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REINFORCED CONCRETE I

JUHASZ TAMAS
SECTION GEOMETRY:
FREE SPAN: 1' := 4000
WIDTH OF SUPPORTS: ay = 200 a5 := 200
WIDTH OF SECTION: b := 300
HEIGHT OF SECTION: h := 500
CONCRETE COVER: cg =20
VALUESARE GIVEN IN mm, N AND THEIR COMBINATIONS
ACCIDENTALREBAR 8:= 10
REPLACEMENT:
EFFECTIVE DEPTHS: TENSILE BARS: COMPRESS BARS:
d := min(0.9-h,h — 50) = 450 d':= 50
VNNV AV U VA R
A's
VRN VR UV R A R
As
L2l ! la
4 7
MATERIAL CLASSES: .
ck
C2025 fq=20 ~, =15 f4:= T =13333 fy =29 o:=1
C
. 1.05-E
Ep = 33107 ¢ := 255 E g = W =9760.563 €,,:=035%  fq:=23
t
5008 : : _ : 3
S f =500 gi= 115 fi4:= w_ = 434.783 E := 200-10
S
560 560
€= ———— = 0.493 €0=——" =2111

700 + fyq 700 - g




LOADS:

PERMANENT LOADS:
g =25 Vg.sup = 1.35
LIVE LOADS, IMPOSED LOADS:
qy = 27 Vq = 1.5 Py =03
LOAD COMBINATION FOR ULS ANALYSIS:
PEqd =84 +4dq = 7425
LOAD COMBINATION FOR SLS ANALYSIS
(QUASI PARMANENT COMBINATION):
p
qp
Pap = 8k + Wp-q = 33.1
P PEd
DESIGN VALUES OF EFFECTS:
al + a
LENGTH OF STATIC MODEL: | off = I' + min
LOAD FUNCTION: L(X) = ppq
| leff
REACTIONS: Ry = —~J L(x) dx
2 0
SHEAR FUNCTION:

X
AYAX) = RA— J pEddX
0

” IOS‘R

V X T |
) \o 2100 4200
—2%10°
X
BENDING MOMENT X
FUNCTION: M(x) := J V(x) dx
0
2100 200
~M(x) - 1x10®
~ 2108

84 = Vg.sup &k = 33.75

dq = Vq'dk = 40.5

— =44.579-%

,hj = 4200

R, = 1.559 x 10°

SHEAR (ULS):

5
VEd max = V(0) = 1.559 x 10

BENDING MOMENT (ULS):

l
eff 8
Mgq = M[Tj =1.637 x 10

BENDING MOMENT (SLS):

p
Mgy = —&Mpg = 7.299 x 10’
PEd




BENDING DESIGN

Xg = MEd = xc-b-a-fcd-(d - 7(:

ORIGIN := 1 x. = 102.668
NNVWWAAWW <,

OPTIMAL BENDING MOMENT:
2 £c0 8 8
Mg = £ d -b-a-fcd{l - 7] =3.011 x 10 AM = Mgq — My =-1374 x 10
COMPRESS REINFORCEMENT: _
£ (§;
AM £ .
A’sreq:: — if AM>0 =0 - (vl
' fq(d - d) — e T gt
A X
0 otherwise -
i £ o
TENSILE REINFORCEMENT: b
€c0d
o= [tyq if cd—, > €00 -0
0 if A's.req =0
( e
E.(1.25-€.yd — d') ——— otherwise
s c0
1.25-€(d
Given

X 797.33179382256389671
102.66820617743614829 )*

£ogdboefy+ Al g0
Agreq = |— 1 ifAM >0 = 944.547
. q f d
y
Xe, Dol
otherwise
fyq
APPLIED REINFORCEMENT:
TENSILE:
As.req
@ =16 n := round 4-2— +0.5,0(=5 ¢ := max(20, p)
*TC
COMPRESS: ?
AY
@=10 = fround 404 05,0 if Ay >0 =0
@
0 otherwise
2. 2
nT — Aq proy = =1 = 100531

L LFrALS

Belsd erik

K —

Fo=x.b.ct.l

«—— F-A.o

STIRRUP:

ka =38

A
SPIOV _ 106.433-%

s.req




ALLOWABLE NUMBER OF REBARS IN EACH ROWS

b-2c.+¢)+C—9
ny = (ec* %) - 7.056
¢+

APPLIED NUMBER OF REBARS:

ISTROW: 2ND ROW:
n, = trunc(nl) if np<n = 5 ngp = (n - na) if np<n = 0
n otherwise 0 otherwise
EFFECTIVE DEPTH:

n

. ¢ _f
dprOV.Zh—CC—LPk—?—?-(Lp+C)—6:454

Vo R PN
dpmv = (cc+cpk+ 5 +6j if As.pr0v>0

0 otherwise

VERIFICATION:
(As.prov - A's.prov)'fyd
X¢ prov = =109.273
b-afy
Xc.prov Xc.prov
———— =0.241 PLASTIC — = PLASTIC
prov d prov

EC2 REGULATIONS FOR REINFORCEMENT RATIO:

A + A
py = —i POV 738.9
b'dprov
fctm
Ps] min = max| 0.13%,0.26-— | = 0.151-%
fyk
Psl.max = 47 Psl.max = Psl ~ Pslmin QK
BENDING CAPACITY:
X¢.prov

[ ] _ 8
MRq4 = Xc.prov‘b'o“fcd'(d - j +A s.prov'fyd'(dprov - dprov) = 1728 x 10

Mgy
EFFICIENCY:  |——= — 94.741-%

Mpg




SHEAR DESIGN:
VEd®) = | V(dpoy) if x<d
(—V(dprov)) if x> (1eff - d)
V(x) otherwise

5
VEd.red = V(d) VEdred = 1225 % 10

SHEAR RESISTANCE WITHOUT STIRRUPS:
1

| w

A
_ “'s.prov o 200 ] 2 2
=T k= mln(Z, j Vinin = 0-035-k ™ (fy)
prov prov
1
0.18 3
SHEAR STRENGTH: “Rde = ™M@ w_'k'(loo'pl'fck) Vmin| = 0-195
C
SHEAR RESISTANCE: Vi 4(x) := VRgeb-dproy VRdo(0) = 26611.111

SINCE THE EFFECTIVE DEPTH COULD CHANGE ALONG THE BEAM DUE TO THE CHANGE OF
LONGITUDINAL REINFORCEMENT, Vg4 . IS NOT CONSTANT.

155925 265@.903

— 155925

ti= root(V(x) - VRdc(x),x) =1

DUE TO THE LINEAR SYMMETRIC SHEAR FUNCTION Vg, . CUTS THE BEAM TO TWO PARTS. AT

THE SUPPORTS Vi > Vg . WHILE ALONG THE MIDSECTION Vg < Viy . THEREFORE AT THE

SUPPORTS THE SHEAR REINFORCEMENT IS DESIGNED WHILE THE MIDSECTION IS REINFORCED

WITH THE MINIMUM STIRRUP DENSITY ACCORDING TO THE EC2 REGULATIONS.

tn = leff - 2-t= 1

STRUT RESISTANCE:




1 fek 5
VRdmax = 309 dproy 06| 1=~ g = 4511 10
v
_Edmax 54 5669 REINFORCEABLE SECTION
VRd.max
REQUIRED STRIRRUP DENSITY:
2
Agy = 2 — 100.531 Speq 1= 0.94——= = 144.493
4 VEd.red
REEQUIRED REINFORCEMENT RATIO:
A
Py = — = 0.232.%
Sreq'b
EC2 REGULATIONS:
UPPER BOUND OF SHEAR LOWER BOUND OF
REINFORCEMENT: SHEAR REINFORCEMENT :
£
1 ck
—-0.6-[1 - —]-fcd 0.08- [Ty
2 250 , P min = ——— = 0.072:%
Pw max == = 0.585-% . f1
’ (1 - cos(90))-fyd y
THEREFORE;
A A
Siin =~ = 57.332 Smax] = ——— = 468.321
pw.max'b Pw.min’
MAXIMUM ALLOWABLE
DISTANCE BETWEEN STIRRUPS: Smax2 = 0754, = 3405
Vagyis:
Smax == min(smaxl ’Smax2) = 340.5

LOWER BOUND OF STIRRUP DENSITY ALONG THE BEAM (IT IS TO BE APPLIED WHERE V4 >VEq) :

smax

= 10round
10

Sprov.tn: - O.S,OJ = 340

WHILE AT SUPPORTS

Sprov.A = | Sprov.tn if Sreq ~ Sprov.tn = 140

Sreq .
10-round T -0.5,0 if Smin < sreq < Sprov_tn

"HIBA" otherwise

STIRRUP DENSITY CAN BE REDUCED IN ACCORDANCE WITH THE SHEAR CURVE




LONGITUDINAL REBAR REDUCEMENET, CURTAILMENT:

ANCHORAGE LENGTH (BASIC VALUE):

efoq
Iy g = — = 756.144
4-fig
ANCHORAGE LENGTH (NETTO VALUE):
SMOOTH END: HOOKED END:
lp.net = lb.d Ip.eqk = 0-71p pet = 529.301
MINIMAL ANCHORING:

I min = max(10-9,100,03-1y ) = 226.843

nyomatéki abra eltolasanak mértéke a tébblet huzderé figyelmbevételére:

1
a) = E-O.9-dpr0V =204.3

Ahuzott mennyiség felének elhagyasanak legkorabbi helye:

Dhalf = round(g + 0.4) =3

- P T _
As half ‘= Dhalf’ T 603.186

dpaif = dprov if ng=0 =454

nf = Npalf .

h_cC_LF)I(_E_—'(QP'*'C)_('S if Dpaif > 0y
2 ny ot npgyp

Given

X¢ half = Xc half D0 Ted = Ag half-fyd SOIVE. Xg palf — 63.5636727705695948

Xp half = 05.564

Xc.half 8
MRd half = Xc.half'b'o"fcd'(dhalf B =1.105 x 10

NUMBER OF CUT BARS:

x+al
ny:=1n-Np,f= 2 Mz(x) _ J V) dx
0

Mra(®) = Mpg MRabaltd*) = MR half




- M(x)

~Mgg()

~ MR hatf(®)

- Mz(x)

8
Mgq = 1.637 x 10

1x10%
o 1x10° 210°
~N
—1x10% S
= ~
o
o102




SERVICEABILITY LIMIT STATE DESIGN:

DEFLECTION:
CROSS-SECTIONAL PROPERTIES (INTACT SECTION):
pbi A-A metszet EI:_L{IK &E
: _ R
M| | M E | Ta " FestrexEebx
~L LSy x g el N -
] |,|. e N, [3(h=x) |
| A A 5| N Ferr(h-x)Ecb(h-x)-k-(d-x)-Ec-As
_'?J.__ — £ :__,I_" ——  “ Fs=x(d-x)-Es-As
: —  a=x(h-x) ¢YE.
ES
op = = 20491 _ 7
Eioff qu 7.299 x 10
IDEAL SECTION AREA:

, 5
Ajpi=heb + (o = 1)(Ag proy + A's proy) = 1.696 x 10
NEUTRALAXIS POSITION:

%'hz'b * (O‘E - 1)'(As.prov'dprov * A'S~pr0V'dvpr°V)

X1 = Al = 273.569
i
INERTIA:
3 3
b-x;p b-(h - x
Lyir = 31 + ( 3 - ) + (O‘E - l)'[As.prov'(d - Xil)2 + A's.prov'(XiI - d’prov)z}

9
L= 3.818 x 10

CRACKING MOMENT:
£ Ly
o' Lxil
M=~ XL 489 107
h - XII
MCr

= 67.002-% CRACKED SECTION
qu




CROSS-SECTIONAL PROPERTIES (CRACKED SECTION):

ci=k-x EvuE.

A A-A metszet
| . il
M| | |M x 2 Feetx-Eebx
I o
i 2 X o - '
i | ¥ K,
: A | s P Fe=w(d-x)-Es- A
L ¥y -h H"" £ 4 5 5
| 1 £2=K-(h-x)
Given
Lxi b+ og Ay d 1)Aod
2 i+ A provdproy + (o8 ~ 1) A's prov Tprov (—327.62885369493123555)
X=X = .
Xifpb + g Ag proy + (0 = 1)-A'g proy 190.29939705316096593
ORIGIN := 1 xj;_ = 190.299
NV 1112
3
b (Xin 5 5
Lyinr = 3 + Op A prov’ (d - Xi112> + (OLE - 1)A's.prov'(xill2 - d'prov>
9
STRESS CONTROL:
M M M
.__9p _ o ap _ v ap . -
Og = T xj = 6.682 0= op (dprov - xin) = 189.741 gyi= o — (Xin - dpmv) = 136.926
xill xill xill

REINFORCEMENT REMAINS ELASTIC

DEFORMATIONS ACCORDING TO SS1AND SS2:

INTACT SECTION (SS1):
qu -6 5 pqp'leff4
CURVATURE: k= ———— = 1.958 x 10 DEFLECTION: epi=——— ——— =359
Eceff kil 384 EceprLyir
CRACKED SECTION (SS2):
qu -6 5 pqp'leff4
CURVATURE:  kyj:= ———— =3.598 x 10 ~ DEFLECTION: ei= T ———— = 6611
Ecefr Lin 384 EceprLin

10




COMBINATION FACTOR FOR LONG TERM LOADING:

2
Mr
(=1-05——1| =77.553%

qu
CALCULATED DEFORMATIONS:

epc = |er if Mg > Mg, = 5.935

[C"GH +(1 - C‘)eﬂ otherwise

. —6
Kpe = | K] if MCr > qu =323x10

[C" K+ (1 - C')-I’»I] otherwise

VERIFICATION: lef
Cmax = % =21
®max ~ °EC OK
CRACK WIDTH CONTROL.:
g
REBAR STARIN: egi= — = 0.095-%
ES
fctm
CONCRETE STRAIN BESIDE €ei= = 0.03-%
THE REBARS : Eceff
TENSION STIFFENING:

BETWEEN "A" AND "B" THEORETICAL CRACKS THE TENSILED CONCRETE STIFFENS THE REBARS

EFFECTIVE CONCRETE AREA FOR TENSION STIFFENING:

: X1 h
he eff = ml'{2-5(h ~ dproy)sh - T’E} Acepp = bh opp = 34500
£, A
tm Aceff
Egp =~ = 0.05-% A 8
ES'As.prov

DURABILITY OF LOADS: WS

LONGTERMLOADING  k, = 0.4 | f

STRAIN DIFFERENCE BETWEEN THE CONCRETE AND THE
REBARS: " St max

A€ = ES — kt'ESC — kt'Ec = 0.063-%

MAXIMUM RELATIVE DISTANCE BETWEEN TWO CRACKS:

P-Aceff
Sp max = 34-C, + 0.425-0.8.0.5.——— = 161.344

r.max
s.prov

M

11




COMPUTED CRACK WIDTH:

Wy = Sr.max'Ae =0.102

0.3 > Wi CHECKED

Wk.max = Wk.max

Beton fesziiltség ellenorzése tartos terhelésre:

CHARACTERISTIC LOAD Pear = &k + i = 52
COMBINATION:

Pear’! ?
az ehhez tartoz6 nyomaték: Mgy = —car_eff = 1.147 x 108

Mcar
COMPRESSION STRESSIN g, . i= ———.x.;; = 10.498
CONCRETE: ' Lin

O¢.carmax = 00 =12 ACCEPTABLE

Tsl

12
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