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Latex-modified concrete (LMC)

Latex-modified concrete (LMC)

“Hydraulic cement and aggregates combined
at the time of mixing with organic polymers
that are dispersed or redispersed in water.”

American Concrete Institute, 548.4 - 11



Historical background

3000 BC, Indus Valley: Natural polymer such as albumen and
rice paste used for mortar in clay brick walls

1923: First patent for a mixture of hydraulic cement and
polymer for use in concrete pavement using natural latex

1930 -1940: Development of mortars and concretes
incorporating natural latex

1932: First patent for mixture of hydraulic cement — polymer
using synthetic latex

1940 - 1960: Development of numerous synthetic polymers



Historical background

1960 - 1980: Research on use of polymers in mortars and
concretes

1956: Use of latex in overlays in USA as protection against
chloride ion penetration

1969: First utilisation of LMC by VDOT for a bridge deck
overlay

1975, London England: First conference “International
Conference on Polymers in Concrete”

1978: FHWA RD-78-35 Report: “Styrene-Butadiene Latex-
Modifiers for Bridge Deck Overlays”

Today—
More than 10,000 LMC overlays have been placed in USA



Historical background - Canada
1970 - 1980: LMC used in Ontario, MTO
1984: Chaudieres Bridge, Hull QC. First LMC application for a
bridge deck overlay in Québec. Public Works Canada.
1985: Transports Québec laboratory evaluation report on LMC
1987: First LMC overlay installed by Transports Québec in St-
Gilles-de-Lotbiniere QC
1990: LMC used in remplacement of over 300 expansion
joints and slab repairs on elevated portion (9 km) of
Metropolitain Blvd, (A40) Montreal QC
1992-2005: LMC overlay St-john’s Harbor Bridge, St-John’s NB
2002: First use of Rapidset© LMC in Quebec for expansion
joints replacement on Pie IX Bridge, Montreal QC
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LMC use in QUEBEC

CONCRETE UTILISATION COMPRESSIVE | CURING TIME FOR
TYPE STRENGTH MEMBRANE
INSTALLATION
15% GU OVERLAYS 72 HOURS 1D WET
DECK REPAIRS 25 MPa @7 D 2 D DRY
TYPE XVI_15 JOINT REPLACEMENT 35+ MPa @ 28D
(1984)
15% HE OVERLAYS 72HOURS | 1D WET
DECK REPAIRS 30 MPa @ 3D 2 D DRY
TYPE XVI_15 JOINT REPLACEMENT 35+ MPa @ 7D
(1990) 35+ MPa @ 28D
15% RSLMC | OVERLAYS 8 HOURS | 4 Hrs WET
DECK REPAIRS 30+MPa @ 1D 4 Hrs DRY
TYPE XVI'15 JOINT REPLACEMENT 35+MPa @ 7D
(2002) 35+ MPa @ 28D
S%TERNARY OVERLAYS 10 DAYS 7D WET
TYPE XV|-5 DECK REPAIRS 25 MPa @7 D 3 D DRY

(1990)

REPROFILE DECK

35+MPa @ 28D




LMC OVERLAYS IN QUEBEC
(Riding surface)

Pont des Chaudieres, Gatineau QC, 1984,

PWGSC GU
Pont St-Gilles-de-Lotbiniere, 1987, MTQ GU
Pont Tle Verte, Laval QC, 1989, City of Laval GU
Rockland InterchangeA40E/A15N, 1991, MTQ. HE
Pont Edouard Paré, Amos, 2008, MTQ GU
Turcot Yard Interchange, Ramp E (partial),
A15S-15S, Montréal, 2010, MTQ GU



LMC OVERLAYS IN QUEBEC
(Riding surface)

e Turcot Yard Interchange, Ramps A, C, D (partial)

Montreal, 2011, MTQ GU
* Pierre Laporte Bridge, Test section,

Quebec City, 2011, MTQ RSLMC
e Turcot Yard Interchange, Ramps A, C, D, E, F

Montreal 2012, MTQ (33,000 M?) GU

* Bonaventure Expressway, Montreal 2012,
PJCCI, (6,000 M?) GU
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Pont des Chaudieres,
Gatineau QC, PWGSC

 1954: Original construction

— Asphalt pavement on concrete deck
— No membrane

e 1984:

— Remove asphalt pavement
— Install LMC overlay

GU



Pont des Chaudieres, Gatineau QC

Compressive strength (MPa)
(CSA 23.2-14 C)

LMC overlay

2009

(25 years)

Air content (%) — Hardened concrete
(ASTM C 457)

LMC overlay

(25 years)

Original concrete

(54 years)

Air void spacing factor (um)
(ASTM C 457)

LMC overlay

(25 years)

Original concrete

(54 years)

Bonding — Pullout (MPa)
(CSA 23.2-6B)

Chloride ions penetration (Coulombs)
(ASTM C 1202 09)

LMC overlay/ original
concrete

LMC overlay

(5 years)
(25 years)

(25 years)
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Diamétre du second rang (mm
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aisseur du béton de réparation est de 50 mm. 3
** La dimension nominale maximale du gros granutat du béton d'origine est de 20 4 28 mm

L'achérence du béton d'origine avec |e béton de réparation est compléte,




DESCRIPTION VISUELLE DES CAROTTES

wé Dar

Epaisseur des matériaux Photographie

3é&ton de cment (mm)
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CabOr Q.P. ne / M yyenne Pauv e)
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* L'épaisseur du baton de réparation est de 50 mm.
™ La dimension nominale maximale du gros granutat du béton d'origine est de 20 4 28 mm.
L'adhérence du béton d'origine aves |e bélon de réparalion es! comphite.

A la surface de la carotte les gros granulats sont en relief et le morier est usé sur une

0 038t do SO mm

rofondeur d'emviron 1,5 mm.




Lt A

)




Pont St-Gilles de Lotbiniere
Route 218

e 1962: Original construction
— Simple span with concrete beams
— Asphalt pavement

e 1987: LMC Overlay

— Remove asphalt pavement
— Install LMC overlay (GU)



Pont St-Gilles de Lotbiniere
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Pont St-Gilles de Lotbiniére,
Route 218, March 2010



illes de Lotbiniere,

Route 218, Mars 2010
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St-Gilles de Lotbiniere 2010

Compressive strength (MPa) LMC overlay 53.9 (23 years)
(CSA 23.2-14 C)
Air content (%) — Hardened concrete LMC overlay 7,2 (23 years)
(ASTM C 457)

Original concrete - -
Air void spacing factor (um) LMC overlay 394 (23 years)
(ASTM C 457)

Original concrete - -
Bonding — Pullout (MPa) LMC overlay/ original 1,3 (23 years)
(CSA 23.2 -6 B) concrete
Chloride ions penetration (Coulombs) LMC overlay 154 (23 years)
(ASTM C 1202 09)
Absorption (%) LMC overlay 1,00 (23 years)
(ASTM C 642)
Permeable voids (%) LMC overlay 5,00 (23 years)

(ASTM C 642)




Metropolitain Blvd, Ramp 40E — 15N,
Montréal, QC

e 1956: Construction
— Deck slab with hollow voids

e 1991: Deck repair
— Install LMC overlay with HE cement



. Métropolitain Blvd, Ramp 40E — 15N,
June 1991 Montreal QC




Metropolitain Blvd, Ramp 40E — 15N,
LMC overlay after 20 years service
April 2011, Montréal QC

"?;4 ek "ﬁ ’-' ﬁ




Meétropolitain Blvd, Ramp 40E — 15N,
Conventionnel concrete deck




Montréal 40E-15N 2011

Compressive strength (MPa) LMC overlay 61,8 (20 years)
(CSA 23.2-14 C)

Air content (%) — Hardened concrete LMC overlay 5,4 (20 years)
(ASTM C 457)

Original concrete N/A N/A

Air void spacing factor (um) LMC overlay 224 (20 years)
(ASTM C 457)

Original concrete

Bonding — Pullout (MPa) LMC overlay/ original
(CSA 23.2 -6 B) concrete N/A

Chloride ions penetration (Coulombs) LMC overlay (20 years)
(ASTM C 1202 09)

Absorption (%) LMC overlay (20 years)
(ASTM C 642)

Permeable voids (%) LMC overlay (20 years)
(ASTM C 642)




Lynnhaven Bridges




Lynnhaven Inlet VA
e 1996 VDOT:

— Construction of 16 overlays with high performance
concretes

— Used 13 concrete mixtures on 2 bridges with 28 simple
spans on route 60 over Lynnhaven Inlet near Virginia
Beach VA

* Project objectives

— Evaluate and validate over time the performance of
concrete overlays for bonding, chloride permeability,
chloride content, skid resistance as well as establish a cost
comparison for each mixture used

e Field tests and measurements were performed in
1996, 1999 and 2006



Plan View of Alternative Overlays

g ROUTE 60 OVER LYNNHAVEN INLET

» » v »
V! | | SRR JCRON-tated YO DR S DI
s |

F: 13% SF, 15% FA J 40% S
B: 5% SF, 35% S G: 7% SF, RCI K: 7% SF, CQl
5t X 8t H: 7% SF, ACI, A L: 7% SF, POF
H*: 7% SF, ACI M: 7% SF, SF
I: 7% SF, DCI, P N: 7% SF, PPF
I*: 7% SF, DCI

Reference: Michael Sprinkel, Virginia Transportation Research Council



Overlay Protection Rank, Best @ Top

Permeability

Chloride Content

Diffusion Constant

E2 | 7%SE W14 | LMC E14 | 13%SF, 15%FA
W14 | LMC W24 | 7%SF, STF W14 | LMC

E11 | 7%SF, DCI E5S | 5%SF, 35%S E24 | 7%SF, ACI, A
E14 | 13%SF, 15%FA W5 | 5%SF, 35%S W21 | 7%SF, POF
E8 | 5%SF, 15%FA E8 | 5%SF, 15%FA W24 | 7%SF, STF
E24 | 7%SF, ACI, A E14 | 13%SF, 15%FA W5 | 5%SF, 35%S
E18 | 7%SF, DCI E2 | 7%SF ES | 5%SF, 35%S
E27 | 7%SF, DCI, P E24 | 7%SF, ACI, A E8 | 5%SF, 15%FA
E5 | 5%SF, 35%S W27 | 7%SF, PPF W8 | 5%SF, 15%FA

Référence: Michael Sprinkel, Virginia Transportation Research Council




Depth (inches)

Overlay Chloride lon Profiles, WBL

Chloride Concentration (Ibs/cy)
0.000 2.000 4.000 6.000 8.000 10.000
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Reference: Michael Sprinkel, Virginia Transportation Research Council



Route 60 Lynnhaven Inlet VA

Compressive strength (MPa) LMC overlay N/A N/A
(ASTM C 39)

Air content (%) — Hardened concrete LMC overlay N/A N/A
(ASTM C 457)

Air void spacing factor (um) LMC overlay
(ASTM C 457)

Bonding - Pullout (MPa) LMC overlay

Chloride ions penetration (Coulombs) LMC overlay
(ASTM C 1202 09)




Rankin Street Bridge, Windsor ON
2011
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Rankin Street Bridge, Windsor ON

Compressive strength (MPa) LMC overlay 38.8 (27 years)
(CSA 23.2-14 C)
Air content (%) — Hardened concrete LMC overlay 2.4 (27 years)
(ASTM C 457)

Original concrete - -
Air void spacing factor (um) LMC overlay 624 (27 years)
(ASTM C 457)

Original concrete - -
Bonding — Pullout (MPa) LMC overlay/ original 1.31 (27 years)
(CSA 23.2-6B) concrete 1.24 (27 years)
Chloride ions penetration (Coulombs) LMC overlay 249 (27 years)
(ASTM C 1202 09)
Absorption (%) LMC overlay 1.2 (27 years)
(ASTM C 642)
Permeable voids (%) LMC overlay 6.7 (27 years)

(ASTM C 642)




Summary

D0S otbiniere 40 aVvVe B gsor U

Compressive
strength (MPa) 62,2 (25 yrs) 53,9 (23 yrs) 61,8 (20 yrs) N/A 38.8 (27 yrs)

(CSA 23.2-14C)

Hardened air
content (%) 2,0 (25 yrs) 7,2 (23 yrs) 5,4 (20 yrs) N/A 2.4 (27 yrs)

(ASTM C 457)

Air void

distribution 676 (25 yrs) 394 (23 yrs) 224 (20 yrs) N/A 624 (27 yrs)
(Hm)

(ASTM C 457)

Bonding — 1,8 (10 mos)

Pullout (MPa) 2,3 (5 yrs) 1,24 (23 yrs) N/D 2,4 (3 yrs) 1.31 (27 yrs)
(CSA 23.2-6B) | 17  (25yrs) 1,9 (10yrs) | 124 (27 yrs)
Chloride ion 703 (10 mos)

penetration 172 (25 yrs) 154 (23 yrs) 105 (20 yrs) 333 (3 yrs) 249 (27 yrs)
(Coulombs) 130 (10 yrs)

(ASTM C 1202)




Gatineau

QC

St-Gilles de Lothiniéere QC

Montreal QC
40E-15N

Route 60 Rankin
Lynnhaven Inlet VA Br.
Windsor
ON

Chloride

content

(AASHTO

T260) N/A

Absorption

(%) N/A
(ASTM C

642)

Perméable

voids

(%) N/A
(ASTM C

642)

Source BMQ
(QUALITAS)

Depth
(mm)

0-12,5
12,5- 25
25-50
50- 75
75- 100
100- 125

Test #1
(% m.B)

0,1300
0,0370
0,0090
0,0100
0,0100
0,0110

1,0

5,3

MTQ

Test #2
(% m.B)

0,3600
0,1000
0,0420
0,0100
0,0100
0,0100

Depth (% m.B)

(mm)

0-10 0.0659
20-30 0.0033
45-55 0.0042

0,53

1,85

BMQ
(LVM)

Depth (% m.B) Depth

(mm) (MM)
0-12,5 0.1050 0-10 0.20
12,5-25 0,0210 20-30 0.07
25-50 0,0410 40-48 0.11
N/D 1.2
N/D 6.7
VTRC BMQ
(LVM)



Teneur en ions chlorure (%)
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000




Conclusions

Solution for sustainable repairs for bridge
overlays

Can extend the useful life of a bridge deck for 25
years or more

Economical et environmentally friendly for long
term solutions

Excellent resistance to chloride ion
penetration,freeze-thaw durability, scaling

Excellent bonding of LMC to concrete substrate
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