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THE USE OF WATERPROOFING MEMBRANES
ON CONCRETE BRIDGE DECKS

1. Background

1.1. The precast segmental bridge construction methalimteoduced to Hong Kong in
the late eighties and has subsequently gained aoful Since water may seep
through the joints between segments giving riseawosion of the steel elements,
corrosion protection to the structure is requir&hme bridge designers had chosen to
lay a waterproofing membrane on the concrete britigdx as an added line of defence
against corrosion.

1.2. On some bridges with waterproofing membrane, thehas surfacing suffered
premature deformation shortly after the bridgesenagened to traffic. In November
1998, Highways Department (HyD) commissioned thavehsity of Hong Kong
(HKU) to carry out a study on the problem of premnatdeformation of asphalt
surfacing on concrete bridge decks to which a wab@fing membrane had been
applied. The study report considered that thenvest significant factors causing the
deformation were:

) low adhesion between the waterproofing membranetiamésphalt surfacing;
and

i) moisture saturation in the asphalt surfacing.

It recommended that further laboratory tests ateltsials be performed to verify the

postulation.

1.3. The laboratory tests and site trials recommendetilby were conducted under the
Ngong Shuen Chau Viaduct (NSCV) contract from 2692006. In addition, HyD
carried out further tests and site trials to cdlimore data. The key findings of the
laboratory tests and site trials have confirmedfthéings of the HKU investigation
and indicated that:

) the low adhesion between the waterproofing membrane the asphalt
surfacing could cause premature deformation ifagghalt surfacing is not of
sufficient thickness and the tack coat not propapplied;

i) moisture saturation in the asphalt surfacing cealgse premature deformation
if the asphalt has cracked; and

i) the tack coat between the waterproofing membraxetlad asphalt surfacing
could have been contaminated or damaged at thedinttge construction of
the four bridges

1.4. Based on the above laboratory tests and site t@ads previous successful cases of
waterproofing membrane applications, these Guidatutes are prepared to cover the
choice of waterproofing systems and asphalt surfpanaterials, the adhesion
strengths required between the waterproofing mengbemd asphalt surfacing, and
assessment of the thickness of the asphalt sugfacisuccessful examples of
waterproofing membrane construction methods andocased quality control

1 The four bridges are the West Kowloon Expresswiagl\ict, the Kap Shui Mun Bridge, the Ma Wan Viaduct
and the Ting Kau Bridge.
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2.1.

2.2.

2.3.

2.4.

3.1.

3.2.

measures on site are provided for reference.

Basic Principles of Corrosion Protection Strateqgie$or Concrete Bridge Decks

It is the responsibility of the designer to seldw appropriate corrosion protection
systems for concrete bridge decks, taking into aetthe design of the structure, the
technologies available and the cost benefit ottireosion protection systems adopted.
It should be noted that the use of a waterproofim@nbrane is neither a mandatory
nor a standard requirement for concrete bridge slecklong Kong. Any proposal to
adopt or otherwise a waterproofing membrane systeonld be fully justified by the
designer.

Highways Department Technical Report “Corrosiont&tion of Concrete Bridge

Decks” (RD/TR/039) provides a summary of corrosmotection technologies for

concrete bridge decks and highlights the limitagiohthese technologies, if any. The
designer should make reference to the above Temhmeport and take into

consideration other corrosion protection technasgicurrently available when

determining the corrosion protection systems tadigpted.

In adopting any corrosion protection system, thsigieer should justify its use by
comparing the life cycle costs of alternative systetaking into account both the
capital costs and the recurrent maintenance cwefisiding routine inspections and
repairs that may be required.

The designer shall make reference to Highways Deyeent Technical Circular No.

11/2001 “Running Surfaces of Bridge Decks” whenigleag the running surfaces of
bridges.

Choice of Waterproofing Membrane Systems

If the designer chooses to adopt a waterproofinghbmane system, it should be a
polymer based waterproofing membrane system supllgsrethane or acrylic liquid
membrane systems. These are considered to bedbeatffiective in providing the
required waterproofing properties. For the avoodanof doubt, bituminous
waterproofing systems, such as bitumen emulsiont [ggstems, are not classified as
waterproofing membrane systems for this purpose.

However, polyurethane and acrylic liquid membragsteans have the following

limitations:

- low adhesion with asphalt surfacing that might léagremature deformation of
the surfacing;

- high cost; and

- the waterproofing membrane could be damaged bytrmti®n plant such as
milling machine during pavement maintenance work.

The designer shall fully address these limitatism@n proposing to adopt a polymer

waterproofing membrane system.
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4, Requirement of Polymer Waterproofing Membrane Systm

4.1. Polymer waterproofing membrane systems normallysisbrof four parts as follows
(Figure 1):
- aprimer for bonding the waterproofing membranedocrete bridge deck;
- aliquid applied polyurethane or acrylic liquid memane;
- atack coat for bonding the waterproofing membtante asphalt surfacing; and
- an asphalt surfacing.

4.2. The designer should consider the above four parésmantegral waterproofing system.
The properties of the primer, waterproofing membrdack coat and asphalt surfacing
materials shall be fully evaluated and specifiedhgydesigner.

4.3. The membrane itself shall be tested to meet ali¢jgirements in the current version
of ‘Design Manual for Roads and Bridges, Vol.2, tRet 3, Part 4 - Waterproofing
and Surfacing of Concrete Bridge Dec{®D 47).

4.4. The adhesion between the waterproofing membranettenaoncrete deck shall be
tested in accordance with BD 47 except that thinggsemperature of (-1@) shall
be replaced by () . The average tensile adhesion strehghiall be not less than
1.0 N/mnf and the minimum adhesion strengtshall be 0.7 N/mfm During
construction, the above tensile adhesion strengjladl be verified on site using an
Elcometer Adhesion Tester or products having edemtgdunctions or performance at
ambient temperature.

4.5. The adhesion strengths between the waterproofingnbrene and the asphalt
surfacing shall be tested in accordance with BDex@ept that the asphalt surfacing
mix shall be the same as that used for the permamanks. The tests at temperature
of -10 can be omitted. Based on a refSbiissued by the Transport Research
Laboratory (TRL), the adhesion strengths shall ddpen surfacing thickness for
surface with coarse mixtures as follows:

Surfacing thickness 120mm 120mm 90mm
90mm 60mm
Shear Adhesion Strendgth  |@23 0.30 N/mnt[0.30 N/mnf [0.40 N/mnf
@40 0.10 N/mnf |0.15 N/mnf |0.15 N/mnf
Tensile Bond Strength @23 0.40 N/mnf [0.45 N/mnf |0.50 N/mnd
Table 1 — Minimum adhesion and bond strength reguents (thickness of
friction course is not included in the surfacingckimess).

2 The tensile adhesion strength is the stresslatdaor the sample tested under the Tensile AdineSest as
stipulated in Appendix B of BD47.

3 The minimum adhesion strength is the minimum vaéwerded in the test carried out as mentionedadmmbte
2.

4 The shear adhesion strength is the stress atefddu the sample tested under the Shear Adhesishas
stipulated in Appendix B of BD47.

5 The tensile bond strength is the bond failuretfierspecimen tested under the Tensile Bond Testimsated
in Appendix B of BD47.
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4.6.

4.7.

4.8

The designer shall follow the requirements asedtam Table 1 above. It is worth

noting that in the laboratory tests carried outerritie NSCV contract, most systems
could not meet the strength requirements statedeabd-igures 2 and 3 show the
average shear adhesion strengths and averageet&ositl strengths of the eleven
systems tested at different temperatures respéctivehe shear adhesion strengths
and tensile bond strengths of asphalt surfacingj daiectly on concrete without a

waterproofing membrane is also shown on these tgurés for reference.

Shear adhesion and tensile bond strengths betweeradphalt surfacing and the

concrete bridge deck will vary with the waterprogfimembrane adopted, the tack
coat used and the asphalt surfacing mix desigm.tiHfeosamples to be tested for shear
adhesion and tensile bond strengths, the dimensibnthe concrete blocks and

thickness of the surfacing shall be in accordanite BD 47.

The sample preparation method under the NSCV atntsadescribed below for
reference. A panel was laid on site for sampl@anation. The panel consisted of a
55mm hick concrete base slab at least 3m wide x 20m.lofmye concrete mix,
surface finish and asphalt surfacing material vileeesame as those used for the actual
concrete bridge deck. The polymer waterproofingntme&ane systems were applied on
top of the concrete slab in the same manner athéopermanent works. A 50mm
thick asphalt surfacing was laid on top of the wateofing system on the panel. The
material of this asphalt surfacing was the samehas to be laid on top of the
waterproofing system on the bridge deck. Sampdestdsting were cut from the
panels by saw cutting.

In addition to the laboratory testing of shadhesion and tensile bond strengths in
accordance with BD47, it is recommended that thdopmance of the complete
waterproofing and surfacing system be assessed foyt aize accelerated wheel-
tracking test. The build-up shall comprise the hadp surfacing, waterproofing
material and a 55mirthick concrete slab. Where alternative membramstesys and
surfacing thicknesses are being considered, thadale test should cover the various
combinations. The wheel-tracking device for th& &hall be capable of applying a
standard axle load repeatedly. The test shall dmelucted at a pavement surface
temperature of 55 -60 , which represents the pavement in-service temmerat
during summer in Hong Kong. The wheel trackinggeshall be performed for the
first year designed traffic flow in terms of equmat standard axles. There shall be no
cracking on surface and rut depth shall not betgrethan 13mm. The test and
recommended criteria are summarised as shown ie Pabelow:

Performance Test Recommended Criteria Test Temyerat

Full size accelerated wheglverage rut depth along t55 -60 at pavement surfage
tracking test wheel track not greater tha
13mm @ wheel pass
equivalent to the first ye
designed traffic flow in terms
equivalent standard axles, a
no surface cracking will occur.

Table 2 — failure criteria for thecelerated wheel-tracking test

Before and after the wheel-tracking test tensile bond tests should be carried out in
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4.9

4.10

411

5.2.

5.3.

5.4.

accordance with the surfacing to waterproofing eystnterface tensile bond test as
stipulated in the Appendix B paragraph B4.2(l) @4F. Before the wheel-tracking
test the tensile bond strength should comply with requirement of Table 1, and the
tensile bond strength after the wheel-tracking $éstuld be not less than 70% of the
bond strength before the test.

If the above accelerated test is not perfornaesite trial over a period of oryear
shall be carried out to assess the ability of timdasing to resist early deformation
under real traffic loading. The trial panels sHadl constructed on a road or bridge
section which carries a traffic flow similar to theidge to be constructed. As
recommended by the TRL six tensile bond tests shall be carried out icoetance
with the surfacing to waterproofing system inteefdensile bond test as stipulated in
the Appendix B paragraph B4.2(1) of BD47 before afigtr one year of trafficking.
The tensile bond strengths before trafficking sdazdmply with the requirement of
Table 1, and the mean tensile bond strength atiéficking should be not less than
70% of the mean bond strength before traffickifigne waterproofing system and the
asphalt surfacing shall have satisfactory perfocaavver the trial period of ongar
before they can be used. No cracking and obviodsai deformation should occur
after the trial period.

The designer should review the specificatiohghe various components of the
integral waterproofing system based on the actwatlycts proposed and the test
results above. The review should cover the asphafacing mix design, asphalt
surfacing thickness, tack coat, waterproofing memerand primer to be used for the
actual construction.

Where the performance of an integral wateforg system has been proven in
previous local projects, the tests and site tnay be waived.

Pavement Thickness and Composition

The types of bituminous material and individualdayhickness shall be determined
by the designer in accordance with Highways DepamtnmTechnical Circular No.
11/2001 - “Running Surfaces of Bridge Decks”.

In accordance with the Final Report of the studyRdad Surface Failure on Bridges
in Tropical Areas”, of all the waterproofing / agpthsurfacing systems examined by
HKU in the study referred to in paragraph 1.2, ¢hegstems appeared to function
satisfactorily where the structural layer is atstehOOmm. Conventional regulating
course, base course, wearing course materials mbioations of these asphalt
materials were used in the structural layers o$¢hgystems. Friction course is not
considered as part of the structural layer.

The use of an Additional Protective Layer (APL) Isas red sand asphalt as stated in
BDA47 is not recommended.

If the total thickness of the structural layeresd than 120mm, it is recommended to
overlay the polymer waterproofing membrane withGa# thick layer of asphalt
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5.5.

6.2.

6.3.

6.4.

material which is effectively impermeable or withaav air void content (no more
than 4%). Fine aggregates shall be used for élysr.| Special asphalt materials such
as mastic asphalt or Gussasphalt should be coedidéor this effectively
impermeable layer. Other asphalt surfacing mdseneay be laid on top of this layer.
The compositions of bridge deck surfacing with pody waterproofing membrane are
shown on Figures 4 and 5.

Special asphalt surfacing materials and their m@spe thickness which have been
used successfully with polymer waterproofing membgalocally (on steel deck
bridges) are stated below for reference:

- A 40mm thick mastic asphalt layer on top of polymexterproofing membrane.
The mastic asphalt has bitumen coated stone clgppialled in to form the
running surface of the bridge deck (Figure 6); and

- A 40mm mastic asphalt on top of polymer waterpmogfmembrane. The mastic
asphalt is overlaid by 40mm stone mastic asphaitiwforms the running surface
of the bridge deck (Figure 7).

Site Quality Control

Site trial panels to verify the effectiveness o€ tmethods to construct polymer
waterproofing membrane systems and asphalt sugashall be carried out in
accordance with BD 47.

All construction details such as surface prepanatad concrete bridge decks,
installation of the polymer waterproofing membraystems, application of tack coat,
rolling temperature of asphalt surfacing, etc. $thdae in strict accordance with the
specifications and recommendations stated by theufaeturers and suppliers. Full
time site supervision shall be provided to enshe¢ tworkmanship comply with the
specifications and recommendations.

Tack coat should be uniformly applied on the polymaterproofing membrane.

The tack coat can be contaminated and damagednsyraotion traffic and the paving
machine during laying of the asphalt surfacing (BHoand 2). The time gap between
applying the polymer waterproofing membrane andtdoik coat, and that between
applying the tack coat and the asphalt surfacingulshbe as short as possible to
minimise the possibility of contamination and aerithl damage. No construction
plant/vehicles should be allowed to ride on theyp@r waterproofing membrane and
tack coat surfaces except during the laying of aspurfacing. When the asphalt
surfacing is laid, stone chips trapped at the tygesves of the construction
plant/vehicles may cause damages to the tack codace and the polymer
waterproofing membrane underneath. The contrabimuld give a proposal on how to
prevent the damages, such as using paving machinmted on rails; providing a
protective layer under the wheels, or through reshaf chips at the wheels (if
practical) before riding onto the tack coat surfatésing timber planks for
construction traffic may reduce the extent of damaghe waterproofing membrane
and tack coat surfaces should be cleaned immegliatiglr to the laying of tack coat
and asphalt surfacing respectively. Any damagehéotack coat during construction
should be repaired immediately.

RD/GN/033 The Use of Waterproofing Membranes on Camete Bridge Decks Page 6 of 8



7.1.

7.2

7.3.

7.4.

8.1.

8.2.

9.1.

10.

[1]

[2]

Successful examples of construction method of wamoofing membrane

A polymer waterproofing membrane has been laid esgfally at the Route 3 Tsing Vi
Kwai Chung Sections. A 60mm nominal thickness Biftbsize base course and
40mm nominal thickness 10mm size wearing coursebbkas used as the structurally
effective asphalt layers. A 30mm nominal thicknpslymer modified friction course
is used as the running surface.

Mastic asphalt has been successfully laid on togpobfmer waterproofing membrane
locally. The self-levelling and self-compactingur@ of mastic asphalt can minimize
damage to the waterproofing membrane due to congpact loose coarse aggregates
into the membrane.

In a recent bridge project, standby workers havenldeployed to re-apply the tack
coat during laying of asphalt surfacing when damemgehe tack coat caused by
construction plant was observed.

The wheel of delivery trucks and paving machines ba prevented from running

directly on the tack coat surface by mounting deipvand paving equipment on a rail
system to avoid damage of the tack coat by thetaart®n equipment.

Sub Surface Drainage

Sub-surface drainage should be provided to drasmyamater that have penetrated and
accumulated in the asphalt surfacing. Edge chanoeledge drains should be
installed to collect the water.

Expansion joints on bridge deck should be providath a drainage system in

accordance with BA26 “Expansion Joints for Use ighaay Bridge Decks”.

Enquiries

Any enquiry on these guidance notes can be dirdot¢élde Research & Development
Division of HyD.
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Appendix A

r ASPHALT SURFACING

1

TACK COAT
WATERPROOF ING MEMBRANE
PRIMER
CONCRETE BRIDGE DECK
1
ASPHALT SURFACING
DETAIL A

—— WATERPROOF ING MEMBRANE

DETAIL A
— CONCRETE BRIDGE DECK //,‘\<//F__
L - ]

I ]

Figure 1 — Typical cross section of asphalt sunig@@nd bridge deck waterproofing
membrane on a Concrete Bridge
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Figure 2 — Average shear adhesion strengths ofpmlwaterproofing systems
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Figure 3 — Average tensile bond strengths of polywvaterproofing systems
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Figure 4 — Composition of asphalt surfacing wittustural layer less than 120mm thick
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Figure 5 — Composition of asphalt surfacing witlustural layer
120mm thick or more
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Mastic asphalt with stone chippings rolled
———— onto the surface

Tack coat
[~ ———_  Waterproofing membrane
~——_ Steel deck

40

Figure 6 — Example of special asphalt surfacing@algmer waterproofing system
used in Hong Kong |

|« Stone mastic asphalt

.40

Intermediate layer mastic asphalt
/

L, Tack coat

AC

e e w e s m s = s a_ s

- S i e i i s i Waterproof'ngmembrane

| -« Steel deck

Figure 7 — Example of asphalt surfacing and polywegerproofing system
used in Hong Kong I
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Appendix B

Tack Coat damaged
exposing the blue
waterproofing
membrane

Tack coat
remained intact

Photo 1 — Damage to tack coat by paving machinigllaying of asphalt surfacing

Paving
Machine

Tack coat
remained
intact

Tack Coat damaged
exposing the blue
waterproofing membrane

Area where dust was

brought on top of tack
coat by the wheels of

the paving machine

Photo 2 — Damage and contamination to tack coapdwing machine during laying of asphalt
surfacing.
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Protective layer to avoid
damage to the tack coat
due to the wheels of the
paving machine

Photo 3 -  Laying of mastic asphalt on top of polymwaterproofing membrane on a steel bridge
deck of Shenzhen Western Corridor. To avoid dantagthe tack coat and polymer
waterproofing membrane, the paving machine roda protective layer laid on top of the

tack coat.

Photo 4 —  Damage to the tack coat by the whealeldfery trucks during laying mastic asphalt on a

steel bridge deck of Shenzhen Western Corridor.
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Photo 5—-  The damage to the tack coat was madelgooehpplying tack coat immediately.
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