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Capacidade
/ suporte
Cortante
Lajes Bi-Apoiadas
ELLIOTT (2002)
2
= Flexao
L=}
T
m
=
L3
o
Fissuragao
Deformacao
Manuseiof
/ tran=porte
Vao

. Situacdes criticas variando conforme carga aplicada e vio (fonte: Elliott, 2002).
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Capa com armadura passiva
\ g1+02+Q3+Qq

Laje alveolar Laje alveolar
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Mpos.g-.+ge = Mpos,1
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g;=(1,0a2,5kN)
g; =(3,5a 50 kN)

<
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’ Mpos,gs+q = Mpos.2 | Mpos,gs+q = Mpos,2

Esquemas estruturais com os diagramas de momento fletor das duas fases para
dimensionamento de uma laje alveolar com continuidade.
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO (Situacées de Projeto)
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO (Situacées de Projeto — Continuidade)
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO (Preenchimento de Alvéolos)
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO (Preenchimento de Alvéolos)
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO (Preenchimento de Alvéolos)
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO (Efeitos Localizados)

Large diameter voids
to reduce self-weight
> @ [

Chamfer to realise
adequate cover
to steel

Tendon zone

Adopted void former
to realise adequate
cover to steel

Tendon zone
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h > 260 mm (300 mm)

Tension Shear Mechanism
EN1168:2005(2009)

Pesquisas NETPRE 2013-2017
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2505410
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h <200 mm

Flexure Shear Mechanism
NBR14861:2011

Pesquisas NETPRE 2007-2011
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h =200 mm h > 260 mm (300 mm)
Flexure Shear Mechanism Tension Shear Mechanism
Baixa Eficiéncia Melhor Eficiéncia
(NBR14861 - 50%b_, ) (FIB & EN1168 -2/3b_, )
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO EM LAJES ALVEORARES PROTENDIDAS

Alvéolo circu/arjOOOOOOi)OOOOOOOOOOO{\ h <200 mm
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO - Geometria dos Alvéolos

Variacoes das Se¢oes no Projeto

e e W ™ o el ——y =

i Falta de Conformidade na Producéao

e v L il

NETPRE-UFSCar - Ferreira, M.A. (2017)



iipre

0 NBR14861:2011 (NBR6118:2014) — MECANISMO DE CISALHAMENTO EM REGIAO FISSURADA

Vear = Ve + Vpa

Ver =025 forg -k (L2 +40-p) - ) by, -d

N
Vp,l = 0,15 y O-Cp,l y z bW,l -d O-Cp,l = A_p .X

c

Lye = 600 Ly, =141, =850

++% A NORMA BRASILEIRA NAO RECONHECE A PRESENCA DO
MECANISMO DE RUPTURA POR TRAGAO DIAGONAL *xx
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Vea,c = 0,25f:+qk(1,2 + 40p,)b,,d + 0,150, b,,d (3)
The theoretical characteristic shear resistance (calculated with y. = 1,0) can be defined by:

VeRr = Ve + Vo (4)
Where:

Vc,k - 0.25fctko,osk(1,2 [ 40p1)bwd
(5)

According to the EC2 Commentary (2008) apud Marquesi (2014), for the load span from the support
varying between 2,5d < a < 4d, Vpk is given by:

0,150.,b,,d < V,; < 0,240.,b,,d (7)

a;= 0,15 is the minimum value for design according to FIB Bulletin 6

NETPRE-UFSCar - Ferreira, M.A. (2017)



eipre

HCS-01
HCS-02
HCS-03
HCS-04
HCS-05
HCS-06
HCS-07
HCS-08
HCS-09

Slab

H15_6.9
H20_8.12
H20_6.12
H20_6.12
H20_6.12
H20_7.9
H20_5.12
H20_5.12
H20_5.12

Average

Vr,exp

(kN)

134,5
222,4
125,1
163,5
144,5
12357
121,4
120,8
111,9

Vck
(kN)

88,2
114,7
79,9
85,7
83,8
72,4
73,6
73,6
73,6

O
(MPa)

2,9
5,4
5,1
THR
D32
32
3.3
373
333

)

QL J,calc

0,29
0,26
0,26
0,26
0,26
0,35
0,26
0,26
0,26
0,28

2bw
(mm)

464
412
250
269
269
262
320
320
320

——

NETPRE-UFSCar - Ferreira, M.A. (2017)

d
(mm)

115
167
170
175
168
166
165
165
165

Xcp
(mm)

107
143
143
143
143
143
143
143
143

Catoia & Ferreira (2017)

Table 4 — Shear capacity of hollow core slabs for circular voids considering o, obtained experimentally (NETPre-UFSCar)

Lpt2,med

650
650
650
650
650
650
650
650
650

Lo
(mm)

75
75
75
75
75
75
75
1S
75

VRk,med

134
213
137
151
147
122
120
120
120

—

vr,exp

\'Rk.med
1,01
1,04
0,91
1,08
0,99
1,00
1,01
1,01
0,93

1,00
—
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Comprimento de Transmissao (Dedu¢ao de Ensaios)

Coeficiente de tensdo parcial de protensdo

L. L,
Lpt2 1,2Lpt

a; =

Para alvéolos circulares

0,5h hep
=L
7 bt 0,7

L,=1L,+

Onde:

Lx : Distdncia entre a borda do apoio até a proje¢Go da intersegcdo do ponto critico na
linha de ruptura com 359,

Lb:  Comprimento de apoio

Lp!‘.Z = 1,20

NETPRE-UFSCar - Ferreira, M.A. (2017)
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Catoia & Ferreira (2017)

Table 4 — Shear capacity of hollow core slabs for circular voids considering o, obtained experimentally (NETPre-UFSCar)

) 4 )
Slab Viexp Ve Ocp Qicalc | Zbw d Xep | Lptzmed Lb  Vekmea V.
(kN)  (kN) (MPa) (mm) (mm) (mm) (mm) S
Rk,med

HCS-01 H15_6.9 13455 88,2 2.9 0,29 464 115 107 650 75 134 1,01
HCS-02 H20_8.12 222,4 114,7 5,4 0,26 412 167 143 650 75 213 1,04
HCS-03 H20_6.12 125,1 79,9 5,1 0,26 250 170 143 650 75 137 091
HCS-04 H20_6.12 163,5 85,7 5 0,26 269 175 143 650 75 151 1,08
HCS-05 H20_6.12 1445 83,8 3,2 0,26 269 168 143 650 75 147 0,99
HCS-06 H20_7.9 121,7 724 32 0,35 262 166 143 650 75 122 1,00
HCS-07 H20_5.12 1214 73,6 3.3 0,26 320 165 143 650 75 120 1,01
HCS-08 H20_5.12 1208 73,6 323 0,26 320 165 143 65¢ 7S 120 1,01
HCS-09 H20_5.12 1119 73,6 33 0,26 320 165 143 650 75 120 0,93
Average 0,28 1,00

NETPRE-UFSCar - Ferreira, M.A. (2017)
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Comprimento de Transmissao (Protensao Parcial no Apoio)

y considered line of failure

“hee o PONTO CRITICO

considered crops-sections

o =L,/Ly,=L,/(1,2L,,) =L,/(1,259)

L, —is the distance of the considered point on the line of failure from the starting
point of the transmission length (= x)

Reference: PROPOSAL FOR AMENDMENT 3 CEN/TC229/WG1/N. 650bis
EN 1168:2005 Precast concrete products — Hollow core slabs

NETPRE-UFSCar - Ferreira, M.A. (2017)
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Tension Shear Capacity

C

_, Ib, —
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Catoia & Ferreira (2017)
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Comprimento de Transmissao (Protensao Parcial no Apoio)
|

4 . PONTO CRITICO

L,=L,+(h,/07)
o =L./L,=L./(1,2L,,)=L./(1,2/59)

L, —is the distance of the considered point on the line of failure from the starting
point of the transmission length (= x)

Reference: PROPOSAL FOR AMENDMENT 3 CEN/TC229/WG1/N. 650bis
EN 1168:2005 Precast concrete products — Hollow core slabs

NETPRE-UFSCar - Ferreira, M.A. (2017)
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Estudo da Geometria da Secao Transversal - LINDSTRON (2007) — C6-Fib-TG6.1

Height =2
Tfl_top =30 mm
Tfl_bot =30 mm
Bw =45.67 mm

Ne=Ng=2

200 mm
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MACIEL (2017)
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Estudo Numerico da Geometria do Alvéolo - MACIEL (2007) + NETPRE (Chust & Ferreira)

NETPRE-UFSCar - Ferreira, M.A. (2017)
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METODO NUMERICO PARA GERACAO DAS SECOES
O ALVEOLOS CURVOS

N
y=\/1”h'l1—<£> ]i)’203220
. Ty [Lindstrom (2007)]

1 {b—[(n—l)-bwﬁz-bw,e]
T'h—E'

n

} = b= (t 4 )

y4
) ~N>2

y' (€6)

Zcg

1
[Fonte: O autor]

NETPRE-UFSCar - Ferreira, M.A. (2017)
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METODO NUMERICO PARA GERACAO DAS SECOES
O ALVEOLOS POLIGONAIS

Zz—1.)(cr — C .
.C3SZSTU_>3)=( v) (2 1)+C1 zl
(€5 =10) 4, | retaa
-~ N+ | -retab
L-1Cs v y
(z + Cﬁ) ) (Cz — CS)
—C <z<C3—2Yy= f oo C
(CB + 66) o |1,
N\ & —F
J&QL “retac
<z< _(Z+rv)'(C5—C4) . Cs | Cs
_rv = Z = _C6 - y - (—C6 + rv) + C4 Fonte: © autor

NETPRE-UFSCar - Ferreira, M.A. (2017)
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METODO NUMERICO PARA GERACAO DAS SECOES
PROPRIEDADES GEOMETRICAS DOS ALVEOLOS

i,a
=1
S k
a 2 _
ch,a_A_a+rv Iyza_ALa (dt,a) Iya—zlyza
1=1
Z - Z -
5| | 2
>‘| _Ai,a | >
| | Zoji1
e
] i —— LZO,l
di,a - _y
"M==
LS |
- | =
3 3

[Fonte: O autor]
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Alvéolo Curvo

N,=2/N, =2

Alvéolo Curvo
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Alvéolo Misto

Alvéolo Poligonal

N, =3 /C,=Cq= 72,5mm /Cs=112,5mm

C,=C,=C,= 72,5mm / C¢=0 / C,=C5s=112,5mm
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ANALISE DA RESISTENCIA AO CISALHAMENTO EM REGIOES NAO FISSURADAS
CALCULO DA CORTANTE MAXIMA RESISTENTE — PAJARI (2005)
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< Aps Y dx N .
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. 2
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1

[Fonte: Adaptado de PAJARI (2005)]
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ANALISE DA RESISTENCIA AO CISALHAMENTO EM REGIOES NAO FISSURADAS
CALCULO DA CORTANTE MAXIIVIA RESISTENTE — PAJARI (2005)

L zzzzz =
-1 S dpP; P, dpP, 1 b,. 1
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dP, dP, Apely dP dP b 2
Eel_ﬁ =) Xpc * Zpc T *Xpc * Zpc + fet
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dx
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: 2 S : fCt
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MACIEL (2017) — Proposta de Modificacao do Modelo Geral para Resisténcia a Forca Cortante
(Tension Shear Capacity) segundo Pajari & Yang

00 200,0
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MACIEL (2017) — Proposta de Modificacao do Modelo Geral para Resisténcia a Forca Cortante
(Tension Shear Capacity) segundo Pajari & Yang

O 200,0
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MACIEL (2017) — Proposta de Modificacao do Modelo Geral para Resisténcia a Forca Cortante
(Tension Shear Capacity) segundo Pajari & Yang
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PROTENSAC SUPERIOR

[ 483X3,0—Fp=S50kN/CABO

PROTENSAQ INFERIOR
12¢12,7-Fp=124,5kN/CABO

1153
1208 1185
 — A~ ﬂ\ e~ "
/_\_'@ m (—\_ 1= - ’ ] I - ENER - i F\ gt
ﬂl/ ¢\A » 4 M MT j_,_ Hg A N— e N N[ N\ [ N— | ¢ N+ % — ¢!
‘ ERS e = = = 22 = 122 = 1= J""‘" 46l44]| 76 |38] 87 38| &7 |38| 87 (38| 87 |3a| 87 |38] &7 87 |38 76 (44|46
1 L 1245
— 10812.7-Fom118,6k/0ABO L
CORTANTE RESISTENTE (y.= 1,0)
hoomi VR,cal (kN) Vg, R,cal
Protdtipo nominal Vg exp (KN) = o
(mm) (1) (2) Diferenca (1) (2)
Prototipo A 265 233 163,4 172,2 5,4% 1,43 1,35
prototipoB | 260 | (244 ) | 2642 259,7 1,7% |@ 0,94

Prototipo A - Alvéolo Circular (LA02-C-A)
(1) Secdo transversal de projeto

Prototipo B - Alvéolo Misto (LAO5-B)
(2) Secdo transversal real

NETPRE-UFSCar - Ferreira, M.A. (2017)
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___ PROTENSAO SUPERIOR
493X 3,0—Fp=50kN/CABO
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Tension Shear - EC2 Tension Shear - FIB & EN1168:2005

b (improved)
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C
*** PARA LAJES COM ESPESSURA SUPERIOR A 450mm DEVE-SE ¢=0,8 p=0,9

APLICAR FATOR REDUTOR GLOBAL DE 0,9 ***
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Aumentando h_,,, aumenta a resisténcia
a forca cortante (Tension Shear Capacity)

NETPRE-UFSCar - Ferreira, M.A. (2017)
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MECANISMOS DE RESISTENCIA AO CISALHAMENTO (Situacées de Projeto)
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