — 220 N/mm?

D =, -fc—k=1,oo-ﬁ=2o N/mm?
}/C 1,5
o f, =030-f,%%=030-30"% =290N/mm?
® (o005 =070-Fy, =070-2,90 =2,00N/mm*
e h s
16——— | -f
® fenoos = max<( 1000) WO maX<(
L fctk0,05
f
» f,=a, 205 100+ 222 Z 147 Nimm?
7/C 1,50
f 20
E.,=—% =" ~11400N/mm*
» Eu 175%, 1,75
f
B =222 435 Nmm?
vs 115
®» «a=FE,/E, =200000/11400~175

EMAKOM Ltd. Complex Engineering Bureau

L — 2 20 N/mm?

J NN NORNEK

A\
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Example: Analysis of the RC cross-section in the uncracked state of stress (1)

[ k,-@=1-20=20mm |
® AD, =maxid, +k,=16+5=21mm¢=21mm V]
20 mm
o A@:b—(z-c,,om+2-@s+n.@):300—(2-30+2-8+4-20):48mm>A@mm:21mm 1
n—1 4-1
O d:h—(Cnom+@S+%)z500—(30+8+2—20j:442mm V]
» A =b-h+(a—1) Ao =300-500+(17,5-1)-4-314=0,170-10° mm* |
. h 500 6 3
O sx=b.h3+(a—1)-As,pmv.d=300-500.7+(17,5—1).1256.442=46,7o.1o mm |
S, 46,70-10°
X =—=— =275mm
» A 017-10° V]
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Example: Analysis of the RC cross-section in the uncracked state of stress (1)

b-h? h Y )
= == +bh =X +(a=1)-Ag oy - (d =X, ) =
3 2
_ 500-500 +300-500-(5700—275j +(17,5-1)-1256 - (442 — 275) = 3,80-10° mm* |
/ 3,80-10°
M =M, =fy ——=147-> =24.80kNm
» / crack ctd h—X, 500 — 275 ﬂ
6
» gc,_"”crack .x,=24’80 109 .275=179N/mm? V]
S 3,80-10
O-CI 1’79
= =0,1570¢
¥ T E T T o vl
6
D oy —a e (g x)=1750- 222010 (442 975)= 1910 Nimm’ V]
| l 3,80-10
03[ 19,10
Sl Sap =0,096¢
¥ o= 200000 o vl
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Example: Analysis of the RC cross-section in the uncracked state of stress (1)

Geometry Deformation, & Normal stress, o
g, =0157%, o, =1,79N/mm?
L ST 0 | .- A
2012 (8 i ) - N o
V'sa _
il K, [X/ =275mm C Izc =183,33mm
h =500 mm e R
h—x,=225mm |d—x, =167 mm zy =150mm |z
K/ | / Nt ______
4520 T it R e h—g ——————————————————————————
N RN SR el Y N -------------
L , g5, =00969, &, =1910N/mm?
b =300mm ¢ (47
ctd 1
K = %ol = 02’17557 = 0,57.10_6 1mm &t Ecd 11400 AO Ot fctd 1,47 N/mm
X

M, =M., =2480kNm
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Example: Analysis of the RC cross-section in the uncracked state of stress (2)

Determine the cracking moment 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 C,,,, =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, B500B! Determine and outline the strain and stress distribution of the cross-section at the moment of
concrete cracking!

N
« - Concrete grade: C25/30
- - » Aggregate: d, =24 mm
h = 250 mm (107150 * RE bar grade: B500B
/ *  Height of slab: h =250 mm
—_—  * (oncrete cover: Coom =25 mm
* Main reinforcement: a5 prov = 912/150 (754 mm?)
B \% « Transversal reinforcement: 3, provtrans = 910150
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Example: Analysis of the RC cross-section in the uncracked state of stress (2)
V]

250

16— == |.179 = 2.42N/mm?
1000

1,79N/mm?

» f,=a, T 100.22 _ 1666 Nimm?
7C 1,5
o f, =030-f,%%=030-257 =256N/mm?’
® (o005 =070-f, =0,70-256=179N/mm’
h (
16——— |-f
® (005 =Max: ( 1000) HOBL — maxd (
fctk0,05
f
B 1= a0 100242 6 qNmm?
ctd ct
/4o 1,50
» EF,- oo _ 1086 _ o500 Njmm?
1759, 17
f
B =222 435 Nmm?
vs 115
®» a=E,/E, =200000/9500 ~ 21

EMAKOM Ltd. Complex Engineering Bureau

L = 2 42 N/mm?

J NN NORNEK

A\
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Example: Analysis of the RC cross-section in the uncracked state of stress (2)

o d=h—(Cnom+%j=250—(25+%j:219mm V]
®» a3 =b-h+(a—1)-ap, =1000-250+(21-1)-754 = 0,265-10° mm?/m V]
. h 250 6 3
o sX:b-h-5+(a—1)-as,pmv-d:1000-250-T+(21—1)-754-219:34,55-10 mm?/m V]
s, 3455.10°
X =—= =130mm
* X a, 0265-10° v
 b-h® h Y
» ’I:T+b°h'(5_xlj +(a_1)'as,prov'(d_xl)2:
3 2
_ 1000 g9 +1000-250(?-130) +(21-1)-754-(219—130)% =143-10° mm*/m |
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Example: Analysis of the RC cross-section in the uncracked state of stress (2)

i 143-10°

DM =My =Ty . 16155 33 = 40 KNmim |

» o, = mciflack X, = :23113: -130 = 0,67 N/mm? V]

> cnge o 7

D o, =a- ek (d_x)=21 7’40'1096 -(219-130)= 9,67 N/mm? V]
i 143-10

A C;SSI S 230%20 =0.048 % vl

B gx"l’ . 01’2(7)1 —0546-10° ¥/ |
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Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (2)

Geometry Deformation, & Normal stress, o
g5, =0071%, ) =0,67Nmm*
gv ____________________________________________________________________________________
) N ox
V'sd —
210/150 K ]X’ = g ° I 2, =86,66mm
h=250mm | sgivrEerEEEmsyvetioe O\ yed T T Ty
% h—x, =120mm | d—x, =89mm I 7, =80mm |z,
o ® ® Ns- Nt- _____
RN D A A VP Ok s S AT, o v e i I Nl N R R S
N Vv
3121150 < —0048y _ 2
s =Y 00 o, =9,67N/mm
fug 161
—d _ 2 _ (1690 —f, = 2
m; = M0 = 1,40 KNm/m t E.. 9500 00 oy =fuy =147 N/mm

=0,546-10°° ¥/ _
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Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (3)

Determine the cracking moment 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 Cp,r, = 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 9820, the auxalary. (compressed side) reinforcement consists
of 8910, B500B! Determine and outline the strain and stress distribution of the cross-section at the moment of
concrete cracking!

Do =400mm

4 7

» « Concrete grade: C50/60
8@10 (aUXa|GFY) ° Aggregate: dg - 8 mm
« RE bar grade: B500B
210 (auxalary) * Height: h =800 mm
b go0mm| « Width of flange: b...= 400 mm
) 2010  (auxalary) *  Width of web: b, =160 mm
Y * Thickness of flange: v=160 mm
- Tensioned reinforcement: A, ., = 9920 (2826 mm?)
920 * Auxalary reinforcement. A’ ., = 12010
N « Stirrups: @10

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



Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (3)

f, 50

» =, % =100-— =4166N/mm? V]
V4o 1,20
o f, =030-f,%% =030-502"3) =410N/mm? V]
® (oo =070-Fy, =070-410=290N/mm’ v/
( h f 800 )
16—— |-f 16— —— |-2,90=2,32N/mm
® fiynoos =Maxs ( 1000) WO _ maxy ( 1000) L=200Nmm?  [V]
\ fetko 05 , k 2,90 N/mm?
f
»  f,=a, -8 100 290 _ 5 42 Nimm? V]
/4o 1,20
f 41,66
E,=—% =" ~23800N/mm*
» E 1759%, 175 /]
f
B fy =222 500 Nmm? V]
Vs 1,00

N

®» «=FE,/E, =200000/23800 ~ 8,40

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



Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (3)

[ k- @=1-20=20mm |
® AD,,=max{d, +k, =8+5=13mm};=20mm V]
| 20 mm
o A@:bw—(2-c:,,om+2-@3+n-@):160—(2.20+2-10+3-2o)ZZOmmZA@mm:ZOmm 1
n—1 3-1
& 20
@ d=h- cn0m+@3+@+Aso,+? =800 20+10+20+20+7 =720 mm V]
»  A=b, (h-v)+by v+(a—1):A 5 =160-(800—-160)+400-160+ (8,40 —1)-2826 = 0,187 -10° mm* [/]
O S;(=beﬁ-v-%+bw-(h—v)-(v+h—;\/]+(a—1)-As,pmv-d V]
=400.160.?+160.(8oo—160).(160+800460)+(8,4o—1)-2826.720:69,30-106mm3
S, 6930-10°
X, =2 =— =370mm V]
S A 0187-10°
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Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (3)

b v v ¥ (h=v)-b h—v )
» /= efqz +beﬁ-v-(5—x,j +( 1)2 W+(h—v)-bw-(v+T—x,J +(o=1)-Ag yroy - (d =X, F =
:400-1603

2
+400-160-(?—370) +

3 2
+ (800 —160)" -160 +(800—160)-160-(160+ 800;160 —37oj +

12
+(8,40—1)-2826-(720—370)* =12,80-10° mm* V]
| 12,80-10°
M =M__ =f, —L =242.-2 — 72kNm 4
» | crack ctd h—X, 300 — 370
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Reinforced Concrete Structures

Mcrack 72 '106 9
O, = X, = -370:2,1ON/mm
» o T 1280108
O 2,10
=== =0,088
> < E., 23800 i
Mcrack 72 -106
= , = . . d _ X — 8,40 .
» Os,) =O0s2lne =& II ( I) 12.80 .109
os; 16,50
=Es120ne = = =0,083¢
» ‘9s,l 88,/,2//[’)6 Es 200000 AO
®  Ositine = Morao (d+D+Ay, —x;)=840-
Os1ine 18,40
¢ e =g = =0,0929
gs,l,1llne ES 200000 AO
@ T30 =2 Mook (d-D—Ag —x;)=840-
Os | 3line 1 4,60
¢ e =2 = =0,073¢
gs,l,3llne Es 200000 AO

EMAKOM Ltd. Complex Engineering Bureau

(720~ 370)=16,50 N/mm*

72.10°

12.80-10°

72.10°

12.80-10°

Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (3)

V]

(720 + 40— 370) = 18,40 N/mm?

N NN N NK

(720 - 40-370)=14,60 N/mm*

K
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Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (3)

Geometry Deformation, & Normal stress, o
3 Perr =400mm £.; =0088Y, o, =210N/mm’
) N, 5
ZC
d —x; =350 mm 2t Zg i
N, ¢wm - l lzs,ZIine
SERRRY VIOV S lzs,1line
3\ S L.+ s N
0,088 Es13line =Y Os13iine = 14,00 N/ mm®
&
e xC 5 1;70 =0,239-107° ¥, €s..2ine = 0,083 ) O 2ine = 16.50N/mm?
I ES,I,‘IIine - 0!092 %0 O-s,l,1line = 18,40 N/mm2
M) =M eracy = 72KNm g, =f,q IE,q = 242123800 = 0,029, &, =1,y =147 Nimm?
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Reinforced Concrete Structures

Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (4)

Determine the cracking moment of the outlined prefabricated RC *I" cross-section (h = 1200 mm, b= 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 16825, the auxalary (compressed
side) reinforcement consists of 4010+ 8912, B500B! Determine and outline the strain and stress distribution of the

cross-section at the moment of concrete cracking!

b =600mm
N ;H
v=200mm L[] Jsa12 (auxalary)
10 ] 210 (auxalary)
720mm
b, =120mm 1, 210 (auxalary)

h, =280 mm I

EMAKOM Ltd. Complex Engineering Bureau

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, =38 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 = 4010+8012

S ,prov

210

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



Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (4)

» f,=a, Jo 1,00.% = 33,33 N/mm? 4

Ve ,
e f, =030-f,%%=030-40%"% =350N/mm?
® (o005 =070-Fy, =070-350=245N/mm?

3\

N KK

(1,6—@)2,45 — 0,98 N/mm?

((1 6 Lj f
® fynoos=maxil 1000 %L max; 1000
fetko 05 | k 2,45N/mm?

f
M0 ~100- ?—43 =2,00N/mm?

Ve ;
f.q B 33,33

E =
“ 1759, 175

f
fo =26 59 _ 500 Njmm?

Vs 1,00
®  «=E,/E,, =200000/19000 ~10,50

L — 2 45N/mm?

"

fctd =g -

~19000 N/mm?

NN

3y & &

N
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Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (4)

[ k- @=1-25=25mm |
® AD,,=max{d, +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 7
n_ [k

A;f’fj:1200-(20+10+20+40+20+470]:1070mm v]

o d=h—(Cnom+@s+®+Asor+®+

» AI:b'hb+beff'V+bw'(h—v_hb)+(a_1)'As,prov: \/I

= 280280 + 600 - 200+ 120 - (1200 — 200 — 280) + (10,50 —1)- 7856 = 0,359 - 10° mm?

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



Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (4)

. h h—v—h
O SX:beﬁ-v-%+(b-hb)-( —7"]+bw-(h—v—hb)-(v+ > b]+(a—1)-As’pmv-d:

=600-200-2—(2)0+(280-280)-(1200—2—20j+120-(1200—200—280)-[200+1200_200_280j+
+(105-1)- 78561070 =0,223-10° mm° 71
' 9
» X S, _023.10° _ . -

" A 0359-108
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Topic 13. — Uncracked state of stress — |. state of stress

Reinforced Concrete Structures

Example: Analysis of the RC cross-section in the uncracked state of stress (4)

3 2 3 2
0 /,:beff d +beﬁ-v.(%—x,j +hb12b+b-hb-(h—h7b—x,j

h—v—h,) b, h—v—h :
( 12b) +(h_v_hb)'bw'(v+ b_XI) +(a_1)'As,Prov'(d_Xl)2:
:600-2003 280

2 3 2
200 ) +280 '280+280-280-(1200—T—621] +

+600-200-(T—621

; 2
, (1200200 -280)" 120 +(1200—200—280)-120-(200+1200_200_280—621) +

12
+(10,5—1)-7856- (1070 —621)* = 52,60-10° mm* vl
/ 52,60-10°
My =My =Foy - —— =200 = =182kNm
» l crack ctd h—X, 1200 — 621 \/I

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 uncracked state of stress (4)

Moaok . _ 182.-10°

_ _ .621=215N/mm?
» o L 5260100
o, 215
=& ~0,1130
¥ L= E = 9000 0
M 182-10° )
» o, = —%% . (d-x,)=1050- .(1070-621)=16,30N/mm
s,/ II ( I) 52,60-109 ( )
Gs[ 16,31
=S —0,0820
» e E, 200000 o

4 2
0871’4””6 = 13,00 N/mm

O-s,l,3line = 15,20 N/mm2

. -

Gs,l,2line = 17,40 N/mm2

 Tsine = 1960 N/mm?

EMAKOM Ltd. Complex Engineering Bureau

~
Es ) 4line = 0965%0
€s.13line = 0’076%0
€l 2line = 0,087%0

Eslline = 0’098%0 .

Topic 13. — Uncracked state of stress — |. state of stress

V]

V]
V]
V]

K
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Reinforced Concrete Structures Topic 13. — Uncracked state of stress — |. state of stress

Example: Analysis of the RC cross-section in the uncracked state of stress (4)

Geometry Deformation, & Normal stress, o
ber =600mm )
. A g, =0113%, 5 =2,15N/mm
v=200mm 5T W T S -0 .
N — c
& Ki | x, =621mm Zc
20mm _N ----- Zs 4sor
b, =120mm ¢ ZtI s,3sor
- i -3 h—x/=579mmld‘x':449m”‘ 4—\
h, =280mm- e e . =W
b=280mm N
P &s,14iine = 0,065 % Y Oy aime = 1300N/mm?
€s.,31e = 0,076 g O 3ine = 19,20 N/mm?
K| = fos Q0o 0,182-107° ¥ _ su2ine = 0,087 Dt G5 .2ine = 1740N/mm?
5 NG &sine = 0,098 X5 O ine = 1980N/mm*
M; =Mz =182kNm g =Fyq 1 E.y =2,00/19000=0,105%, oy =fq =2,00N/mm?
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Reinforced Concrete Structures

Topic 13. — Uncracked state of stress — |. state of stress

Reinforced Concrete
(RC) Structures

Topic 13.

’ _ Uncracked state of stress - I. state of stress
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