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Concepcao de OAEs pre-
moldadas em concreto

Conceptual Design of Precast
Concrete Bridge Superstructures
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» Concepcao das OAE's pré-moldadas:

Consideracoes e “guia’ sobre o processo de
concepcao

Exemplos segundo as praticas e normas dos
diversos paises.

Solucoes tipicas para uma obra de 150m de
extensao.
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Continuidade de pontes pré-
moldadas em concreto

Precast concrete bridge
continuity over piers

Technical report
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» Continuidade posterior s/ apoios intermediarios:

Critérios de projeto — efeitos em funcao do
tempo:

» Cargas aplicadas em diferentes idades
» fluéncia
* retracao
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Estabilidade lateral de vigas
pre-moldadas

Bulletin

Lateral Stability of
Precast Bridge Girders

Documento em fase
Techwical Repor final de revisao
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» Estabilidade lateral:
Icamento/movimentacao no canteiro
Transporte
Montagem
Critérios de projeto - tolerancias
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CONCRETO DE ULTRA ALTO DESEMPENHO - UHPC

MOTIVACAO — EXPERIENCIA DA MALASIA
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Vigas U — 50m — fabricacao segmentada

Agosto/2023



\

Associagdo Brosileira da Construcéo
Industriolizodo de Concreto

- AbCIC é 6° Simposio ABECE-UNIVERSIDADES — Aplicacdes do UHPC

12

Viga U — 100m — segmentos solidarizados sobre cimbramento metalico
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Viga U — fabricacao dos segmentos
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“Zero” penetracao de cloretos
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O Concreto de Ultra Alto Desempenho
(CUAD ou UHPC):

- Adicao de pos reativos

- Sem agregado graudo

- Baixo fator a/c (~0,25)

- Superplastificantes

- Adicao de fibra metalica
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Resultados:

- Elevada resisténcia a compressao (~200MPa)

- Elevada resisténcia a tracao (~20MPa)

- Concreto muito compacto/baixa permeabilidade
- Baixa retracao hidraulica e fluéncia

- Alta durabilidade

- Menores dimensoes (e peso)

- Reduzido consumo de aco

Agosto/2023
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DIVERSAS APLICACOES

Viga U —vao de 65m, 170ton
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Reduzida permeabilidade
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Consolidacao de elementos pre-moldados
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Sela para cabos em pontes estaladas
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____________________________________________________________________________

Precast Ultra-High
Performance Concrete
Bridge Superstructures

Documento em
Technical report elabOI’a(;glO

Task Group 6.5

=Menth Year=|
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ASPECTOS COBERTOS NO DOCUMENTO

 Producao do material — propriedades do material
fresco

* Propriedades do material endurecido

* Criterios de dimensionamento (ELU, ELS - flexao,
cisalhamento)

 Desafios de producao (volume de betonada,
lancamento do concreto, juntas de concretagem, etc)

 Exemplos

Agosto/2023
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ESTUDO DE TRACOS
1. EUA — projeto do PCI
- 7 diferentes tracos ensaiados

- Especificacao de controles de execucao
- Controles do concreto fresco e endurecido
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Table 3.2-1. Summary of The Developed UHPC Mixtures

+$
Material | UHPC Mixture (lp/yd?)
; 1 2 3 4 | 5 I 6 | 7
Cement | 1500 | 1272 | 1570 | 1,380 14245 1,207 | 1,075
' (Type iy 'ﬁjf’ﬁé"ﬁfj (Type Uy, *"'I:Wﬁ'{tlé"'{'"{ﬁe’ﬁé""fﬁr'ﬁ:’é"l]fﬂ'j""ﬁir’ﬁ:’é """
Typelmy: M) GUL)
SilicaFume | 375 | 318 | 398 | ﬁE:iEi"'"-’""EE’E"'T""%’S’:’:E """"" 340
'E'[I;E:';E:’lé’rﬁéﬁiéi""""'-'-'"""", """ 40— EEEJ""":' """ U ees T EsT
I Material (Limeston (Limeston T (Slag) | (Siag)
5 5 O e | | 5
Sand,lb. | 1655 | 1848 | 1525 | 1522 1904 1637 1,770
Water+ice 277 269 | 339 | 361 240 306 228
High-Range |1 o4 70 59 EEi'.'?""",""'Eij""'f""'ﬁ'f'""", """ 672 |
;;Eﬁger i'"i;ii'r'é'ﬁi]a""tm ' "" asterGl { 'M"'g"g;;g""gg""’i"{gii'g';"m"'g""i:'ﬁféﬁifé'*"{'ﬁféﬁh’fé’""I;'B'EE'F'"'E
; ~150) | enium | gpum | 2040RM). 150) | 150) | Product)
. 7920) | 7920) | | | |
Other | T R £ R 259 | 76 | 68 | 130
"ﬂ"“m'ﬂ”'e (Maste fééi’"'{?’ﬁé’r’ """"""""""" Eﬁﬁf|'ﬁﬁﬁ"'ﬁﬁﬁ:’t’|’ﬁiﬁ'ﬂgﬁg;i§ﬁﬁ
Delvo) © F100) . X90) © 100) | 100) | reZ-60)
'§fé'é'|"ﬁ'tii=j'r""f """ 264 | 2 'ELE""",""'EEE“"T """ E'EEH""',""'."—EEEI"'T""EEE'E"",' """ 266
SO SSNUNUNUUN WSSO WSS S S— S S—— :

?.WIIJ i 0.187 0.184 0.196 0.203 ED’1E'J"' 0176 0.146

_________________________________________________________________________________________________________________________________
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Table 3.2.1.3-1. Minimum Recommended Acceptance Testing Frequencies - Plastic
Properties

Property Test Method Minimum Frequency
Flow ASTM C1856 Each batch
Temperature ASTM C1064 Each batch

First batch per day, whenever test
Density ASTM C138, modified specimens are cast, and whenever a

change in quality is suspected

Table 3.2.1.4-1. Minimum Recommended Acceptance Testing Frequencies - Hardened
Properties

Property Test Method Minimum Frequency

6 cylinders from one batch per day or every
25 yd? whichever is more frequent; test 3
Compressive Strength ASTM C1856 cylinders at prestress release and 3 cylinders
at 26 days (or as defined by the Engineer of
Record in consultation with local producers)

First-Peak (First-Crack) 3 beams from one batch per day per mix
Flexural Strength design. If the volume exceeds 25 yd?, an
Peak (Ultimate) Flexural ASTM C1858 additional 3 beams are requireq_ Test at 26
Strength days (or as defined by the Engineer of
Residual Flexural Record in consultation with local producers)
Strength

Agosto/2023
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Table 3.2-3. UHPC Mixtures Performance
F‘ ty i Targed i UHPC Mixture 40
Prope [ arget* . , . . , . : |
: P ! : 1 2 ¢+ 3 ¢ 4 5 ¢ 6 @ T |
; : i i : ! i : ; 3.5 "2 Tt
i i DT aa Ry .
Lab-cured, ksi | =17.40 [2419 17.90 | 1897 | 16.29 | 18.02 | 17.31 | 18.16 3.0 w,/"
ﬁﬁﬁéﬁ_ﬁ]ﬁi_iiﬁiHHE’E,E""_:_;"’I_?HEIT"“"EETEH_JE":I"?_._E_E"E__:l_Q_._?_E_T_:I_ETE:E"Ji_"":_— """ - T 2 '
ks ; I
ELEFEH'?E"ﬁjf'é't"*'l'E'.l'i'}""':_?"*i'}"ﬁlii}'"“"""-'-'"""""1'- """ - +1933 """ S %2_0 : ﬂm i n
['F. ks 5 | | | T I,
Fi'r?sli'ﬁéé[&"'&'s'i """"""" =150 | 236 | 219 | 196 ;""2'.'i'f]"'}"'i.'i'i"T"Ef’ﬂi" 176 | S5
F'*'é'éu'}&"ifé.i """"""""""" =200 | 247 | 362 347 325 342 362 244 @ °
.............................. SRR SO NN SRR VO SR AU S 1.0
IF'E.‘EIFE, Yo Of first + =125% 105% | 166% + 162% | 154% @ 148% | 170% | 139% |
EFIEEJ_H i i i i | i E Precaster A Precaster B Precaster C
e L I S S HE N R B [ i 05 Precaster D Precaster E (UNL) Precaster E (PCI)
Residual at L/I150, |  275% | 78% | 129%  137% 111% | 110% | 136% & 98% | — Precaster F
-% of first peak i i i - | i | .00
‘ : ’ : 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

'* Target specified at service but measured at 28 days
["* 1 Ksi =6.89 MPa

fck =115 a 167 MPa
fctk =17 a 25 MPa

Net Mid-Span Deflection (in)
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2. Malasia — DURA UHPC
- Especificacao de controles de execucao
- Controles do concreto fresco e endurecido (valores

mMinimos)
Table 3.3-1. Mix design of DURA® UHPC

Ingredient Qty, Kg/m? (1b/vd?)
Cement (CEM I 42.5N) 850 (1433) fck = 150 MPa
Silica fume (Densified, Grade 920) 200 (337) fctk = 8 MPa
Silica sand (0.1 — 1.2mm (0.004 — 0.047 in.)) 1050 (1770)
Superplasticizer (DURA® ADX-2813) 28 (47)
High strength steel fiber (straight) 118 (199) (1.5% by vol.)
Water 170 (287)

Agosto/2023
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3. Espanha — Universidade de Madrid / Acciona
- Controles do concreto fresco e endurecido

Table 3.4-1. Mix design of Acciona HPFRC

Ingredient Qty, Kg/m? (1b/vd?)
Cement 500 (843)

Silica fume 50 (84)

Quartzite sand (0 - 6 mm (0.24 in.)) 978 (1648)

Quartzite coarse (6 - 12 mm (0.24 - 0.47 in.]) 796 (1342)
Superplasticizer (Sikaviscocrete 90 NG) 9(15)

Plasticizer (Sikament 3003 NG) 4 (7]

Steel fiber (BEKAERT 4D Plus 80/60) 80 (135) (1% by vol.)
Water 150 (253)

Agosto/2023
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25
Spanish mix - EN 14651
20
— Lineal
E 15 ——Rigid
= Average
o —— Characteristic
10
5 fck
0
0.0 1.0 2,0 3.0 4,0

CMOD (mm)

Figure 3.4-1. Flexural S5tress versus Crack Mouth Opening Deflection (CMOD) Diagrams
Using Normative UNE-14651 Test

= 120 MPa
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4. Bélgica — ERGON
- Controles do concreto fresco e endurecido

Table 3.5-1. UHPC Mix design From Belgium

Elngredient Qty, Kg/m® (Ibfyd)
Cement CEMT4Z5R B30 (1399)
Eﬁjﬁﬁﬁiﬁﬁiﬁﬁé}""""??’ﬁiiﬁ'fﬂ'.ﬁ'E"i'rifj""""""""""""""""""é’ﬁ'ﬁ'{‘l’ﬂ'ﬁj """"""""" 1
Quartzsand +Dfﬂ5335{555]
Purphyrgydﬁ?zf.{umj """"""" ]
Silicafume +Eulldfrachnn1EE{EEﬂ]
Water """"""""""""""""""""""""""""" T 1
Superplasticizer  Polycarboxylate 30% 24400
"I'ffliiéié[""""""'"""f’ﬁ"ﬁi&h"{ﬂfﬁ'i’ﬁfﬁ " Nmm2in) 790133y *
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'w=Abcic

Associocho Brasileira da Constructo
Industriohzodo de Concreto

6° SimpGsio ABECE-UNIVERSIDADES — Aplicagdes do UHPC

32

- Test | Reference . TestSpecimen, | Series |
| l | mm (in.} _ Number
" 1a. Compressive strength £ . NBNEN12390-3 | Cylinderd=150 | Cl |
i A [ (39).h=300(118) ;
i i NBN EN 12390-3 i Cube 150 (3.9 . c2 i
' 1b. Modulus of elasticity | "NBNEN12390-13 | (Cylinderd=150 | Bl
i | | (5.9).h=300(11.8) j
2. Provision f.u 4-point bending test:  NBNB15-238 | Prism 150x150x600] F1
S | i (59x29x236) | i
" 3. Provision Sigma-crackwidth. | | ; |
__ throughZoptions: | N L |
' 3a Bending tests according to 3- . NEN EN 14651 " Prism 150x150x600 F2 |
. point bending test and i - [5.9x%5.9x23.6) | |
. performance inverse analysis (2] ' . i
"3 Bending tests accordingto 3- | NBN EN 14651 | Prism 100x100x400, | F3
. point bending test for check | - [3.9x3.9x15.8]) |
3cDirecttensile test on cylinders | U Cylinderd=150 | 1
- (performance by means of VUB) | - (3.9). h=300(11.8)

Agosto/2023
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Overview NBN B15-238 - SC1612-F1
150 I I I I I

100 |-

SC1612-P-17
SC1612-P-18
SC1612-P-19
SC1612-P-20
SC1612-P-24
SC1612-P-25

Load [kN]

50 H |

fck = 151 MPa
fctk = 7,3 a 10,7MPa

0 0.5 1 1.5 2 2.5 3 2D 4
Mid-span Deflection [mm]
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DIMENSIONAMENTO A FLEXAO

1. Diagramas tensao x deformacao

2. Critérios de dimensionamento:
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2.1. EUA (PCI)
- ELServico — evitar fissuragéo (e fadiga!)

- ELUltimo
- Elementos secundarios sem armadura
- Elementos com armadura (protendida, desprezar fibras)
- Armadura minima para elementos principais

Agosto/2023
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- Diagrama tensao x deformacao simplificado

Comp.
Stress (ksi) A
0.85 £ |-=——-=—mmemmmmaa :
E.;_ i
1
(L0035
= ! " =
Ten. : 0.003 Comp.
Strain (in\In) Strain (in.\in.)
i 4 03751,
Ten.
Stress (ksi) v
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- Aproximacao para ELU

e
pegtl
L T F S—
ERERT] . Alenir. -||% i JREEY haf T |]'_'|_.'-]'_'|.::'_-I-
Tracao Compressao
(elasto-plastico perfeito) (bloco uniforme)
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2.2. MALASIA
- ELServico

- Baseado na norma Francesa (evitar fissuracéo)

- ELUltimo
- Adequacao Eurocdodigo para concreto convencional
- Diagrama tensao x deformacao analogo ao PCI

Agosto/2023
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- Diagrama tensao x deformacao analogo ao PCI

(desprezar fibras)
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2.3. EUROCODIGOS
- Em preparacao
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EXEMPLOS COMPARADOS

1.Viga | de 76,2m

Dimensionamento segundo:

- PCI
- Eurocode
- Malasia

_II H| r 1] '-: r [,] I_
=0 LOLU M f
| - [ L ~3" [76 mm) asphalt overlay |
"1 r.ll'rlj- r.
| . {
1 L 1 L L 1 L [ Tl L T 9 . :
=, e W o “
(Wi y f i !_
/ 6" (152 mm)
typ.
A\ A AN /' )
& 1 __-" ""\-\._ r, __.-' -.H. ._-_. .\"-\.
—— oy - — — > . -
( ) C ) ( ™ C ) ( ™

4 spaces @ 9°-0" spacing + 4'-3" overhangs = 44'-6"
(4 spaces @ 2.74 m spacing + 1.30 m overhangs = 13.56 m)
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2.Viga U de 70m (segmentada)

Dimensionamento segundo:
- PCI

- Eurocode

- Malasia

Agosto/2023
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DIMENSIONAMENTO AO CISALHAMENTO

1. EUA (PCI)
- Recomendacoes / limitacoes

Resisténcias minimas a compressao e tracao
Dutilidade minima
Espessura minima de alma

Comprimento maximo das fibras

- Dispensa de armadura

Agosto/2023
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- ELUltimo
V, = Ver $H+ Y,

¢ = (=) b,d,cote  (f,, € aresisténcia residual a tragéo na flex&o)

3

V

ﬂ

V. < 0.18f'b,d,

- ELServico

Evitar fissuracao — nao é necessario verificar ELU fadiga
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2. MALASIA

ELUItimo

Via = Vrde + Vids + Vras

Vede =—2 k22 b, h (s armadura, k é funcédo da protens&o)

VefVE k

Fﬂd,f = r‘i.llfl, DTE-:‘E._,F cotb

1 1 Pt
SRas = Ty [, o (w)dw (6.210)
w" = max(w,; 0.3mm) (6.211)
Orar = IS the mean value of the post-cracking strength along the shear

crack of inclination 8, and perpendicular to it.

Ved max = 2.3? E}W.E’fiﬁtﬂllﬁ
c
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6° SimpGsio ABECE-UNIVERSIDADES — Aplicagdes do UHPC

(e 2

&= ADCIC
rasileira da Construcdo
izodo de Concreto

Associacho B
!'\d',s"hj'

3. EUROCODIGOS
- Em preparacao
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6° SimpGsio ABECE-UNIVERSIDADES — Aplicagdes do UHPC

Associocho Brasileira da Constructo
ndustriolizodo de Concreto

B
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EXEMPLOS COMPARADOS
Viga | de 76,2m e Viga U de 70m

Dimensionamento segundo:
- PCI

- Eurocode

- Malasia
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=AbCIC ﬁb 6° Simposio ABECE-UNIVERSIDADES — Aplicacdes do UHPC

a da Construcdo
Ids?olzod d Concreto

OBRIGADO PELA ATENCAO
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