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¢,Lo que se Whitetopping Ultradelgado?
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¢Por quée emplear losas de hormigon como
superposicion en pawmentos de asfalto
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¢Por qué emplear losas de hormigon como
superposicion en pavimentos de asfalto
Viejos?

325
Ia(O)a!
s

~ /

& M

tAnica il Pavimantos

AN NS

Bernucci et al, 2006



¢, Por que enlace a la capa de asfalto se
requiere?

Not bonded HMA
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Neutral
axis

Situacion tipica de Losa de Hormigon non adherente
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¢, Por que enlace a la capa de asfalto se

requiere?

Bonded HMA
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Efecto de la interface adherida en las tensiones

7 ] J—
A Concrete Load = 40 kN
Slab thickness = 100 mm
€ 5 HMA thickness =100 mm
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Efecto de losas cortas sobre la distribucidén de

presion
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Los estudios de campo en Brasil

1997

SP 280 - Sao Paulo SP
DOT - Brazilian PCA

1999 -

Parada de bus en la -
USP Caf O L CC L
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1997 UTW

SP-280
Highway

Brazilian PCA N
and SP-DOT \S)
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Construction of the Experimental UTW

UTW Design:

6 sections

546 m long
(Brazilian PCA)

Existing pavement structure:

o

S 3

\..
Va!

HMA : 180 to 200 mm (1,200 MPa - cracked) (SF

Soil-cement base (30 years old) 7100 mm (300 MPa)
Lateritic Sand soil (200 MPa) ACLLLLLLLLREELELLL LR LLEEER
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Construction of the Experimental UTW

UTW Milled Joint
thickness thickness spacing
(mm) (mm) (M)

80 7,9 ~ 1,15
80 7,5 ~ 0,80
80 8,2 ~ 0,65
9,5 ~ 1,625
9,5 ~ 1,15
9,4 ~ 0,80
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Construction of the Experimental UTW
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Monitoring the Experimental UTW

Section C1

external
%
Cra —#— central external
ck A central

—¢— central interna
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Days after opening to traffic



(x10°mm)

Monitoring the Experimental UTW

(mm)
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Monitoring the Experimental UTW

Weight in motion

10 a &>

Frequency (%)
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Predicting Flexural Stresses on UTW

FEM

Program ISLAB 2000

T
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Monitoring the Experimental UTW

—o— AASHTO —m— After SP-280 tests



Main Findings

MR 3.34

N =29,745 x| —

1.E+05
Cycles to failure

—ARE Model — —RISC Model HSC model (present study)

T
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Main Findings
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Working joint to Brazilian Cement Industry
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Fatigue experimental study for the HSC

The same HSC of UTW

field experiment

Constant stresses test

Variable stress tests
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Fatigue experimental study for the HSC

Results for
constant
stresses

log N = 14,13 - 12,41 SSR
R>=0,96

0,65 |
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Fatigue experimental study for the HSC

SSR

0.39
0.44
0.49
0.55
0.59

Test 1
52,674
65,172
52,638
53,010
25,452

Total cycles to failure

Test 2
52,674
65,172
52,638
53,010
25,452

Test 3
52,674
65,172
52,638
53,010
25,452

Test 4
52,674
65,172
52,638
53,010
25,452

Test 5
52,674
65,172
52,638
53,010
25,452

Test 6
52.674
65.172
52.638
53.010
25.452

0.62
0.65
0.68
0.71
0.74
0.76
0.78
0.80
0.81
Total

103,830
242,820
157,122
43,530
9,250
7,000
5,850
2,400
1,250
821,998

103,830
242,820
157,122
45,924
9,990
7,000
5,850
2,400
1,250
825,132

103,830 103,830 103,830 103.830
242,820 242,820 242,820 242.820
157,122 157,122 157,122 157.122
45,924 45,924 45,924 45.924
10,200 11,070 11,070 11.070
7,000 7,130 8,394 8.394
5,850 5,850 6,966 6.966
2,400 2,400 2,856 2.856
1,250 1,250 1,420 1.450
825,342 826,342 829,348 829,378 -

Variable stresses simulated acco
events predicted by.JL
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Fatigue experimental study for the HSC
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Fatigue experimental study for the HSC
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Fatigue experimental study for the HSC

1 7,54
NLaboratory = 29,745 X(SSR)
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1999 UTW
USP Campus

USP and
FAPESP \
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Research Motivations and Targets

Unsucessful first experiment (1997)
Studying Alternative for Buses Corridors
Rule of thin layers of existing HMA

Effects of Tropical Environment

Understanding of HSC for pavement:
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Construction of the Experimental UTW

UTW Design:

Section A: 0.6 x 0.6 m (4.8 m)
SectionB:1.0x 1.0m (5.0 m)
Thickness : 95 mm

Existing pavement structures:

HMA : 50 mm (3,000 MPa) t\
Hydraulic Macadam base -100-mm-{(120 MRa)—

Lateritic Clay soil: (90 MPa){ [ [ [ [{ UL
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Construction of the Experimental UTW

Site:
Bus stop within the USP campus

ADT
110 urban buses + 10 trucks + 500 cars

Construction steps:

Milling HMA — 10/31/1999 f
Instrumentation- 11/01/1999 \
Concrete laying — 11/02/1999 \&F

Opening to traffic — 11/08/1999
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Instrumentation for UTW - Details
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3.80

Mo T8O

o
]

L, 100

i

A2 | A3 A4 | AT | A6 | AT | 43

Al
AT | AI0| ALL| AL | A2| AL4 AIS|ALS

E4

1,00

3.70

A7 | ALS | ALS| A20| AZ1 | AT AZ2| AC4

6

37

e

33

RO

ASS| AZE| A27| AEB| AZI| AJ0| AJL|ATE

Eil

Bz

B13

B4

S

15 4
14,
1

50 30

3.00

3 Parada

de

— Onibus

Cetao
de

controle

L, L30

360
4

4.70

130 470

Rua do Matdo

o BT = 100

ce - Strain Goge

Centro

de
Controle

Laboratdrio ila NMasinica 2 Pavimantos

vy vy b . =
WhER LA I R R T E R R b



Instrumentation for UTW - Details
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Test Pavement Construction Details
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Test Pavement Construction Details
Construction site



Test Pavement Construction Details
The existing HMA (10 mm rut depth)
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Test Pavement Construction Details

Milling and washing the HMA
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Test Pavement Construction Details

Strain-gages instalation
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Test Pavement Construction Details

Thermal-resistors fixing
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Test Pavement Construction Details

Test




Test Pavement Construction Details

Burring strain-gages and thermocouples

S imantos



Test Pavement Construction Details

Finishing HSC surface
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Test Pavement Construction Details

Curing the HSC (3 first days — burlap and water 4 times a day)
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Test Pavement Construction Details

Finishing the HMA lateral slopes (day 4)
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Test Pavement Construction Details
Openned to traffic 8 days latter
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Test Pavement Construction Details

Shrinkage opening after joint sawcut
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Temperatures & Gradients

Maximum Top Temp. (°C) Minimum Top Temp. (°C)
autumn winter spring summerautumn winter spring summer
Max. 29.7 25.4 40.0 48.3 14.3 15.2 20.1 22.8
Min. 26.5 17.3 25.2 38.9 10.2 5.4 16.5 20.3
Average28.0 22.4 33.3 43.1 12.4 11.1 17.9 21.6

Maximum DT (°C) Minimum DT (°C)
autumn winter spring summerautumn winter spring summer
Max. 8.4 7.8 9.4 11.7 -1.3 -1.1 1.7 4.9
Min. 54 2.2 0.4 7.6 -3.1 2.4 -4(2 6 w\ -3.
Average7.4 5.6 6.1 9.6 2.1 -1.8 -2.8 & 2.4
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Temperatures & Gradients

Maximal Bottom Temperatures (°C)
-Interface UTW-HMA-

Season DEVALINIE Nighttime
Fall 20.6 14.5
Winter 16.8 12.9
Spring 27.2 20.
Summer CICHS 24.0

LLCLOCUCCCE UL

Concrete keeps asphalt cool!
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Temperatures & Gradients

Season

Autumn
Winter
Spring
Summer

Autumn
Winter
Spring
Summer

DT (°C) DT/t (°C/mm)

Daytime Gradients

7.4 0.115
5.6 0.10
6.1 0.129
9.6 0.160
Nighttime
3.1 -0.042
2.4 -0.033 \
4.2 0.056 \&°
-3.6 -0.04Y9

i
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Temperatures & Gradients
Ranges for Thermal Differentials in time %

Range for DT Aut Win Spr Sum  Total
Less than —6 °C 0.0 0.0 0.2 0.0 0.1
from -6 to =3 °C 1.1 0.8 4.1 1.0 1.9
from =3to 0°C 49.2 49.7 58.9 59.5 53.3
from Oto 3°C 40.0 37.7 18.9 18.7 30.5
from 3to 6 °C 7.3 6.0 9.4 10.8 7.7
from 6to 9°C 2.4 4.6 5.9 7.8 5.0
More than 9 °C 0.0 1.2 2.6 2.1 .6

i
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Temperatures & Gradients
Measurement of Strains : How do it works ?

Wheatstone Bridge

total R4=
1250

1.0

X7 D). o
10 volts

9
g
A7)
]
9
4
>
2
il
0

El puente de Wheatstone es muy adecuada
también para la medicion de pequeios cambios

El puente de Wheatstone
es un circuito eléctrico
para la comparacion
precisa de las
resistencias. Sir Charles
Wheatstone es famoso de
este dispositivo, pero
nunca afirmo haber
iInventado - sin embargo,
hizo mas que nadie para
Inventar usos para ella,
cuando "encon;%éa
descripcién deldispositivo
en 1843. La primera

de unaresistenciay, por lo tanto, también es

adecuado para medir el cambio de la resistencia ]| LU )
en un medidor de deformacion. “".I?hﬂﬁﬁé‘ii*?ml'i%@éﬁ

scripcion-del puente e(a

LLL

1833.



Temperatures & Gradients

Measurement of Strains : How do it works ?
Strain Gauge

Quarter-bridge strain gauge circuit

Si unatira de metal conductor
se estira, se volvera mas
delgada y mas larga, tanto los
cambios resultantes en un
aumento de la resistencia
eléctrica de extremo a
extremo. A lainversa, si una
tira de metal conductor se
coloca bajo la fuerza de
compresion (sin pandeo),
ampliaray acortar. Si estas
tensiones se mantienen
ri.’?—,TQJ{ILT?i‘?p’?qp _ dentro del limite-elastico de la

Bonded strain gauge uEL T EN ERNITEI N (e LT
gue la tira no se\ﬂéﬁor f

Gauge insensitive ~— Resistance measured permane.n.temente) latira se
to |ateral forces _ between these points puede U a DMOoun
|1 | Elemento de medicion detg
LLLLLT LI Ll

>3 All} ' A O¢
al ‘ﬂfuerm aplicadadédteirsedes
M RERIE i’b?\ de su resistencia.

strain gauge

Compression causes
se

resistance decreas



Temperatures & Gradients
Strains due to thermal variations on slabs

Curling Strains and Thermal Gradients - Center Position - X - Section A -12/22/00 to 12/29/00
1625 -

1600

1575

1550

1525

1500

S

1475

Thermal Gradient (°C)

1450

1425

00 AM
00 PM
00 AM

0PM

00 AM
2:00PM

12:

00 12:00 AM
00 12:00PM

00 1
0012
00 1
00 1
00 1

il
il

12127100 12:00 &M
1212700 12:00PM
1261 2
1261 2

o A
o A
-

2128 )
L ] |

2
r<-Ji
pled |
N |
= |
r<-Ji

124
124
12123
12
1242
1

12
12

—Strain Gage A26 (direction X) .......: Average Thermal Gradient
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Mechanical Responses (Static)

(80 kN rear axle)

Deflection Basins

Distance from Load
0 0,25 05 0,75 1 1,25 15 175 2 2,25 25 205 3

0 w 4 ! ;W —A
5 -

& D\B
N\

5 )

Deflection
(0.01 mm)

—O— Basin on existing AC —0O— Basin for Section A —2&— Basin for Section B



Mechanical Responses (Static)
(80 kN rear axle)
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Mechanical Responses (Static)
(80 kN rear axle)

Stresses accessed through measured

SPEIS
Slab Max. Top Bottom
(MPa) (MPa)
A 26 -2.3 1.9
B 03 -0.4 0.4
B 06 -1.4 not responderg)
B 12 -0.8 0.9 S

i
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Mechanical Responses (Dynamic)
(50 kN front & 80 kN rear)

~___VHS aid for defining axles position during tests

i ‘Y A L ,
"’ . *! ;ll4

f -~ -
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Mechanical Responses (Dynamic)
(50 kN front & 80 kN rear)

PC - Dindmica - A27
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Mechanical Responses (Dynamic)

(50 kN front & 80 kN rear)

Defining the
neutral axis on

slabs: contribution

of thin asphalt
layers ?

175 -

150

PC Dinamica 004 - Grad. Térm. = 0,030 °C/mm

125

100

75

50 —

A A

€ top
I
A _/8 measured
UTW =95 mm Neutral Axis
I NA
€ m r
v easured

€ bottom

4,5

5,0

55
Tempo (s)
SGA26 T(uE)

SGA26 F(uE)

[ O
(O )a

95
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Mechanical Responses (Dynamic)

(50 kN front & 80 kN rear)

a
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Analyzing tests with
ISLAB2000

(licensed by ABCP)
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Mechanical Responses (Dynamic)
(50 kN front & 80 kN rear)

PC Dinamica 004 - Grad. Térm. = 0,030 °C/mm

175

Numerical and

physical results 5 I
says ... " _. —
N O ! = 25 . = o ,I‘ ::.' N

0

-25

Theoretical | Real Position
Slab position (due to v s
(ISLAB2000) | strain gages) | ™me°®

13 ’ = A5 | 63 A26 T(uE) SGA26 F(uE) -
43,72 48,96 Lr
43,72 47,79
43,72 1551 SINATEAAYENTRRUARUR NN NRNARTY
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43’72 47’96 tham:&i& IL: D.E-:.E.E;Eilm l.'l-:l?‘r}\,riLr.L*-En:la?.l
All slabs 43,72 46,91 LI USD. b
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Mechanical Responses (Dynamic)

(50 kN front & 80 kN rear)

simulation of Dynamic test # 002 for slab BE12, bottom, single axle




Mechanical Responses (Dynamic)
Breaking Tests

Slab B29 - Thermal gradient = 0,009 C/imm

Peak of
flexural stress

| | ! Final average

Increased from
15 to 25% de
strains’during

Time {5}
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Pavement Performance

e up to October, 2012
1,5 milion axles (buses + trucks)

 Now-a-days Pavement Condition Index (PCI)

 Section A: ICP =99
 Section B: ICP =100

i
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Main Conclusions

About Thermal Differentials

Daytime (Summer): 12.5°C (at 12 to 13:30)
Night (any season): -2 °C (at 6 to 7h a.m.)

Do not alter between fall and winter nor
between spring and summer

Thermal gradients are two times greater in
summer

Induced stresses by temperatures could be =
-‘Q\

neglected for UTW \\\\y\

Iy
Laboratorio da Macianica 2 Pavimantos
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Main Conclusions

About Load Tests

Little contribution from HMA to act as composite
pavement. Neutral line was not altered!

Therefore a good HSC is unavoidable

Is mandatory to keep bond at UTW / HMA
Interface to avoid movements

Field stresses little than predicted ones

Bus stop is a critical road session concerni\rlg\
breakings =

Ashallibe [

improved as temperature is de@aeaseL B Qﬂga NGnios
seasons v mp.pieusp.be



Further Information on this Research

‘) Taylor & Frances
farernanonal Sowrnal of Pavement Eagincering, Val, 7, No. &, December 2006, 251,260 j pyor b barvok G

Theoretical and field evaluation of interaction between
ultra-thin whitetopping and existing asphalt pavement

DEIVIDI DA S, PEREIRATE, JOSE 1. BALBOZ* and LEV KHAZANOVICHY

TEOOSUL Road Frovate Openatoe Co,, Avesue Famando (sona, 815, Felotms RS 906065 4AX0, Bran]

tEscola Pol gecmdn, Ussvensidale de S20 Pauly, Sao, Paulo SP OGSOR00, Braxnl
YUnrversity of Minnesom, Twin cities, MN, USA

IRecervad 27 Sepsember 2005; recdsad & March J000)

Ultra-thin concrete ovedays or ulira-thin whetetopping (UTW), are @ attactive altemative to
tradhtiooal practices lor the rebabditaion of asphalt pavements. However, 1018 widely acceptad thin the
exting pavement should have subssintial stifTness o make a UT'W a sehsbilitation opton. Thas paper
re-exananes thas hy pothesss using the performance resulls and sructural evalvabon of 1wo expenmental
sections tn Beazil, 1018 shown it st turad contributzon of the existing pavement ss important for good
performance of UTW. Howeyer, it appears that the abality of the exiding pavemnent (o ensure coanpaosite
activn of the mdnvadual Sabs inthe UTW s more smpostant than s contnnbution i the Bexural stiflness

Kevwords: Portlund cement concrete; Ultricthin whitetopping:; Asphall concrete; Fatigue crocking

1. Introduction UTW and AC layers. Milling of the wp portion of the
AC layer 15 recommended:
An ultra-thin whitetopping (UTW) is a Portlund cement e The requirement for the AC laver varies between the




Tendencias Modernas

Concreto Reforzado con
Fibras — CRF para
Losas Delgadas

325
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Fibras empleadas en Pavimentacion en Hormigon

Acero Polipropileno o Sintéticas

http://spanish.alibaba.com

ALLLLLLREERELE LR LERELLE
Laboratario a2 Macinica ila Pavimantos
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http://spanish.alibaba.com/
http://www.fortaferro.com/

Fibras son empleadas el Control de la retraccion plastica

http://propriedadesdoconcreto.blogspot.com.br/
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http://propriedadesdoconcreto.blogspot.com.br/

Fibras son empleadas el Control de la retraccion hidraulica

WW g ! . S
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Fibras de MONOFILAMENTO

FIBRAS DE MONOFILAMENTO muy finas se utilizan generalmente en una
dosificacion tan baja como 1,0 kg por metro cubico de hormigdn para
reducir la formacion de grietas por contraccion plastica antes del
fraguado inicial. Hecho en longitudes cortas de polipropileno son faciles
de agregar y mezclar, y resultar en un acabado de superficie invisible
cercano.

Para reducir la
fisuracion por
retraccion plastica
\ del hormigon las
B~ fibras de
ot monofilamento fino
son_g{s‘g\ga en
conjufeion con el
acero, a tasa de 0,6
kg/m3, teniendo 1,25

| RLLBIS T EpiibngiTyd
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http://www.dmireadymix.com/

Fibras FIBRILADAS

FIBRAS FIBRILADAS o en forma de red-se utilizan generalmente en
concentraciones de 0,9 a 1,8 kg/m3 para reducir el agrietamiento por
contraccion plastica y hidraulica, y actuar como una alternativa viable a

la malla de acero, en muchas aplicaciones. Hecho de polipropileno en
longitudes corto a mediano.

Reducir la

contraccion plastica
y de la temperatura
relacionada con la
formacion de
grietas.

1,5a pat|o

3. OIb\AQu ic

3/4-1- 1/2 "de largo
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http://www.dmireadymix.com/

Fibras MACROSINTETICAS

Las MACRO-FIBRAS SINTETICAS representan la siguiente generacion de
tecnologia sintética, capaz de un nivel de sustitucion mucho mas alto de
refuerzo de acero convencional. La fibra macro maximiza cada una de las
caracteristicas de las fibras que contribuyen a la durabilidad a largo
plazo y el control de grietas. Uso avanzado de co-polimero quimicay una
mezcla de formas de fibra, junto con haces de trenzado y de color gris
especial para asegurar el acabado superficial uniforme de mezclay una
excelente mejor de su tipo Unico macro-sintético puede ser utilizado en
una dosis mucho mas alta (3 a 4,5 kg/m* o mas).

o

o i Reduce la retraccion

‘ : del hormigon
plastico y
endurecido y
relacionadas.co
tem peratu"F}@if‘
Afadir la terracidad

‘ rtamiento—

L A
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http://www.dmireadymix.com/

Diferenciacion entre los tipos de fibras

Fibras estructurales

Fibras no estructurales

Stress (MPa)

T P relnforcech:opcr?t.
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La adicion de fibras provoca aumento de la ductilidad del material

Fibras de Acero :
"Coser" microfissuras
Superposicion de al menos 2 agregados

Construction :
Volume 27, Issue 1, February 2012, Pages 73-77

of reinforeot conbrbleie el LUk ELLLLLLL
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http://www.sciencedirect.com/science/journal/09500618/27/1
http://www.sciencedirect.com/science/journal/09500618/27/1
http://www.sciencedirect.com/science/article/pii/S0950061811004478

La adicion de macro fibras sinteticas también
provoca aumento de la ductilidad del material

acion de actuan
N frente de

propagacion de la grieta

transfterfr el estrés

Moraes, A. (2011) 2nd Int. Conf. On Best Practices for Concrete-RPavements. ISCP; Florianopolis—
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Restricciones para las macro fibras sintéticas

El diametro equivalente debe ser mayor que 0,3 mm (tolerancia de +/-
50%)

La longitud no debe superar los 40 mm (con una tolerancia de +/-5%)
Modulo de elasticidad es mayor que 20.000 MPa

El polimero debe ser resistente a los alcalis: depende del tratamiento
superficial dado por el fabricante

Forma de la fibra: sin restricciones - \
‘:3\\\5
Propiedades térmicas: debe declarar la temperatura de transicion

vitreay descomposicion, y punto de reblandecimiento de ignician

T T

Laboratdrio ila NMasinica 2 Pavimantos
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Efecto en el Hormigdn de las macro fibras sintéticas

35% Hooked End Steel Fiber
Crimped Steel Fiber
ynihetic Fiber

ynthetic Fiber

-E-
o
75}
25}
[a k]
=
—

o
o

15

Beam Deflection (mm) oS
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¢, Qué no hacen las fibras?

Las fibras no causan incremento en la capacidad en traccion o en
compresion del hormigon

Las fibras no causan mejorias en laresistencia a la flexion o
en traccion indirecta en vigas de hormigon

ALLLLLLLLCLLLLELLLLELLLELLLLL
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¢, Cuales son las posibles dimensiones de las
losas de concreto con el uso de las fibras, en
combinacion con el empleo de cemento
expansivo?

La literatura extranjera, en especial la Britanica, nos dice de losas de
20 x 20 m o mismo 30 x 30 m sin agrietamiento de retraccion.

Ia{ O a
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Ensayos de Control
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Métodos de ensayo para Hormigon con Fibras

Representacion
esquematica

I e

Tipo de ensayo closed-loop open-loop open-loop

deflexion de la deformaciéon vertical deformacion vertical
muestra de el piston de el piston

Variable controlada

Geometria e

: . prismatico, 150 x 150 prismatico, 150 x 150 prismatico, 100 x 100
dimensiones de la

X 500 X 500 x 400
muestra
Apoyos / mm 450 450 300\
Resistencias Resistencia @‘ )
. \o— "5
lente (R N2 )
Resultados residuales Terelgclzjilc\:l/:\lden e Rez), Resistencia residual
obtenidos (Rey -5 € Resp), o S e el media YARS) T E
' ; de tenacid
Tenacidad (T;) I(jg@[ﬁ;ﬂ CLLLLLLLLELELELEELLLLD
0/ a

AR AIERE D T ITa e mahnkE
AMERICAN SOCIETY FOR TESTING MATERIALS. ASTM C1609. Standard test method for flexural performance of fiber-reinforced concrelfé}ﬁsihg'be‘a‘ntl \A'n!f‘f thl‘r(’j-pofnt‘Ioa%i'ln%])F’ﬁﬂa%eTp’hla, YOI}G.Q;'J.'; o3
THE JAPAN SOCIETY OF CIVIL ENGINEERS. JSCE-SF4. Method of tests for flexural strength and flexural toughness of steel fiber reinforcbdtbﬂﬂdem@c{&émbtdﬁ{JTJ{'GE'. Part I11-2 Method of tests for steel fiber
reinforced concrete. n. 3, p. 58-61, 1984; iSine )

AMERICAN SOCIETY FOR TESTING MATERIALS. ASTM C1399. Standard test method for obtaining average residual-strength of fiber-reinforced concrete. Philadelphia, 2007.6 p.;



Gracias CORDOBA

¢ PREGUNTAS?




