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PREFACE 

FOREWORD 
Ny Srajj" 

Tra11spor1ari011 

Reseorch Board 

A vast storehouse of in fo rmatio n exists on nearly every . uhject of concern to highway 

ad mini strators and eng ineers. Much of this informatio n has resulted from hoth research 

and th e successfu l application of so lutions to the prubkms faced by practitioners in the ir 

daily work. Because prev ious ly there has been no syste matic means for compiling such 

useful in formation and making it avai lable to the entire community . the American Asso

ciation o f State l Iighway and Transportation Offic ials has, through the mechanism of the 

ational Cooperative Highway Research Program. authorized the Transportation Research 

Board to undertake a continu ing proj1.:c:l to search out ;.met to prepare documented report s 

o n current practices in the sub_jcct areas or concern . 

This synthesis series reports on variou~ practices, making specific recommendations 

where appropriate but without the de ta iled direct ions usually found in handbooks or de

sign manuals. Nonetheless. these documents can serve s imilar purposes. for each is a 

compendium of the best knowledge available on those measures fou nd to be the most 

success ful in resolv ing ~pcc ific problems. T he extent to which these reports are useful 

wi ll he tempered by the user's knowledge and experience in the particul ar prohlem area. 

This synthesis w ill be of interest to research, specificati ons. material s. desig n, and 

construction engineers; contract and specification admin istrator~; agency project manag

e rs and staff: and concrete hridge deck construction contractors. This synthesis describes 

the state of the practice with respect to the development and present status of waterproof

ing membranes for rnncrete bridge decks. 

Administrators. eng ineers, and researchers are continually faced with hi g hway prob

le ms on which much information ex ists. e ithe r in the form of reports o r in terms of 

undocumented experience and practice. Unfortunately. thi s in formation often is scattered 

and unevaluated and, as a consequence. in seek ing solut ions. full information on what has 

been learned about a problem frequently is not asscmhled. Cost ly research find ing~ may 

go unused. val uable experience may be overl ooked. and full consideratio n may not be 

g iven to availab le prac tices for solvi ng or all eviating the prohlcm. In an effo rt to correct 

th is si tuation, a continui ng NCHRP project. carried o ut by the Transpo rtation Research 

Board as the research agency. has the o bject ive of reporting on common highway prob

lc111s and synthesizing availab le informatio n. The synthesis reports from thi~ endeavor 

constitute an NCH RP publicat ion series in which various forms of rele vant information 

arc assemhled into s ing le, conc ise doc uments pertaining Lo specific high way problems or 

sets o f c losely related proble ms. 

Th is report of the T ransportation Research Board descri bes the use o f waterproofing 

syste ms appl ied l o new bridge decks and the rehabilitation of de te riorated concrete bridge 

decks. In addition . this synthesis describes current pract ice with regard to method, for 

assess ing the e ffectiveness of membranes. c riteria for use. instal lat ion practices. and fac

tors that affect the performance of wate rproofing systems in new construction and reha

b ilitation. Suggestions fur future research arc also included. 

To develop this synthesis in a comprehensive manner and to e nsure incl usion of 

s ignificant knowledge, the Board ana lyzed available information assembled from numer

ous sources. including a large numbe r o f state highway and transportation departments. 



A topic panel o f experts in th e suhject area was established to g uide the research in 

o rga niz ing and eva luating the coll ected data, and to rt:vit:w the final synthes is report. 

Th is synthesis is an immediate ly useful do<.:ument tha t records practices that were 

acceptahle within the limitations of the knowledge avai lable at the time of its preparation. 

As the processes of advan<.:ement continue, new knowledge can he expected to be added 

to that now at hand. 



3 

8 

19 

44 

53 

CONTENTS 

SUMMARY 

CHAPTER ONE INTRODUCTION 

Background, 3 
Use o f Membranes on Bridge Decks, 3 
Types of l'vlembranes. 5 
Other Components of Waterproofing Syslcms. 6 
Purpose and Scope or Synthesis, 7 

CHAPTER TWO EV /\LUA TION TECHNIQUES 

Introduction, 8 
Laboratory Test Procedures, 8 
Outdoor Exposure Plot Tests, 9 
Evalualing Walerpruufing Systems in the Fie ld, 11 

CHAPTER THREE 

Material s, 19 
Design, 25 
Construction, 28 
Performance, :16 

CHAPTER FOUR 

Design, 44 
Construction. 44 
Performance, 4 7 

WATERPROOFING SYSTEMS IN NEW CONSTRUCTION 

WATERPROOFING SYSTEMS IN BRIDGE DECK REHABILITATION 

CHAPTER FIVE CONCLUSIONS 

56 REFERENCES 

61 GLOSSARY 

62 

66 

APPENDIX A 

APPENDIX B 

SURVEY OF CURRENT PRACl'ICE 

SUMMARY OF RESPONSES TO SURVEY OF CURRENT PRACTICE 



ACKNOWLEDGMENTS 

David G. Manning. Ph.D .. P.E .. Contract Management Office, 
Mi nistry of Transportation. Ontario. Canada. was responsible for 

collection o f the data and preparation of the report. 
Valuable assistance in the preparation of thi s synthesis was 

provided hy the Topic Panel, cons isti ng of Ronald I. f-rascoia, 
Research and Developme nt Supervisor, Verrnont Agency of Trans

portation: Frederick D . Hej l, Engineer nf Materia ls and Construc
tion. Transportation Researc h Board: Jarncs R. Hoblitzell, S truc
tural Engineer. Federal Highway Admini stration; Jame, F. Rush, 

Regional Cons truction Engineer. ew Jersey Department of Trans
portation: Robert Travis, Section Chief. M aintenance Design anti 
Researc h, California Departmen t of Transportation: Y. Paul 

Yirmani. Research Chemist, Federal Highway Admini stration: 

Richard E. Weyers. Professor of Civil Engineering, De partment of 

Civi l Engineering. Virginia Po lytechnic Insti tute and State Uni
versity: and John Wojakowski. Concrete Research Engi neer, Kan

sas Department of Transportation. 

The Princ ipal Investigators responsible for the conduct of th is 
sy nthesis were Sally D. Liff. Manager. Synthesis Studi es. and 
Stephen F. Mahcr, Sen ior Program Officer. T his synthes is was 

edited by Linda S. M ason, assis ted hy Rebecca B. Heaton. 
Scott A. Sabol. Senior Program Officer, Nationa l Cooperative 

Highway Research Program. assisted the NCHRP 20-5 staff and 

the topic pane I. 
Information on c urrent practice was provided by ma ny high

way and transportation agencies. T heir cooperat ion and assistance 
were most he lpful. 

The provision of Fig urcs 15-19 and 2 1-23 by Rona ld I. 
frascoia. Vcrrno nt Agency of Transportation , was a lso most 

helpful. 



WATERPROOFING MEMBRANES FOR 
CONCRETE BRIDGE DECKS 

SUMMARY Waterproofing membranes are used to protect the concrete in a deck slab from frccLe-

thaw induced deterioration and tu protect the embedded re in fo rcement against corrosion. 

States. particularly those in New England. with a long history of membrane use hegan us ing 

memhranes to prevent deterioration of concrete beneath asphalt surfacing. Elsewhere in 

the United States. the use of membranes resu lted largely from a 1972 Federal Highway 

Administration (FHWA) require ment that bridge decks be protected against corrosion. 

Surveys over the past 20 years have shown a sharp decline in the number of agenc ies 

using wate rproofing me mbranes in new construction. ln 1994, 25 percent of state agen

c ies re ported using membranes o n new decks. By contrast. the numbe r of agencies usi ng 

membranes in rehabi litation work has remained about the same for the last 20 years. 

About one-half of the states use me mbranes in deck rehabi litation work. although their 

use may he li mited to specific types of structures. In l 992 (the latest year for which 

fi gures are available), the area of membranes installed in rehabi litation was about six 

times that install ed on new decks. 

Agencies are sharply divided over the merits of waterproofing decks. Reasons given 

for not using membranes include the inability to inspect the top surface of the deck slab, 

poor performance of experi mental installations. and short service life of asphalt overlays . 

Conversely, othe r jurisdictions report that membranes are cust-t::ffective in new construc

tion. especially in rehah ilitation. 

Although membranes provide the waterproofi ng integrity. they arc but one compo

nent o f a complex waterproofing system that includes primers. adhesives, protection board. 

tack coats. and as phall ic surfac ing. The waterproofing system· s performance i dete r

mined hy the complex interaction of material factors. design details. and the quali ty of 

construction. The waterproofi ng integrity of membranes is determined by the bond to the 

deck and the amount of damage to the me mbrane. Even a damaged me mbrane will slow 

the llow of water if it remains well bonded. The bond of the membrane to both the dec k 

slab and the surfacing is essential for the good performance of asphalt surfac ing. A loss 

of bond is often a precursor to cracking. slippage. or break-up of the surfac ing. 

The survey fo r this synthesis identified 22 different proprietary waterproofing prod

ucts used in the United States in I 992. Most of the membranes are pre formed products, 

with the marketplace be ing dominated hy the same three products for almost 20 years. 

The situation in the United States is in marked contrast to Canada where hot-rubberized 

asphalt membranes are used widely. and to Europe where a large number of res in-based 

and bitumen-based liquid me mbranes, as well as sheet membranes, are in use. 



Developments in waterproofing systems have bcrn hampered by the low-bid process 

and hy the absence of pcrformanc.:t: specific.:ations. that genera lly recognize life-cycle 
costs. The lack of a quantitative definition or performance requirements. the absence or 

realistic prequalific.:at ion test procedures. and inadcqua1e qual ity assurance tests arc major 
obstac.: lt:~ to the deve lopment or spcci fi ca1ions. Waterproofing concrete bridge dec.:ks has 

also been a neglected area of research. wit h only one major national study c.:ompletcd 20 

years ago. 
Field slud ies have shown that the perforrnanc.:e of waterproofing systems has been 

extremely variable. Many of the systems installed in the 1970s fa iled after onl y a few 
years service. and some had to be removed before bci ng opened to traffic. More recent 
studies have shown generally ~atisfactory performance, especially by agencies with a 

lengthy experience in installing membranes. Several studies have shown that the thi<.:k
ness or the asphalt surfacing is important in reducing damage lo the rnt:mbranc from both 

traffic loading and thermal effects. 
The app lication of a memhrane will not stop c.:orrosion in an ex isting deck. but may be 

a cost-effective means of extending the life of the deck slab, none1heless. The rid ing 

quality of the deck will be improved and spalling of the concrete delayed. Future corro
sion acti vity is determined by the proportion of salt-contaminated concrete removed and 

the ex tent to which corrosion prod ucts are removed from the reinforcing stee l. In prac.:
tic.:e. corros ion cells wi ll inevi tably develop in a rehabil itated dec.: k slab. 

Research is suggested to examine fie ld performanc.:e. prequalification testing, and 

quality assurance procedures with the objec.:t ivc o r developing a performance spec i fica
tion for waterproofing systems. Further research is a lso suggested in the deve lopmcm of 

methods to invest igate the condi tion o r waterproofing 5ystems in service. 



CHAPTER ONE 

INTRODUCTION 

BACKGROUND 

Premature deterioration of bridge decks was recogni?Cd as a 
,eriuu, problem fur highway agencies in the I 960s (/ ). Inves
tigations at that time identi fied the role of moisture and deicing 
salt s in aggravatin g freeze-thaw deterioration in conc rete and 
initi at ing the corrosion of embedded rein forcement. T hi s led to 
improvements in the quali ty of concrete used in highway strne
lure,. an increase in specified concrete cover. and modifica
tions in quality assurance procedures to ensure the spe1,;i fied 
changes were ach ieved in the field . Some agencies were a l
ready requiring additional pro tection fur bridge deck surfaces. 
Concrete sealers and waterproofing me mbranes with a bi tum i
nous weari ng course were used most w idely. 

As the durability of concrete bridge decks cont inued lo re
ceive considerable auention in research and performance stud
ies, a number or new approaches fur increasing durabil ity . such 
as coated rei nforce ment, concrete overlays, corros ion inhibi
tors, and the u,e of polymers . were introduced in the late I 960s 
and the 1970s (2). T he Federal Highway Administrat ion 
(FHW A) encouraged states to evaluate different protective sys
tems o n an ex perimental basis. T he National Experimental 
Evaluation Program (I EEP) Project No. 12 was initia ted in 
1970 to e ncourage the use of membranes, polymer concrete, 
and dense port land ceme nt concrete. In 1972. FHWA intru
du1,;ed a policy that required application of a dec k protecti ve 
syste m to all structures on the federal-aid system li kely to be 
subjected to potentially damaging applications of deic ing salts. 
This had a dramatic effed on the use of waterproofing mem
branes because states had only a few protective systems from 
which to choose. Products now commonly used, such as ep
oxy-coated rei nforcement, were not avai lable in 1972. The 
market for waterproofi ng membranes expanded as new prod
ucts were introdueed and agencies with no experience in speci
fy ing and constructing membranes began to use them. Several 
agencies init iat1,;d studies into the construction and performance 
of membranes. Much of the I onh American li terature on mem
branes relates tu ,ystems install ed in the early and mid 1970s. 

T here was a lso a s ignifi cant incrca,c during the 1970s in the 
number of bridges requiring rehabil itation, espec ially the need 
to repa ir corrosio n-damaged dec ks. Many o f these bridges had 
been bui lt only a few years earl ie r as part of the interstate high
way network construction. The premature deterio ration was 
the focus of national a ttention and a considerable research ef
fort to identify effective repair methods. However, ensuring 
durabil ity in a struc ture already 1,;untarn in ated by salt is much 
more difficult than providing effective corros ion protection in 
new const ruction. The performance of a rehabili tated structure 
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is influenced strongly by the proportion of chlo ride-contami
nated concrete removed. and the quality of construction, a, well 
as the 1,;huice of the method of rehabi litat ion (2. 3). As in the 
case of new construction. the availabi lity of membranes. their 
re lati vely low cost. and the need for their immediate implemen
tation were major factors in their selection by states that had not 
previously used them. 

There are two principal reason to use a waterproofing mem
brane: to protect the concrete in the deck slab and tu protect the 
reinforcing steel against corrosion (4---6). In deicing areas. bitu
mi nous surfacings should nut be used on decks without a mem
brane, except as a temporary measure to improve ri le quality. 
Bituminous urfacings used on bridge decks in :--Jorth America 
and most of Europe are both porous and permeable. Th is re
sults in salt-laden water being trapped on the deck surface. 
which can initiate corrosion of the reinfor1,;ement and accelerate 
deterioration of the concrete through freeze-thaw action (7-9). 

Add itional reasons for using a waterproofing membrane are to 

prevent dripping on roads below. to avoid un,ightly staining or 

effloresce nce on deck soffits (5). and to delay carbonat ion of 
the concrete (6). 

Waterproofing membranes are also used w idely in other 
types of structures such as parking decks. roofing decks. and 
water-retaining structures. While some of the materials used 
are the same. much of the tec hno logy is not transferable to 
bridge deck . Some o f the most demanding req uirements for 
service on bridge decks are the abil ity to res ist damage from 
paving eq ui pment, hut asphalt. and traffic loading- conditions 
that do no t apply to other structu res. 

USE OF MEMBRANES ON BRIDGE DECKS 

Current Usage 

States that reported using membranes in the survey for this 
synthesis are shown in Figure I. whic h applies to new construc
tion, and Figure 2, which applies to rehabil itation . A copy of 
the survey is given in Appendix A: a deta iled sum mary or re
s ponse can be fo und in Appendix B. Replies to the survey 
were received from 48 states, the District of Co lumbia, and six 
Canadian provinces. For reasons that are unclear. and that can
not be explained adequately by cl imate. mcmbran1,;s have been 
used in the North East for decades. E lsewhere in the United 
S tates, membrane use is sporadi1,;. The geographic distribut ion 
of membrane use illustrates the widely d ivergent viewpoilll with 
respect tu the e ffect iveness and performance of the membranes. 

States are also divided sharply on the merits of plac ing bitu-
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D Nol using membranes 

DJ No response 

FlGURE 1 Stale~ using waterproofing membranes in new 
construction. 

mi nous weari ng surfaces, which is a ma jor factor in determin
ing whether membranes are considered for use. States opposed 
to placing bituminous overlays on decks argue that the overlays 
perform poorly and hide deteriorat ion in the deck slab. Other 
states express satisfaction with the performance of' bitumi nous 
overlays. and ach ieve the same service life on decks as adjacenr 
sections o f' bituminous pavemenl. Some juri sdictions actually 
prefer to use a biwminous surfacing on bridge decks bccau~c or 
dissatisfaction with the riding qua lity and skid resistance of an 
exposed concrete surface (4) . 

The use of membranes is much more widespread in Canada 
than in rhe United States. Al l six (of ten) provinces responding 
to the survey reported using membranes in both new construc
tion and rehabi litation. 

Estimating the quantity of membranes being u~cd by states 
is difficult because not all states responded to the survey and 
others were unable to provide data on quantities installed. Ap
pendix B shows that 58.000 m2 (620,000 ft2 ) of membrane was 
instal led on new decks in the United States in I 992, and 309.000 
m2 (3.330.000 ft2) of membrane was installed in rehabi litation. 
A further 49,000 1112 (530,000 fr2) was insta lled in either new 
construction or rehabil itation. The correspond ing figures for 
Canada were 23.000 m2 (250.000 ft2), 18,000 1112 ( 190.000 ft2) . 

and 95,000 111 2 ( 1.021.000 ft2). respectively. It was e~timated 
that plans called for the installation of 740,000 to 930,000 1112 

(8 to IO million ft2) of membrane on bridge deck~ in the United 
States in I 985 (/0). 

While membrane use has declined from 1986 to 1992, the 
total of 416.000 1112 (4.480,000 ft 2) reported for the United 
States in 1992 underestimates the quantity being used. It also 
represents only applications to state-owned bridges and there 
fore grossly underestimates the total market. There i~ no rea
son to anticipate from the survey responses that the market for 
membranes wil l continue to decline. Whi le five states reported 
declining usage. six estimated that the use of membranes was 
static. and eleven indicated that the use of membranes is in
creasing. 

D Not using membranes 

EJ No response 

FIGURE 2 States using waterproofing membrane~ in reha
bili tation . 

Recent History of Usage 

A number of sur\·cys wi th questions on the w.c of mem
branes have been condul· ted over the past 20 years. The survey 
for thi, ~ynlhcsis. n, well as the one conducted in 1977 for 
NCf-lHP S_rn1hesis of llig/11, ·ar Prac1 ice 57: Durnhilily (!/' Co11-

cre1e Brid1,;e D ecks (2). documented rhe use of membranes in 
new construction and rehab il iwtion. NCIIRP Project 12-32. 
"Evaluation of Bridge Deck Protecti ve Strategics, .. research re
sult s of which were published as NCf-lRP Repol'l 297. exam
ined the use of membranes in new co11struc1ion in 1986 ( / / ). A 
stud y by the Stra1egic Highway Research Program (SHRP). 
··concrete Bridge Protection and Rehabili tation," included a 
survey of rehabil itation techniques in use in 1989 (Chamberli n. 
W.P. , "Summary of the Fie ld Survey Questionnaire, .. unpub
lished report. June 1989). An even earl ier urvcy was under
taken in 1974 as pan of NCHRP Project 12- 1 I. "Waterproof 
Membranes for Protection of Concrete Bridge Decks," a two
phase ~tudy. Research results of Phase I were published as 
NCf-lHP Repon 165 (/2). Although the project' s objectives 
were primarily concerned with the use ot' membranes in new 
construction. it is not clear from the report whether the survey 
responses also included data on the use of membranes in reha
bilitat ion. 

Responses to the five surveys undertaken i11 the period 1974 
to 1994 are summarized in Table I. Only cla1a from state agen
cies are included in the table. Although the number of' re
sponses differed and some incon,istcncics cx i, 1 in individual 
rcspon~cs. several in1erest ing trends emerge. 

During the 20-year period. the number of slates using mem
branes in new construction declined considerably. It should be 
no1ed I hat the figures included the use of membranes as part of 
multi -protection systems. The 1977 and 1986 surveys asked 
agencies lo distinguish between the use of membranes as a 
standard procedure and their use on an cxpcrimenlal basis. 
While the use as a standard procedure remained about the same. 
1he experimenta l use of membranes decreased from 29 to I 5 
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TABLE I 

STATE AGENCY RESPONSES TO VAR IO US SURVI-::YS 001 USE OF MEMBRANES IN DI-::CK CONSTRUCTION 
AN D REHABILITATIO N 

New Construction Rehabilitation 

Membrane use,% 

As a standard, % 

Experimentally,% 

No. of responses 

74 

42 

19772 

69 

40 

29 

48 

19863 

53 

38 

15 

45 

19944 

25 

48 

197?1 

58 

46 

12 

48 

1989 5 

51 

47 

4 

47 

19944 

46 

48 

1 rrom Table I (/ 2). The re po rt does not state explicitly that responses apply only to new construction. 
2 From Table A- I (2). 
3 From Table F-2 (/ /), but including 3 states shown in Table F-4 as making limited use of membranes. 
4 From Appendix B. 
5 From C hambe rlin , W.P. , "Summary of the Field Survey Questionnaire," unpublished report, June 1989. 

percent. Th is is not to imply. however, that the same states 
continued to use membranes as a standard procedure from 1977 
to 1986. Analysis of the individual responses 1·eveals that seven 

states began using membranes as a standard procedure whi le 
eight terminated the ir use. 

The nu mber of states us ing mem branes in rehahil itation has 

also dcclincd , but much less dramatical ly than in new construc
tion. In the 1989 survey, only two states responded that mem

branes were being used experimentally in rehabilitation, indi
cating that most states use membranes in rehabili tation as a 

TAl3LE 2 

PREFERRED PROTECTIVE SYSTEM BY STATE AGEN
C IES IN DEC K CONSTRUCTION AND REI-IAB ILITATION 

Preferred System, % of Responses 

1977 1 19862 

Protective New New 
System Decks3 Rehabi litation 4 Decks5 

Epoxy-coated 
bars 54 82 

Concrete 
overlay 14 61 0 

Membrane 19 25 11 

Others 13 14 7 

1 From (2). 
2 From (/ /). 
3 3 7 states responded. 
4 36 states responded. 
1 45 states responded. 

standard procedure, or not at a ll. Al most one-ha lf o f the states 

respond ing to the latest survey do use membranes in rehabilita
tion (though no t necessarily on a ll decks). representing a majo r 

c hange in the use of membranes over the years. In 1977, many 
more states were using membranes in new construction than 
rehabilita tion . By I 994, the situation had reversed . 

In September 1977, the U.S. General Accounting Office 
(GAO) s urveyed the states and asked for information on the 
preferred methods of deck construction and rehabilitation (2). 

The 1986 survey also asked s tates to indicate the preferred 
method of protection for new decks. The results are summa

rized in Table 2. In 1977, only 19 percent of the respondents 
indicated membranes were the prcfcrrcd protective system on 

new decks (54 percent selected epox y-coated hars), and only I I 

percent selected membranes as the first-cho ice option for the 
repair of decks (61 percent selected concrete overlays). By 

1986, the populari ty o f membranes for use on new decks had 
dropped slightly, but more than 80 percent of the responses 
ind icated a preference for use o f epoxy-coated bars, which ex

plains why the number of agencies us ing membranes in new 
construc tion has declined. However, the rehabi litation fie ld is 

not dominated by one option. and the number of states using 
membranes has remained about the same. 

The data in Tables I and 2 support observations that mem
branes were widely used in the I 970s because states were re
quired by federal polic ies to provide positive deck protection. 

Me mbranes were selected because of their availability and low 
cost, but they were never popular outside of a few areas with a 

long hi story of usage . 

TYPES OF MEMBRANES 

The o rigi nal reason for the use of membranes in several 
jurisdictions was a response to the common experience of dis

covering badly deteriorated concrete concealed beneath bitu-
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rninous overlays (/,8). Attempts to waterproof the concr-ete 
dec k slab surface using concrete sealers such as linseed o il or 
silicone were largely unsuccessfu l. In some cases this led to 
changes in the methods of constructing bare decks (4) and , in 
o thers. to the development of more effective waterproofing bar
riers. The built-up membrane became popu lar in the I 960s 
although other approaches, such as reducing the permeabi lity 
of bituminous pavement through adding asbestos fibers. were 
also in vestigated (/ 3). The concept of waterproofing the bitu
mi nous concrete rather than using a separate membrane has 
been of renewed interest. and a com mercial produc t using poly
me r addi tives in the paving mixture is now available in the 
marketplace (14, I 5). 

The most common type of bui lt-up syste m consisted of lay
ers (usually two) of glass fabric mopped w ith alternate coats o f 
coal-tar pitch e mulsion (/./6). This syste m is still used in Illi
nois and is permitted in Connecticut, hut was discontinued in 
most other places. It was found to be labor intensive and slow 
to construct because of the curing time required for each layer 
(/ 7). Condi t ion surveys also showed evidence of rotting of the 
glass fabric. Oregon permits the use of a different type of bui lt
up system cons isting of a polypropyle ne fabric rolled into a hot 
rubber-asphalt membrane, w hich is made by mixing ground 
rubber and asphalt cement on site. 

During the 1960s, a number of new types of membranes 
became available. Research for NCHRP Reporr 165: Water
proof Membranes JiH Prutection of Concrete Bridge Decks
Lahorarorv Phase was initiated because of the number o f mem
branes in the marketplace. Phase I of the study investigated the 
effecti veness of 147 waterproofi ng systems available at the time 
the work commenced in 1970 (/ 2). Fo llowing laboratory test
ing. fi ve system s were se lected as the most prom ising for de
tailed evaluation under service cond itions . It is not coinciden
tal that all fi ve systems consisted of preformed sheets, which 
will almost certain ly perform better than liquid membranes in 
simple screeni ng tests. All five systems req uired the appli ca
tion of an adhesive to attach the membrane to the deck surface . 

In Phase II of the above-mentioned study, fi eld experience 
w ith these systems showed that install ation was labor intensive 
and difficu lt. Blisters were common. large sheets were un 
wieldy in windy conditions, and performance was extre mely 
vulnerable to the quality of workmanship, especially at critical 
locations such as curbs, expansion joints, and deck drains ( / 8). 
The sel !'-adhes ive preformed membranes in use today were de
veloped to overcome the high costs and difficult ies in install ing 
the sheet membranes used in the early and mid I 970s. 

The surveys carried out in May 1986 for NCHRP Report 
297: Evaluation r~f Bridge Deck Protective Strategies and for 
thi s synthesis showed a definite preference fo r the use of pre
formed me mbranes. Responses to the 1986 survey, which dealt 
only w ith new construction, showed that 11 states were using 
preformed membranes, four were using liquid membranes, and 
one was using both. Figures from the current survey were 
s imilar: 14 states use preformed membranes, and five use pre
form ed and liq uid membranes. Of the three remaining states, 
one uses a bui lt-u p system exclusive ly. one permits the built-up 
system as an alternative to preformed membranes, and the other 
permits the use of bui lt-up, preformed, and liquid systems. 

Despite the popularity of preformed memhranes, some ju
risdictions prefer to use liquid membranes, and more so in 
Canada than the United States . The most com mon liquid mem
brane in North America is a hot-appl ied rubheri zed asphalt, 
which has been in use since the early 1970s. Liquid mem
branes based on polyme r resins are common in Europe but the ir 
use in North America has been very li mited. On ly Oregon and 
A lberta reported using resin-based liquid membranes. 

A classification of the materia ls used in membranes and a 
more complete d iscussion of the effect of material characteri s
tics on performance arc g iven in Chapter 3. 

OTHER COMPONENTS OF WATERPROOFING SYSTEMS 

W aterproofing membranes cannot be used by themse lves
other components must be used to protect the me mbrane and. in 
many cases, to improve adhesion of the membrane to the deck 
a nd the surfac ing. Th is means that the membrane is only one 
component of a waterproofing system that may consist of sev
eral components (see Figure 3). The characteristics and rea
sons for using the various components are sum marized next. 

Primers 

Prime rs are used to penetrate and coat the concrete deck 
surface to improve adhesion of the membrane to the deck slab. 
In the past, primers were usuall y bitumen d issolved in an or
ganic solvent but. due to e nvironmental and safety reasons, 
these have been largely replaced by emul sions. Synthetic rub
ber, someti mes com bined with a resin and disso lved in a sol
vent, is used as a primer with some proprietary sheet mem
branes. Resinous primers are norma ll y used with resin-based 
liquid systems. 

surface course of 
bituminous concrete 

tack coat 

protection 
board 

membrane 

•.••.• : : •-' .• ::::. •= :. •-==•===-=~:.::•.•· .-_:. ,f ~;;::::: 
:;i -_primer 

:.o·.:: .~:::.. 

.' 0 

\ concrete deck slab 

0 

FIGl..iRE 3 Schematic of possible components of a water
proofi ng system. 



Adhesives 

Some ~hect systems require a separate adhesive to bond the 
mc111branc to the <leek. The most common adhesive is ox idized 
biwmen. wh ich is sometimes modified by the addition of poly
mers. Many o r the proprietary sheet membranes ha ve a ,e lf
adhcsivc, pressure-sensitive. bitu minous backing . 

Ventilating Layers 

In , ituations where bli stering is anticipated. a ventilating 
layer may be used between the deck surface and the membrane 
to dissipate vapor pressures. This layer may cons ist of a thin 
li ft of sand aspha lt (nominally 13 mm or 0.5 in. thick). which 
also ,erves as a levelling course on rough deck surfaces, or a 
perfora ted sheet of prefabricated material. which is usually felt 
or other non-woven fabric . Although ventila ting layers have 
been used in Europe (5, 19.20). they have been scarcely used in 
North Ame rica. 

Protection Board 

Protectio n board. typicall y consist ing o r a sandwich or a,
phalt an <l mineral fil ler between layers of asphalt-impregnated 
fe lt. is sometimes used between the membram: and the bitumi
nous surfacing. Alternatively. a sing le layer of fe lt (oft e n roof
ing felt ) ha, been u,cd. 

The primary purpose o f protect ion board is to prevent dam
age to the membrane from construction equ ipme nt. It also 
serves to protect the me mbrane again, t penetration by large 
aggregate partic les under traffic loading once the dec k is open 
to traffic. Protection board is often used in co njunction w ith 
liquid membranes, but rarely with preformed systems. 

Tack Coats 

A tack coat may be used to improve adhesion between the 
me mbrane (or protection board) and the s urfacing. The binder 
content of bitu minous surfac ings is too low to ··wet"' the contact 
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surface. Aspha lt cmul,ions have typi call y been used becau,c 
most membrane, are damaged by organic solvents. 

Bituminous Surfacings 

While some age ncies use onl y a single protecti ve layer of 
bituminous concrete over nH;rnbranes. two layers are more com
mon. The bottom laye r is known as the hase course. and the 
,econ<l layer as the , urface or wearing course. In the Un ited 
Kingdom and in the , late of lllinoi,. a layer or sand asphalt is 
used to protect the membrane from damage du ring applicati on 
o f the base eour,c. 

Except for resinous primers and some modest bene fi ts from 
unpuncture<l protection board. the membrane is the on ly com
ponent o f the waterproofing system that contribu te, Lo the wa
terproofing integrity of the system (9). However. it is the com
plex interaction of all the components that determines the 
waterproofing system·s performance. Factors affecting the per
formance of waterproofing syste ms are described in detai l in 
C hapter 1. 

PURPOSE AND SCOPE OF SYNTHESIS 

Waterproofing membranes ha ve been used for many years 
to prevent cle1eriora1 ion nf concrete bridge <leeks. but wi th 
mixed succe,,. Some states have had good ex perience with 
membrane,. while adjacent , tates will not use them. and some 
state, have had a mi xture of good and had performance . 

A wide varie ty of membranes has been used and continues 
to be avai lable in the marketplace. All membranes mu, t be 
protected by a wearing course. which is a major factor affecting 
the se rvice li fe u f the waterproofi ng system. 

This synthesis reports on the use of waterproofing ,ystcms 
applied to new bridge decks, and in conjunction with the reha
bilitation of deteriorated concrete bridge decks. It includes a 
review of domestic and foreign literature and a survey o f cur
rent practices in ·orth America. Thi , sy nthesis describes meth
ods for assessing the effectiveness of membranes, c ri teria for 
use. installation practices. and factors that affect the perfor
mance of waterproofing systems in new construction and reha
bi litat ion. Suggestions for future research are a lso inc luded. 
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CHAPTER TWO 

EVALUATION TECHNIQUES 

INTRODUCTION 

There are three circumstances under which waterproofing 
membranes must be evaluated: as part of a product approval 
process, as part of qual ity assurance testing, and to determine 
the performance of waterproofing systems in the field. This 
chapter is di vie.led into three sections. The first describes tech
niques that have been used in the laboratory. usually as part o f 
the prequalification of membranes. The second discusses pro
cedures that have been used in outdoor exposure plot testing. 
followed by the final section, which presents procedures tha t 
can be used to evaluate field performance, inc luding tests con
ducted in the laboratory on fie ld specimens. 

LABORATORY TEST PROCEDURES 

A multitude o f laboratory tests have been deve loped to 
evaluate the performance of waterproofing syste ms, though 
most of the tests apply only to the membrane. The tests can be 
divided into two categories: matcriab characterization tests and 
performance tests. 

A useful way to present available information on laboratory 
testing of waterproofing systems is to examine the procedures 
used in the study fo r NCHRP Project 12- 1 I (research results of 
Phase I were publ ishec.l as NCHRP Report 165 (1 2)) and in a 
study carried out in the late I 980s at the Transport and Road 
Research Laboratory (now TRL. the Transport Researc h Labo
ratory) in the United Kingdom (9). The research for NCH RP 
Report /65 was undertaken in the mid 1970s and represent~ the 
most intensive study of wate rproofing membranes in North 
America. The findings significantly influenced the specifica
t ions and type of membranes used in the U nited States. whic h 
conti nues to thi s day. The U.K. study was the largest and most 
recent study reported in the literature anc.l represents the state of 
the art. A comparison of the procedures used in the two studies 
shows progress that has been made in defining performance 
requirements for waterproofing systems and in develo ping test 
procedures to measure those requirements. 

The study for NCHRP Report 165 included the foll owing 
materials characterization tests: 

• Ultimate te nsile strength and elongation at break (ASTM 
D41 2, D638. and C 190) 

• Hardness (ASTM D2240) 
• Water absorption (ASTM D570) 
• G lass transition temperature (modified ASTM D648) 
• Pot li fe 
• Thin-film set time 

• Resilie nce (ASTM D2632) 
• Stain test. 

For liquid membranes. the tests were performed on spec i
me ns c ut from sheets cast or fabricated to the same thickness as 
that specified for field use. The on ly exceptions were where the 
test method required a particular thickness of material. 

The purposes of material characterization tests are to ensure 
that high 4uali ty materials arc used, and to provide a hench
mark for fut ure quality assurance testing to verify that the qual
ity of the product is ma intained. Because or the wide range of 
materials used in waterproofing systems, acceptance req uire
ments are specific to the material and do not necessarily corre
late with fielc.1 performance. For example, the tensile strength 
and e longation of a vulcanized sheet of rubbe r would be very 
different from those of a liquid membrane. but both cou ld per
form satisfactorily in the field . 

The performance tests used in the study for NCH RP Report 
/65 are summarized in Table 3. Most of the test procedures were 
developed as part of the study and were applied as part of a test 
cycle. Four specimens were fabricated by applying each mem
brane 10 a concrete base and subjected to a different series of tests. 

Tests intended to s imulate field performance are usefu l in 
cstab li~hing a ranki ng of membranes, but only under the spe
cific test conditions. Even when the same product~ arc tested, 
rankings are li kely to differ from study t.o study because of 
differences in test procedures. Further, for most of the tests, a 
correlat ion with field performance has not been established. 
Test conditions may he too harsh. in which case acceptable 
membranes could be rejected . or not suffic iently demanding. 
with the resul t that memhranes that pass the laboratory testing 
fail in service. 

The difficulty of using laboratory tests t:o predict perfor
mance can he illustrated by the crack bridging test. In develop
ing the c rack bridging test reported in NCHRP Report 165. 
invc tigators identi fied ten test procedures that had been devel
oped in the period 1962 to 1971. The developers of the test 
procedures al I identified what appeared to be a ·'reasonable" 
s imulation of field condit ions. However. there were significant 
differences in specimen preparation , the method and rate of 
load ing. and definition of acceptance requirements. Conse
quently, the test procedures could be expected to produce vastly 
different rankings without it being known whether any ranking 
correlates with field performance or where the divi ion between 
acceptable and unaceeptahle performance should be drawn. 

In contras t with the study for NCHRP Report 165, the TRL 
study (9) incl uded very few materials characteri zatio n tests and 
a large number of performance tests. The laboratory test pro
gram was part of a much larger study that inc luded outdoor 
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TABLE 3 
LABORATO RY PERFORMANCE TESTS REPORTED IN NCH RP REPORT 165 (/2J 

Property Basis of Test Method 

Bond a) Quali tat ive, by li ft ing the membrane from a concrete block 

b) Measuring shear and tension, by g luing dollies to the membrane 

E lectrical resistance Water penetration 

Impact dam age 

Creep damage 

Repeated drops of a round chisel at room and e levated temperatures 

Pressure on aggregate particles at e levated temperature; damage measured by 
electrical resistance 

Crack bridging Flexural loading a t room temperature; loading rate 0 .25mm/min (0.0 I 

in./min) to a crack width of 2.5mm (0 .1 in.), then l .3mm/min (0.05 in ./min) 
to 6.4mm (0 .25 in.) 

Ag ing Measure change in weight, tensile strength , elongatio n, a nd hardness a fter 30 

days at 60°C (140°F) 

Fatig ue Cycles in tension at - l 8°C (0° F) 

Freeze-thaw resistance Measure change in tens ile strength, elongation , and hardness, after l O cyc les 
of immers ion at 60°C and - l 8°C ( 140° F and 0°F) 

trials of waterproofing systems (2 / ) a nd investigation of ~ite 
practices and fa ilures (22). 

Test procedures were developed that were re levant to the 
performance o f me mbranes during instal lation of the mem
brane, after install ation of the membrane and be fore placement 
o f asphalt, during asphalt placeme nt, and in-serv ice. Eighteen 
tests were used in the investigation. and these are summarized 
in Table 4. 

A quantitative , or semi-quantitative, procedu re was deve l
oped for assessing the membranes · perfo rmance using a seven
po int scale. For some tests. membranes we re placed on the 
sca le according to observations of damage or response; in other 
tests. rankings were assigned on the basis o f physical measure
ments. In some cases. it was possible to establ ish values that 
re late to sat isfactory field performance. For example. water 
absorption is an important property of memhra nes beca use of 
the risk of damage from freezing. Membranes that absorbed 
less water than 7 percent of their mass over an 8-month period 
showed no ~igns of distress o r dimensional c hange. Above th is 
value, the di stress was related to the type o r material and its 
in itial thickn ess. Establishing acceptance criteria that re late 
di rectl y to fie ld pe rformance represents a significant ad vance 
toward the development of a performance specificati on for wa
terproofing syste ms. 

Other European countries have de ve loped pe rfo rmance
based tc~ts f'or waterproofing membranes. A compilat ion of 
test proced ures used on preformed membranes in nine coun
tries has been prepared (6) under the auspices of the Committee 
European Norma lisatio n (CEN) as the first step in preparing a 
standard for preformed me mbranes in the countries o f !he Eu
ropean Economic Community. 

OUTDOOR EXPOSURE PLOT TESTS 

Laboratory testing is very useful as a screen ing and ranking 
procedure in evaluali ng membranes. but some of the factors 
with the greatest e ffect on field performance cannot be simu
lated adequately in the laboratory. T hese fac tors include the 
condit ion nnd moisture content of the concrete. the range o f 
weather condit ions that could prevai l during installation. and 
the method o f application and compaction of the surfac ing. 

As an intermediate ste p between the laboratory and actual 
fi eld inslallat ions. exposure plot testing can fulfi l a very useful 
role. Exposure plot studies involve tc~ting spec imens. which 
are either c ustom-fabricated or removed from service under 
natural, outdoor condilion~. Environmental exposure condi
tions that accelerate natural deterioration are a ppropriate. but 
conditio ns that may change 1he mechanism of deterioration are 
not. Exposure plo t testing is expensive and nu standard proce
dures ex isl. The literatu re contains only a few reports of expo
sure plot studies. The most exte nsive sludy wa~ conducted by 
TRL (21) prior to the laborato ry testing program described in 
the previous scclion. 

A concrete s lab 24 x 6 x 0. I 5 111 (79 x 20 x 0.5 It) was cast 
and di vided in to 48 equal bays. Different waterproofin g sys
tems were insta lled on 47 of the bays. with the remaini ng bay 
serving as a control with no waterproofing syste m. T he con
crete surface was cleaned by water blast ing and manufacturers 
insta lled membranes. T he manufacturers had the opt io n o r per
forming add itional surface preparation and of deferring instal
lation if weather condit ions were considered unsu itable. 

The test wa · designed to allow for the evaluation of indi
vi dual component of the walerproufing system and several 



TABLE 4 

LABORATORY T EST S FOR TIIE T RL STUDY (9) 

Property Tem perature Range (°C) 

I. Properties Relevant During Installation of Membranes 

i) fl exibility and dim ensional stability 

ii) resistance to unrolling• 
iii) recoil on unrol ling* 
iv) resistance to uplift at the edges on rolling* 
v) bend test* 
vi) tear resistance* 
v ii) ease of cutting* 
vi ii) knife blade penetration 
ix) viscosity of primers 

- 10to +35 

- 10 to +IO 
- IO to -10 
- 10 to -10 

- IO to + 10 
-1 0 to + 35 
-10 to + 35 
- 10 to +35 
-20to+35 

Basis of Test Method 

examined for evidence of stiffness a t low temperatures and softening at 
high temperatures 
examined for effect of upright storage of rolls and ease of unrolling 
examined for abi lity to lay flat 
measurement of edge curl on unroll ing 
examined for cracking on bending 90° 
observed resistance to tearing by hand 
observed ease of cutting with a hand held razor knife 
observed resistance to penetration of a dropped razor kni fe 
measured viscosity with a Brookfield viscometer 

2. Propert ies Relevant to Membranes After Insta llation and Before Placing Asphalt 

x) res istance to penetration by loose aggregates 
xi) resistance to impact of dropped objects 
xi i) reflectivity 
xiii) resistance to fue l spillage 

-10 to + 35 
I 8 
25 
15 

3. Properties Relevant to Membranes During Appl ication of Asphalt 

xiv) resistance to hot asphalt 
xv) res istance to hot aggregate 

4. Properties Relevant to Waterproofing Integrity 

xvi) water absorption 

xvii) water transm ission 

xviii) chloride transmission 

* For sheet membranes on ly. 

75 to 200 
75 to 200 

20 

20 

20 

measured penetrat ion by a ball-ended probe 
measured penetration caused by chi sel dropped fro m various heights 
measured reflectivity using a photoelectric light meter 
observed damage caused by ponding and evaporation of gasoline and 
diesel fuel 

observed effect of exposure to therma l shock 
observed damage caused by roll ing a sharp aggregate particle on the 
membrane 

measured absorption over an 8 month period, followed by assessment of 
damage after freezing for 24 hours; some membranes were also tested 
over a 100 day period after performing test (xiv) 
measured increase in weight of encased slabs over a 12 month period 
and made observations with respect to deter ioration or debonding; test 
repeated on primers, adhesives, protection board and asphalt surfacings; 
also carried out with selected materials us in g two coats and with 
concrete slabs treated with isobutyl silane 
s imilar to test (xvii) except ponded in 3% chloride solution for 8 months 

0 



combinations of components. Scctiuns o r each membrane were 
covered with mineral dressed protection sheet. eve n when 
manufacturers claimed that the ir ~y~tem <l id not need protec
tion. Pieces of si licone-treated re lca~c paper were placed un
derneath the membrane and pieces of bituminized release paper 
we re positioned under the surfac ing to facilitate foren,ic ex
ami nation of membrane. A piece of unbonded protection hoard 
was also placed to evaluate the degree of protection provided 
by this type of product. 

The mcrnbram:s were left exposed for about 4 weeks before 
the surfacing was placed. During thi rime they were exposed 
to di rect sunlight and limited pedestrian traffic. Prior to placing 
the surfac ing. the membrane~ were observed for evidence of 
damage. debonding. pinholes. blisters, and degree of cure. 

Two parallel ,trips uf asphaltic surfacing. approx imate ly 3 
m ( IO ft) wide. were placed on all the me mbranes at the same 
time. One strip consisted of base course asphalt and the other 
was a sand asphalt carpet. The ~urfacings were compacted 
using standard paving equipment. Temperatures and pressures 
at the in terface between the me mbranes and the asphalt were 
measured during placement of the asphalt. 

Portions of the surfacing were removed I month to 3 years 
after they had been placed. Observations of the condition of the 
various components were recorded. and a number of test~ per
formed. Bond uf the membrane was assessed periodically by 
peeli ng membrane from the concrete and surfacing periodically 
over the 3-year test period. After 3 years. the bond of the 
membranes to the concrete was measured using a pull-off test. 

Waterproofi ng integri ty was measured by applying a ~tandard 
head of water over a period of 80 days. The principal findings 
from this study are summarized in Chapter 3. 

EVALUATING WATERPROOFING SYSTEMS IN THE FIELD 

Because waterproofing me mbranes must be protected by a 
bituminous surfacin g. determining the condition of the mem
brane is difficult. Evaluation before placing the surfacing is of 
limited value because most types of membrane are susceptible 
to damage during paving operations. The property of primary 
interest is the watertightness of the membrane. T wo approaches 
for evaluation are pos~ible: methods that measure properties of 
the membrane directly and those that measure properties of the 
concrete in the deck slab from which the effectiveness of the 
me mbrane can he infe rred. This section is primarily concerned 
with methods used in the fi eld (visual inspection. electrical, 
e mbedded dev ice s. physical sampli ng). but some techniques 
that have been L1sed in the laboratory on fie ld spec imens arc 
also described (ultrasonic. air permeability. and others). 

Planning a Field Condition Survey 

A condition s urvey to evaluate the effectiveness of a mem
brane is expensive: therefore. careful pla nning to optimi:Le the 
i11furmaliun cullccted is important. The scope of the survey is 
normally determined hy dec isions that mus t be made from the 
findings. For example. at the operational level if a choice must 
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be made between replacing or rehabi litating a deteriorated deck, 
the survey will focus on the condition of the concrete rather 
than on the membrane. For a deck ex hi biting le~, deterioration. 
it may be necessary to determi ne the extent of concrete repairs 
prior to applying a new membrane or. for a <leek in good condi
tion. whether the membrane must be replaced. In suc h cases. 
the testing must yield sufficient information so that all neces
sary work can be included in the rehabil itation contract. If this 
is nut <lune . and the contractor is required to undertake extra 
work, de lays often resul t, co nt ract adm inistration is difficul t, 
and excessive costs may be incurred . In some cases. the method 
of re habi litation may be less than the optimum. 

ror research o r performance studies. the objective is often to 
formu late po licy on the fut ure use of individual products, o r 
membranes in general, on the bas is of only a short performance 
hi story. Th is type of investigati on is very difficult and the use 
of a number of the more suphisticaled techniques described in 
this section may be necessary. As with all condition surveys. 
planning activit ies should include a study of the structural draw
ings and inspection re port s, arrangeme nts fur traffic control. 
staff and equipment needs, a work plan detai li ng the sequence 
of operations. and standard f'orms for recording observations 
and data. For structures with a complex geometry (such as a 
large skew angle. large curvature. or variable w idth). it is good 
practice to lay out a refere nce grid on the site plan to save time 
and avoid mi stakes in the field (2). 

Visual Inspection 

The condition of membranes cannot be asse. sed by d irect 
visua l observation and experience is required to search out clues 
as to their effectiveness . The most d irect evidence is available 
from inspecting the deck soffit after a period of rain. Wet spots 
and moisture associated wit h c racks in the concre te indicate the 
membrane is leaking. Because of grades and crossfall s, the 
poim of leakage may be some distance from the location of the 
symptoms. especially for a poorly bonded membrane. Under 
dry conditio ns. cfnore~cence is evidence of water seepage 
through c racks and joints. Rust stains from corroding reinforc
ing steel are also direct evidence o f membrane failure in new 
decks that have been waterproofed. Fur membranes applied 
after the deck was placed in service . inspection records must be 
consulted lo determine whether the deterioration has increased. 
It may be possible to infer whether the membrane has failed 
but, depending un the condition of the structure al the time the 
membrane was installed, corrosion could have conti nued even 
though the membrane re mained watertight. It is a lso important 
to establish that any corrosion is the rc~ult uf seepage through 
the membrane and not from sources such as leakage at expan
sion joint~. splash from deck drains. seepage through parts of 
the deck such as a sidewalk not protected by the membrane, 
run-off' through upen railings. or salt spray directl y on the sof

fit. 
In cases where the deck soffit is inaccessible. o r covered by 

pe rmanent steel forms . the recourse is lo use techniques applied 
to the top surface. 

Vis ual inspection of the asphalt surfacing may offer clues as 
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to the condition of the membrane. Cracks, especial ly wide 
cracks, may he an indication of defects in the membrane. but 
there are many examples of bridges where the ~urfocing has 
ex hibited ex tensive cracking and the membrane remained wa
tertight. Radial cracks. wet spots. or staining a~~ociatcd wi th 
c racks in the asphalt arc more re liable indicators of deficiencies 
in the concrete deck s lab. and, by extension. that the membrane 
is not effective. 

Experience has shown that memhrancs fail most frequently 
in one of three areas: leakage at the edges where the membrane 
meets the curb or expansion joint , leakage beneath poorly con
structed joint s in the surfaci ng. or puncture in the wheel path 
areas. While visual observations o f the deck surface cannot 
identify punc ture fa ilures. moisture associated with gaps at the 
perimeter of the surfacing or with ravelling al con~truction 
jo ints is a good indication that the membrane is e ither leak ing 
o r susceptihle to leakage in the future. 

Electrical Methods 

A number of test methods that measure electrical properties 
of e ither the membrane or the underlying concrete are available 
for field use. These methods are based on measureme nt of the 
resistance of the membrane. or the potential or pola rization 
resistance of embedded re inforc ing steel. High frequency ca
pacitance measurements for determining moisture content have 
been investigated in the laboratory but not developed For fie ld 
use (23). 

Resistance Measure111e11ts 

A non-des tructive method for evaluating the permeabi lity of 
concrete scalers was developed in Cali fo rnia and its use was 
extended to waterproofing membranes with an asphalt overlay 
(24). The procedures were based on the use of electrical resis
tance measurements to determine the e ffectiveness of coati ngs 
on buried pipe lines. 

The method assumes that where a dielectric material is used 
to seal concrete, its e lectrical resistance is a measure of its 
waterproofing abi lity. Thus. if the sealer or membrane is po
rous or punctured. water can pass through. and the greater the 
number of holes or interconnected pores. the lower 1he resis
tance. Conve r e ly, if the sealer or membrane is impermeable lo 
water. the resistance will be infinite . The method i:,, app licable 
to any sealer or coating that is not conduc ti ve and to any struc
ture in which the reinforcing steel is electricall y continuous. 

The proced ure consists of connecting one lead of an ohm
meter to the rei nforc ing steel and the other lead to an electrode 
on the deck surface. which consists of a copper plate and wet 
sponge (sec Figure 4): the electrical circuit is not completed 
unti l wetting solution from the sponge percolate:,, through the 
asphalt to the membrane. A full description of the equi pment 
and a standard test procedure have bee n published by the 
American Society for Testing and Materials (ASTM D3633). 

The permeabi lity of aspha lt wearing courses varies consid
erably. and it may take severa l hours of periodic wett ing at the 
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FIGURE 4 Ci rc uit for measuring the e lectrical resistance of 
me mhranes. 

test locations before testing can begin. A representati vc. well
compacted test location is c hosen as a c heckpo int. Resistance 
readings are taken at intervals until the resistance stabil izes, 
which indicates that the wetti ng solution has reached the sur
face o r the membrane. A wetting period of 30 minutes is often 
suffic ient. but where the resistance readings remain infinite, 
measurements should continue for at least 4 hours. 

The test site location has to be chosen carefully. If the test is 
intended to measure the average cond itio n of the membrane, 
resista nce readings are usua lly selected by a random location 
system or made on a regular grid. If the purpose is to determine 
whether the membrane is leaking. readings wi ll usually be con
centrated near the perimeter and in the wheel paths. 

A number of di fficulties have been ex perienced in applying 
resistance measurements mainly because of variat ion~ in pave
ment porosity. moistu re in the surfac ing, and short c irc uits to 
the reinforcing steel (25- 28). Some of the problems that can 
occur are illustrated in Figure 5. As orig inally conceived, the 
test method involved placing a sponge directly on a sealed con
crete surface. in w hi ch case the contact area was known and the 
"resistivity" of the sealer could be calculated. (The units of 
electrical re:,,istivity are ohm/m. The literature refe rs to the 
quotient of the resistance and the contact area of the sponge in 
ASTM 1)3633 as "resistivity, .. which has the units ohm/m2.) 

When testing a membrane beneath a bituminous overlay, the 
area of contact between the wetting solution and the membrane 
is not the same as the area of the sponge but is a funct ion of the 
time of soaking, the permeahility of the asphalt. the moisture 
content of the asphalt, and the longitudinal grade and crossfall 
of the deck. If water i~ ponded on the top of the memhranes, as 
is ortcn the case, a short c ircuit to the reinforcing steel may 
occur through embedded hardware such as a deck drain or steel 
expansionjoint. A note in ASTM 1)3633 suggests checking for 
excessive moisture in the asphalt by attaching the ohmmeter to 
the reinforcing steel and two probes on the deck surface. Im
med iate low readings (of the order of IO 000 Q) indicate exces
sive moi sture and further testing should be postponed. 

When using a direct c urrent ohmmeter, problems of drift 
and non-reproducible values resulting from the galvanic cou
pling of the copper plate to the reinforcing steel are often expe
rienced. Approximate readings can sometimes be made by 
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FIG URE 5 Possible problems in "'resisti vity'' measurements (26). 

reversing the leads by means of a double-pole switch. r o r 
greater accuracy. an alternating current ohmmeter is preferred. 

Experience in the use of the e lectrical resistance test led to 

the development of subjective criteria to describe the effective
ness of sealers and membranes . Spell man and Stratfull (24) 
o rig ina lly s uggested that an exce llent waterproofi ng material 
would have an average e lectri cal res is ti vity g reate r than 50 kQ/ 

m2 (500killft2) whereas a poor or perforated membrane would 
have an average resistivity of less tha n I 0kQ/m2 ( I 00killft2) . 

These values were also quoted in a report published by the 
Organization for Economic Cooperation and Development 
(OECD) in 1976 (29). In the course of exte ns ive laborato ry and 

fi eld measurements as part of the study for NCH RP Repon 165 
and Phase II of NC HRP Project 12-11 (/2,/8), the fo llowing 
criteria were adopted: 

• > I 00killm2 (> I Millft2) -good 
• I killm2 to I 00 killm2 (IO killft2 to I Millft2) - fa ir 
• 10 Q/ m2 to I killm2 ( 100 illft2 to 10killft2) - poor 

• 10illm2 (< 100illft2) -vcry poor 

Other investigators have established different criteria, some 
of w hich are based o n resistance val ue~ rather than resistivity 
(30,3 / ). Some states developed criteria that did not re ly s impl y 
on average values. For example. Oregon considered a mem
brane to be satisfactory if 80 percent of the resistance read ings 
were greater than S00kQ and I 00 percent were greater than 
I 00kQ (28). A membrane was deemed un satis factory if 50 
percent o f the readings were less than I 00kQ. The perfor

mance of membranes with readings between the two c rite ria 
was considered doubtful. 

T he factors affecting resisti vi ty mca urcmcnts in the field 
were the subject of a detailed investigation in Cal ifornia (JO). 

T he study showed that while there is a re lationship between 
ho les in a membrane and resistance. the re is a lso an effect o f 
hole size. Several small ho les. having a total area equal to a 

sing le large hole, will o ffe r g reater resistance. T he study also 

investigated the effect of probe size. It was expected that resis

tivity calculated by dividing resistance readings by the area of 
the probe would produce consi ' tent results. This proved not to 
be the case. The wetted areas of the membrane under the as
phalt surfacing were unknown. but presumably not in the same 

ratio as the probe areas. Thus, investigators conc luded that 

res istivity values had little meaning. and only res istance read
ings should be reported . 

Repeated surveys on the same decks over a period of years 
confirmed this conc lusion and caused the investigators lo ques

tion the usefu lness of the procedure (32) . Readi ngs taken over 
a period of 5 hours rarely stabi lized because as the wetted area 
of the membrane increased, the resistance decreased. Because 

investigators also experie nced d ifficulties in inte rpre ta tion 
because of moi sture in the surfaci ng, they placed greater reli
ance on vis ual observations and on measurements taken d i
rectly on the membrane after the surfac ing was removed at 

selected locations. 
The Vermont Agency of T ransportation demonstrated a re

lations hip between resistivity readings and c hloride penetra

tion through sealants and membranes (JJ). In 1975 and 1976, 
resistance readings a nd core samples were taken at 131 loca
tions on 5 I bridges (27). The cores were analyzed for chlo ride 

content. When 500 kQ was used as the criterion for an effec
tive waterproofing, there was a corre lation between resistance 
readings and chloride intrusion data in approximately 60 per
cent o f the measure ments. In other words, h igh resistance 
readings were associated with no chloride intrusion and low 
resistance readings were associated w ith chloride intrusion 

about 60 percent of the time. Varying the acceptance criterion 
above and be low 500 kQ did not significantly affect the reli

abili ty factor of the test. 
The results o f a fi e ld survey of 76 bridges in Ontario in 1974 

(J / ) showed a lack of correlation between resistance readings, 

half-cell potential measurements. chlo ride ion contents, and vi
sual observations . T he survey concluded that many of the read-
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ings from the resistance test were false negati ve value~. i.e., 
low resistance readings were not necessarily associated with 
defects in the membrane. It was suggested they were probably 
the result of moi~turc in the surfacing . 

The lack of good corre lation between resis tance readi ngs 
and chlo ride intrusion indi cates the limitations of both the re
sisti ~ity test and the sa mpling procedures for chlo ride determi
nations. T he resisti vi ty test measures the average value of the 
resistance over the area wetted by the contact solution. and the 
extent of this area is unknown. The chloride sample is. how
ever. taken from a point that may or may nut coincide with a n 
impe rfection in the lllemhrane. 

Because of its limited use as a quality assurance tc~t whe n 
readings can be taken directly o n the J11eJ11hrane, the e lectrical 
resistance test. which was w idely used in the 1970s, has d imin
ished. Interpretation of result~ taken thro ugh an asphalt surfac
ing is much J11ore difficult. High results after several hours 
soaking are a good indication of an illlpermeable membrane but 
low rc~ults. espec iall y uniforlllly low results, require more de
tailed examination to ensure they were not the result of a short 
circuit or mo isture in the surfac ing. Where su ffi c ient readings 
are taken. it is good practice 10 plot equal resistance contours 
and investigate anomalou~ a reas more closely. 

Po1ential Meas11 r!:'1111'11ls 

The method o f measuring the hal f-cell po tential of steel in 
concrete for the purpose of determining the corrosion acti vity 
of the steel was also developed in Cali forn ia (34). A full de
~cription o f the equ iplllent and procedure has been published 
by ASTM (ASTM C876 '·Standard Test Method fur Half-Ce ll 
Potentials of Uncoated Re inforc ing Steel in Concrete"). 

When steel corrodes in conc rete , a potenti al difference ex
ists between the anodic half-cell areas and the cathodic half
cell areas along the re inforcing bar. The potential of the corro
sion half cells can be measured by comparison with a tandard 
refere nce cell, which has a known. constant value. /\ copper
copper sul fate e lectrode (CSE) cell is normally used in field 
work because it is rugged. inex pensive, and re liable. The po
tential difference between the steel reinforce ment and the re fer
ence cell is compared by connecting the two through a hi gh
impedance voltllle ter. This is done by connecting one lead of 
the vo ltmeter to the re inforc ing steel. The o ther lead i, con
nected to the reference cell, e nabling e lectrode potentials to be 
measured at any desired locati on by moving the half ce ll over 
the concrete surface in an orderly manner. 

The re inforcemelll in bridge decks is usually in good electri 
cal contact so that only one e lectri cal connection to the rei n
forcement is needed. It is . however, necessary to check that a 
good connection has been made and that the rein forcin g steel i~ 
contin uo us by measuring the resistance to the re in forc ing steel 
at another location o r to exposed metal fi xtures that are con
nected tu the reinforcing steel. A , cparatc connectio n is re
quired wherever the steel is not continuous as. for example. in 
sections of a bridge deck separated by expansion j oints. 

Convention d ictates that the potentia ls of stee l re lative to 
the CSE be reported as negative values. The reason for thi s is 

that iron is more negative than copper in the e lectrochemica l 
series. 

An append ix to ASTM C876 s tates that fo r tes ting of above 
ground. reinforced concrete structures. the sig ni fi cance o f mea
sured values is as follows: 

• Less negative than -0.20 V (CSE) greater than 90 percent 
probability o f no corrosion . 

• Between -0 .20 and -0.35 V (CS~) corrosion act ivity 
uncertai n 

• More negative than -0.35 V (CSE) greater than 90 per
cent probabil ity that corrosion is occurring. 

If positive readings are obtained, it generally indicates that 
there is insufficient moisture in the concrete and the readings 
should not be cons idered valid. 

The above criteria have been applied widely, and o fte n in
<li serirninatcly, though the standard states that potential mea
surements should be interpreted by experienced e ngineers o r 
technical speciali~ts. o ften using corroborating data fro m other 
test procedures. 

There are two types of surveys in which potential measure
ment~ have been used in evaluating the effectiveness of me m
branes: when a membrane is appl ied to a new <leek. the detec
tion of active corros ion potentials indicates that chl oride ions 
have penetrated the membrane; and when a me mbrane is ap
plied to a deck in service, o r during rehabilitatio n, the periodic 
measurement of corrosion potentials has been used to try to 
determine the effect of the membrane on corrosion activ ity in 
the deck slab. 

ASTM C876 states specifically that the criteria fur corro
s ion acti vi ty should not be used to formulate conclusions con
cern ing changes in corrosion activity with time on a rehabi li
tated structure in which the rehabili tatio n caused moisture or 
oxygen content o r both at the e mbedded steel to cha nge wi th 
time. such as when a membrane is applied to a chloride-con
taminated deck. unless e ither experience or destructive exami
nation validates the crite ria. 

To e nsure that the electrical c ir·cuit is completed. holes mus t 
he dri lled through the asphalt and the membrane al the test 
locations . Typica lly. a 13-mm (0.5-in.) diameter bit is used and 
drilling is stopped w hen concrete dust is visible on the deck 
surface. Drilling into the concrete deck s lab by a small amount 
(no more than 13 mm or 0.5 in. ) a lso e li mi nates the effect of 
junction potentials. which can have a s ig nificant e ffect on re
corded values (35). If the asphalt conta ins signi ficant amo unts 
of water·. potent ia l measurements wi ll detect the presence of 
corrosion acti vity ( including ex posed hardware connected to 
the rein forc ing stee l) but 110 1 necessarily its locat ion. T he holes 
are filled wi th welling solution prior to taking measurements. 
and later dried and caulked to seal the deck. 

Rote of Corrosin11 Measureme111 

Whereas potential measurements provide information on the 
presence of corrosion acti vity. they give no information about 
the rate of corrosion (36,37). Corrosion rates of steel in hig h-



way structures are primarily controlled by the resistivity of the 
concrete and the availability of oxygen at the steel surface. 
Consequ ently, it is possible to have high potential mcasurc
mems but low corrosion rates. Thi s is particularly appl icable 
on asphalt-covered decb constructed without a membrane. or 
with one that is ineffecti ve, because the aspha l1 traps moisture 
in the concre te. This restricts the availability of oxygen at the 
steel surface and can result in ··black" corrosion in wh ich the 
corrosion products occupy no more than the original volume of 
the steel. resulting in deep pitting of the steel without delamina
tio n of the concrete. 

There are several different methods of measuring the rate of 
corrosion of steel in concrete (38), tho ugh linear polarization 
and frequency response appear to be most suitable for fi eld 
appli cations (39). Commercial instruments are available and 
three devices were evaluated as part of a SHRP study o n in
specting and assessing the physical condition of concrete struc
lures (40). T wo of the devices operated on the principle of 
linear polarization. The procedure involves measuring the po
te ntial of the re inforcement and then measuring the current re
quired to cause a sma ll cathodic polari zation of the steel. which 
enables lhe polarization res istance to be calculated. The polar
iz.ation resistance is inversely proportional to the corrosion cur
rent. which in tum is directly proportional to the rate of corro
sion. One of the linear polarization devices inc luded a guard 
e lectrode, whic h is used to confine the current to the area of 
rein forcement d irectly be low the counter electrode. 

The third dev ice operated on the principle of superi mposed 

cuITent pulses of high and low frequency. The higher frequency 
provide~ a measure of the concrete resistance. The lower fre
quency measures the sum of the concrete resistance and polariza
ti on, and the polarization resistance can therefore be ca!CL1lated. 

All three devices were found to g ive comparable qualitative 
results for actively corroding structures. The linear po lariza
ti on device with current confinement was found to give corro
sion currents most closely matc hing true values, especially for 
very small corrosion c urrents. 

The e lectrical ci rcuit for making rate of corrosion measure
ments is the same as for potentials, but the membrane must be 
removed over an area of approximately 150 mm x 150 mm (6 
in. x 6 in.) at each test location so that the c lcctroclcs are in 
direct contact with the concrete surface. A single measure111ent 
with the simplest device takes about 3 minutes, and the other 
devices require more time. 

Measuring the rate of corrosio n is not like ly in making op
erational dec isions about waterproofing me mbranes. G iven that 
the techno logy is relatively new and that field experience is 
limited. rate of corrosion 111eas ure ments are likely to remain a 
research tool for some time. They do, however, offer the possi
bility o f providi ng a more de fi nitive an swer to questions s ur
rounding the effectiveness of me111branes applied to corroding 
dec ks and are likely to be used in research studies on this topic. 

Embedded Devices 

In the early 1970s, the Arizona Dcpanmcm of Transporta
tion developed a procedure for improving the interpretatio n of 
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measure ment s taken in the electrical resistance test (26). Two 
300-111m ( I-ft) square aluminum foi l sheets were placed on top 
of the membrane prior to placing the asphalt surfacing. Electri
cal connections were made to the sheets so that the time needed 
for wetting the deck cou ld be established and the problem of 
substa ntia lly increasing lhe welled area avoided. Measurements 
of resistance between the two sheets could also be used to indi
cate whether moisture wa~ present on the surface of the mem
brane. 

In field evaluatio n studies conducted as part of Phase II of 
:--JCHRP Projecl 12-1 1, moisture detectors made from copper 
foil were placed on the deck surface prior to placing the me111-
brancs. Each detector consisted of two strips of copper foil 
each 13 mm (0.5 in.) wide and 2.7 m (9 ft) long and spaced 50 
mm (2 in.) apart. fastened to the deck w ith duct tape(/ 8). Leads 
were connected to each strip and left accessibl e for testing. 
Measurements of the resistance between the strips were made 
at 6-month intervals over a 2-year period. The resistance be
tween the strips dropped suhstantially during the period of ob
se rvation. This was inte rpreted as an indication of moisture 
accumu lation beneath the membrane. However, resistance val
ues were higher than would have been anticipated if salts were 
a lso present, and this was taken as evidence that deicing salts 
did not penetrate the membrane. 

Copper foil strips were placed at 40 locations on 23 bridges 
in Vermont (27). Difficult ies were ex perienced with installing 
liquid 111embranes because the thic kness of the 111embrane had 
to be increased over the strips, which also acted as a bond 
breake r. The strips were monitored over a period of· 2 to 5 
years, during which several failed. There was a lack of corre la
tion with chloride penetra tion data, and it was conc luded that 
the strips were not an effecti ve way of monitoring membrane 
performance. Moisture sensing e lectrodes made from copper 
foil were also inc luded in a study in New Jersey (4/). The 
readings were found to be difficult to interpret, and most of the 
junction boxes housing the terminal connectors were destroyed 
hy vandals over a 5-year period. 

A ll the exa111ples of the use of embeclclecl devices elate from 
the early to mid l 970s and no evidence of similar devices being 
used in la ter years has been located. There have been some 
atlernpts to use other types of humidity devices for measuring 
111ois ture content and to use embedded reference cell s to detect 
corrosion acti vi ty. With the exception of a study on the World 
Tracie Center in New York City (42), none has been reported as 
being successfu l. 

Physical Sampling 

Tak ing cores or pul verized samples of concrete, or selec
ti vely remov ing pieces of the asphalt surfaci ng, can provide 
usefu l information about the condition of waterproofing mem
branes. 

The removal of sampl es of asphalt by dry sawing is a well
established technique for examining asphal t-covered decks 
(43). Dry sawing, as opposed to wet sawing, is used to acqui re 
important informatio n about the presence of moi sture beneath 
the waterproofi ng membrane. Sawn samples arc typically not 
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less than 300 mm ( I fl) square and usually taken in areas of 
s uspected deteriorat ion of eithe r the membrane or the deck con
crete. Careful removal of the surfacing and me mbrane pe rmits 
an assessment of the bond between the asphalt. membrane, and 
deck. O nce the concrete has heen exposed. it can be sampled 
for measurement of chloride ion content. In addition . potential 
o r rate o r corrosion measure me nts ca n be made to provide more 
in formation on the effectiveness of the membrane. 

Cores can also be taken to pro vide information on the condi
tion and effectiveness of membranes. A thin-walled d iamond 
bit shou ld be used, and the mini mum core diameter should be 
100 nun (4 in .) to reduce the possibili ty of the asphalt o r con
crete breaking inside the core bit (2). It is a lso advisable to 
remove the asphalt fro m the core bit before drill ing the con
crete. especiall y on dec ks where the hond is poor. Cores taken 
from wheel path locations should be examined carefully for 
evidence of penetration of aggregate particle into or through 
the memhrane. Some types of membrane are ea il y damaged 
by paving equipment o r excessively ho t bituminous mixtures 
and thi s should be apparent from visual examination. Cores 
can be used to determine the ch loride content of the concrete. 
Normal practice is to cut the core into slices in the laborato ry 
and measure the chloride ion profile using wet chemical meth
ods of analysis (23). A standard me thod of sampl ing and test
ing for chloride-ion content has been published hy AAS HTO 
(AAS HTO T 260 "Method of Sampling and Testing for Total 
Chloride Io n in Concrete and Concrete Raw Matcriab''). The 
quantity of chloride ion that is sufficient to init iate corrosion is 
generally accepted to be approxi mate ly 0.20 percent by mass of 
cement (or about 0.03 percent hy mass for a typical concrete) 
w hen measured by nitric acid extraction on concrete samples 
taken at the level of the rein forcement. The interpretation of 
data when '·background" chloride ions are present is complex, 
and guidance is provided by the America n Concrete In st itute 
(44). 

In the earl y 1970s, agencies began using a perc ussio n drill 
(sometimes called a rotary hamme r) to collect a pu lverized 
sample of concrete in the fie ld and to eli minate sample prepara
tion in the laboratory (45). 

Research by the Kansas Department o f Transportation in the 
mid 1970s resulted in both a vacuum drill ing method for col
lecting the pul verized sample, and a method of measuring c hlo
ride ion content in-si tu by inserting a chlo ride-specifi c elec
trode in the deck (46). Although the method had advantages of 
speed and minimal damage to the deck, it was discontinued 
because of the freq uency with wh ich e lectrodes were being 
broken in the field . 

Several o ther studies have been undertaken to develop meth
ods of measuring chloride ion content in the fi eld. The most 
recent stud y was undertaken by SHRP to inspect and assess the 
physica l cond ition of concrete structures (47). Extensive labo
ratory and fi eld evaluations resulted in selection of the specific 
ion probe as the best method, based primarily on technical per
formance, but also considering cost. speed. and ease of opera
tion. A detailed test procedure was prepared in a format suit
able for cons ideration hy ASTM (48). T he research a lso 
investigated methods o f obtaining a representative ~ample of 
concre te for ana lysis. The proposed test method recommends 

use of a heavy-duty rotary hammer fitted with a slop gage and a 
vacuum hit with a diameter 1.5 times the maximum aggregate 
size. The concrete powder is drawn through a coaxial hole in 
the bit and col lected by a filter placed in a collect ion c hambe r. 
It was found that grinding the powder so that 99 percent pas ·eel 
a 850~trn (No. 20) sieve was su fficiently fine for the re ults to 
he reproducible . 

In most condition surveys. chloride ion content or the con
crete at the level of the rein forcement is of primary interest 
because of the need to establish whether there is sufficient chlo
ride present to init iate corrosion. In eva luati ng the effecti ve
ness of membranes. the primary purpose of measuring the chlo
ride ion content of the concrete is to establish whethe r the 
membrane i leaki ng and consequently the su1face concrete is 
of greatest interest. However. care is required in interpreting 
the data. In ca~cs where the membrane was appl ied a fter a deck 
had been exposed to salt. it may not be possible to assess the 
e ffectiveness of the membrane unless data taken at the time o f 
installation is on fi le or if measured values are very high. Even 
when the membrane was applied to a new deck, samples should 
be taken deep in the deck where contami nation has no t oc
curred to establish the background chloride concentration. 

As noted previously in di scussion of the electrical resisti vity 
test, the location of chloride ion measurements may or may not 
coincide with an imperfection in the membrane. Consequentl y, 
chloride ion contents in exec~ of background levels are a strong 
indicat ion o f membrane leakage (for membranes applied to new 
decks), but the reverse is no t necessarily true. The correlation 
between chloride ion measurements and the e ffectiveness of 
the me mbrane improves with the number o r samples taken. 

Ultrasonic Methods 

Ultrasonic test methods consist of measuring the trave l time 
of an ul trasonic pulse passing through the material under study. 
The pulses are generated us ing e lectronic circuitry and arc trans
formed to mechanical ene rgy by a transmitting transducer con
taining piezoelectric crystals. A s imilar transducer acts as a 
receiver. 

The S HRP study on inspecting and assessing the physical 
condit ion o f concrete s tructures included a task to develop a 
method for evaluating the integrity of bridge deck membranes. 
Several d iffe re nt approaches were considered and pul sed ra
dar, thermography. and ul trasonic pulse veloc ity were consid
ered for pre li minary exam ination ( 49) . On the basis of screen
ing tes ts, the pulse velocity method was selected for more 
detai led eva luation. The surface transmission method had lo 
be used, but this was considered an advantage because when 
detecti ng holes in the membrane or debonding between the 
membrane and the concrete bridge deck or the asphalt. the 
stress wave had to pass through the defects twice. The equip
ment used in the evaluation operated at a frequency of 54 kHz. 

Preliminary testing on reinforced concrete specimens, with 
a 65 mm (2.5 in.) hot-m ix asphalt layer. showed that a separa
tion of 90 mm (3.5 in.) between transducer and receiver pro
duced the most consiste nt results when the transducers were 
placed in different posit ions relati ve to the reinforceme nt. Th is 



findi ng was confirmed on la rge r, outdoor s labs. The separation 
of 90 mm (3.5 in .) satisfi es the criterion that the separation 
should be al least 0.9 limes the wavelength in the material , 
which was calculated to be 76 mm (3 in. ) (49). 

r unher testing was undertaken on large outdoor slabs. which 
were constructed with three commercial preformed membranes 
and asphalt overlays. The membranes were intenti onally dam
aged to different degrees. Two cores were taken from each s lab 
and the conditi on of the membrane was rated on a scale from 0 
to JO by a si ng le rating representing the number of holes and 
the degree o f bond bet ween the membrane and the concrete and 
asphalt. A strong corre lation between the pulse velocity and 
the membrane rating was established (the more deterioration, 
the highe r the veloc ity). It was noted that measurements could 
not detect small holes in the me mbrane but were sens itive to 
bonding. The thickness of the asphalt layer was found to have 
an insignificant effect on the measure ments, but the ran ge of 
thi ckness was not reported. 

Fie ld validation studies were undertaken in fifteen bridges, 
five in each of the states of Vermont. New Hampshire, and 
Maine. The age and condition of the bridges varied, but the 
melllbranes were the sallle as those installed on the outdoor 
slabs. A sampling plan was developed for each bridge and 
included taking measureme nts where the me mbrane was ex
pected to perforlll well , where the membrane was most like ly to 
be changed or deteriorated. and at cracks in the surfaci ng. Cores 
were taken to represent the range of pulse velocity measure
ments, incl uding lo,,ations where the asphalt surfacing was de
te riorated. In some cases, a pul se veloc ity measurement could 
not be made. An average of 45 readings and 14 cores were 
taken from each bridge. Membranes were removed from the 
cores and rated according to the same procedure used on the 
slabs. T here was a strong corre lation between the ultrasonic 
pul se veloc ity measurements and the membrane ratings. A 
statistical model was developed to predict the membrane statu s. 
A recommended test procedure for the use of pulse velocity 
measurements for assessing the condition of preforllled mem
brane syste ms on bridge decks was prepared (48), though it was 
noted that additional fie ld validation is required to confirm the 
procedure (49). The test method states that the procedure may 
be used to indi cate deterioration and/or dcbonding of a mem
brane but cannot be used on a crac ked asphalt surface . 

Air Permeability Methods 

In the course o f an in vestigation of membrane performance 
on 36 bridge decks in Alberta, ai r permeabi lity measure me nts 
were made on core specimens (50). The test procedure was in 
accordance with the Modified API (American Petrole um Insti
tute) RP-40 lllethod. which is used in the oil industry to mea
sure the permeabi li ty of rocks (5/). Cores 75 mm (3 in.) in 
diameter were taken through the surfacing, membrane, a nd at 
least 50 mm (2 in .) into the concrete deck. The concrete was 
trimmed to 50 mm (2 in.) in the laboratory. a nd the permeabi l
ity was measured by applying air pressure to the surface of the 
asphalt. T he results showed a wide variation in permeability, 
which was a function of both the type of membrane and the 
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quali ty of construction. The results correlated well with mem
branes known to have been damaged at the time of installation. 
In one case of a hot-applied rubberized asphalt membrane that 
was damaged because of the use of an ineffecti vc protection 
board, permeability val ues were 1,000 times greater than me
dian values from other sites where the same material had been 
installed . 

Other Techniques 

Several othe r techniques have been investigated ei the r for 
determining the condi tion of lllembranes di rectly, or for mea
sming properties of concrete deck slabs from which the effec
tiveness of a membrane could be inferred. None of these tech
niques is suitable for routine use but the literature is summarized 
bri efl y to provide a complete record. 

Radar 

The princi ple of ground penetrating radar is that pulses of 
radio frequency e nergy arc directed into the deck and the re
flected signal is captured and analyzed. The pulses are of ex
tremely short duration , approximately one nanosecond. Re
flections occur from each interface where the re is a change in 
dielectric constant, or from discontinuities such as voids or 
c racks. 

A number of studies have been carried out on aspha lt-cov
ered decks (52-54), which demonstrated that radar is capable 
of ide nti fy ing anomalous areas in a deck. The practical prob
lem was analyz ing the large amount of data collected and relat
ing the different radar s ignatures to speci fic types of physical 
distress. Lack of experi ence in interpreti ng the data init ial ly led 
to a large m1mber of false results. Signal processing techniques 
have improved considerably (5.5, 56) but commercial systems 
do not have suffi cient resolution to detect defect s in membranes. 
In the SHRP study (49), it was fou nd that pulsed radar could 
identify the asphalt-concrete interface clearly, but could not 
disting ui sh the presence of a membrane. More recent work 
showed that a waterproofing membrane can produce a re flec
tion at the asphalt-membrane interface and another at the mem
brane-concrete inte rface. This e nables not only the presence of 
the material to be established but a lso its thic kness to be calcu
lated (56). It has been suggested that pul sed radar could be 
used to detect defects in membranes if a higher frequency and 
more focused antenna arc used to increase spatial resolution 
(49). 

Commercial radar equi pment can be used to detec t 
de bonding of asphalt from some types of me mbranes and to 
detect delamination in the deck slab, whic h in turn may be 
evidence of an ineffective me mbrane. It has also been sug
gested that radar could be used as a measure of the chloride ion 
content of concrete (55, 57). but additional researc h is needed. 

Thermography 

infrared thermography has also been used in in vestigating 
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the condition of asphalHovered deck slabs. The method works 
on the principle that as a bridge deck heats and cools, there is a 
ubstantial thermal gradient within the deck because concrete 

and asphalt are poor conductors of heat. Any di~continuity. 
such as a delaminati on or debonding parallel to the surface, 
interrupts the heat transfer through the deck. Thi~ means that in 
periods of heating. the surface temperature of delaminations or 
dehonded areas is higher than the surrounding concrete. At 
night the situation is reversed. 

Infrared thermography has been shown to he capable of de
tecting lack of bond and delaminations in asphalt-covered decks 
(52 ). but the technique is very sensiti ve to weather conditions 
and largely impractical at the present time. 

Nuclear Methods 

The chief application of nuclear methods is in the measure
ment of density and moisture content in-~itu by neu tron absorp
tion and scattering techniques. The prime reason for measuring 

moisture content i to determine i f corros ion of embedded rein
forcement may occur. 

A prototype piece of equipment was developcd by the 
Laboratorie Central des Ponts et Chaussees in r rance in the mid 
1970s to measure the thickness of waterproofing layers by 
means of a neutron probe (58). No further evidence of it, use 
has been uncovered. 

In the early 1980s. equipment for measuring the moisture 
content of concrete by nuclear magnetic resonance methods 
was constructed and investigated under FHW A contracts 
(59. 60). A lthough the method was feasible, the equipment was 
expensi ve. heavy, slow, and required skilled operators. A s a 
result, it was not developed commercially. 

A similar fate befel I a piece of equipment constructed under 
a pooled fund study in the late 1970s to measure the chloride 
ion content of concrete in-situ (6/). The equipment used neu
tron beams to bombard the concrete and. following laboratory 
studies, field trials were undertaken on bridge decks in Texas. 
The equipment was impractical for reasons of high cost. l imited 
accuracy. and the difficul ty of moving it from site to site. 
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CHA PTER THREI:: 

WATERPROOFING SYSTEMS IN NEW CONSTRUCTION 

This chapter descrihes those aspects of des ign, con~truction. 
and perfo rmance that apply to waterproofing systems insta lled 
on bridges be fore they are open 10 traffic. Aspects of water
proofing systems that apply regard less of whether the system is 
in stalled on a new or an existing deck, such as the types of 
materials used, are also inc luded in thi s chapter. Other aspects. 
which are more appl icable to the use of waterproofing systems 
in rehabi litatio n contracts, arc described in Chapter 4 . 

MATERIALS 

This sectio n de~cribcs the range and classification o f materi
als used as membranes. performance req uirements. and the re
lationship between materials spec ifications and performance 
requ irements. 

Classification of Membranes 

A wide range o f mate rials has been used in the manufaclUre 
of waterproofing membranes. The study for NCHRP Report 
/ 65 examined 14 7 wate rproofing systems and developed a c las
si fication system based on five characteristics: preformed vs. 
applied-i n-place; thermoplastic vs. thermosetting : unmodified 
vs. modified; reinforced vs. non-rei nforced; and wearing course 
v~. no wearing course. 

A seconda ry classification was developed for some of the 
characteristics to indicate the generic type of material. 

Thcrmoselli ng materials are those that, following the initial 
permanent set through chemi cal react ion before or immediately 
fo llowing app lication, do not change viscosity appreciably with 
change of ten1pc raturc. Thermosetting materials include vulca
nized rubber sheets and many of the resin- based liquid mem
branes such as those made from epoxy, polyester. polyurethane. 
acry lic, or polys ulfide resins. Conversely, the rmoplastic mate
rials do not set permanently through chemical reaction and wi ll 
change viscosity in response to c hanges in te mperature. The r
moplastic materials incl ude membranes based on coal tar. as
phalt, and rubbers and plastics, which arc not cross- linked. 

A membrane was considered to be modified if it incl uded an 
apprec iable amount of secondary material to effect a c hange in 
properties. such as the addi tion of coal tar to res ins or the use of 
fill ers to asphalt membranes. Materials added for the purpose 
of promoti ng setting, or e mulsifiers or solvents added for case 
o f application. were not considered to be modifiers. 

Reinforcement was considered to be the incorporation of 
continuous ·heets or fibers in a membrane. Examples are glass 
fiher. polypropylene or nylon fabrics. and polyethylene sheet. 

Disconti nuous fibers were considered to be modifiers or fill ers. 
rathe r than re inforcement. 

In the 1970s. attempts were made to develop membranes 
that did 11 0 1 require protection from traffic loading by the ap
plicat ion of a separate wearing course. Typicall y, aggregates 
were e mbedded in the surface of the membrane. T hese prod
ucts d id 1101 perform satisfactoril y and arc outside the scope of 

this report. 
The distinction between preformed (often called sheet sys

tems) and liquid systems is pa11icularly useful because a m1mber 
of general izations can be drawn that are relevant to the evalua
tion of me mbranes and their installation (62). The relative 
merits of preformed and liquid systems are list.ed in Table 5. 

An alternative classification system was deve loped as part 
of a laboratory and outdoor in vestigat ion of 48 waterproofing 
membranes in the United Kingdom (9.21). As in the classifica
tion syste m already described, this method distinguished be
tween sheet and liquid systems and then develo ped a secondary 
c lassificati on based on material composition. Fig ures 6 and 7 
show the sheet and liquid systems. respectively. that were in
cluded in the investigation. The sheet systems were catego
rized into four types: asphalt-impregnated fabric sheets. poly
meric sheets. elastomer sheets, and asphalt-lami nated boards. 

A~phalt-impregnated fabric sheets consisted of a central core 
of absorbent mate rial impregnated and coated with asphalt ce
ment. Core materials were either polyester fleece, glass cloth, 
or woven polypropylene. 

Polymeric sheets were extruded blends of various base poly
mers to which were added o ther polymers. binders. plast icizers, 
and inert fillers. Syste ms u~cd in the trial were based on either 
bituminized. laminated, or chlorosulfonated polyethylene: eth
yle ne propylene: ethyle ne vinyl acetate; or polymer plasticized 
polyvinylchloride . 

The elastomer sheets used in the trial were vulcanized butyl 
or polyisoprene ruhbe r. T he butyl type was lam inated with 
asphalt-saturated fell on the underside. Other types of elasto
meric sheets, such as those made of polychloroprenc. ethylene 
propylene diene monome r, butyl. and hypalon rubbers. have 
been used in North America. mainly in experimental installa

tions in the 1970s . 
The asphalt-laminated boards, which were also used as pro

tection boards for some systems, consisted of a core of fine ly 
crushed aggregate saturated with asphalt-cement between lay
ers of asphalt-saturated fe lt. 

Some sheet systems were self-adhesive. using a pressure
sensitive. asphalt-based adhc ivc. Others used a separate adhe
sive. which was normally an ox idized asphalt. A bituminous
based primer wa~ used with most of the systems. 

Liquid syste ms consisted of one- or two-component, mois-
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TABLE 5 
CHARACTERISTICS OF SHEET AND LIQUID MEMBRANE SYSTEMS (adapted from 2) 

Preformed Systems 

•Tend to perform well in laboratory evaluations 

•Qua lity of material controlled under factory 
conditions 

•Thickness and integrity controlled at the factory 

•Labor-intensive installation, especially if not se lf 
adhesive 

•Laps required 

•Difficult to install on curved or rough decks 

• Vulcanized sheets may be difficult to bond to 

substrate, protection layer and at laps 

•Vulnerable to qual ity of work at critical locations 
such as curbs, expansion joints and deck drains 

•Blisters must be repaired by puncturing and patching 

•Tend to be more expensive 

ture or chemicall y curing solutions. A resin-based primer was 
normally used. 

The coatings were categori zed into bi tuminous and re inous 
systems. Bituminous systems were subdivided into bituminous 
solutions or compositions. and mastics. Mastics requ ired heat 
to convert them to a liquid for application. Similar products, 
incorporating rubber and polymers for greater flexibility, arc 

Liquid Systems 

•Tend to perform less well in laboratory evaluations 

•Difficult to ensure consistent quality of materia ls 

•Diffi cult to control thickness of membrane and 
detect presence of pinholes 

•Usually applied in one application by spray or 
squeegee; built-up system s are labor intensive 

•Laps not required 

•Application independent of deck geometry. Thin 
membranes require a smooth deck 

• Bonding not usually a problem if substrate prepared 
properly; se lf adhesive 

• Less vulnerable at critical locations 

•Blisters and blowholes easily repai red in self-sealing 
materials, but not in thermosetting materia ls 

•Tend to be less expensive 

used in Canada and in a few state~. Resinous types were subdi
vided into urethane. epoxy, and acrylic resin-based systems. 

Bitumen-based systems were either one part blended solu
tion~ of various bitumens in hydrocarbon solvents. two part 
polymer-modi fi ed compositions, or refined natural or elas
tomer-mod ified mastic asphalts. 

The resin-based systems were either one or two part mois-

PREFORMED WATERPROOFING SYSTEM 

Asphalt-Impregnated 
Fabric 

bituminized 
polyethylene 

laminated 
polyethylene 

Polymer 

chlorosulfonated 
polyethylene 

Elastomer 

I 
Asphalt-Laminated 

Board 

butyl polyisoprene 

ethylene 
propylene 

ethylene vinyl 
acetate 

polymer 
plasticized 

polyvinylchloride 

FIG RE 6 Preformed waterproofing systems (adapted from 9). 
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LIQUID WATERPROOFING SYSTEM 

Bituminous Resinous 

I I 

solutions/ 
compositions 

mastic 
asphalt 

polyurethane epoxy acrylic 

refined elastomer 
modified 

PMMA 
urethane 
modified 

PMMA 

blended 
bitumen 
solutions 

polymer 
modified 

compositions 

coal tar 
modified 
(unfilled) 

coal tar 
modified 

(mineral filler) 

coal tar 
and urethane 

modified 

elastomer/ 
carborundum 

modified 

elastomer/ 
coal tar 
modified 

FIGURE 7 Liquid waterproofi ng syste ms (adapted from 9). 

ture curing or two part c hemical curing. based on e ither ure
thane, epoxy, or acrylic resins. 

Urethane-based systems were all elastomer-modified poly
urethanes, some were further modified with either carborundum 
or coal tar. The latter were referred to as pitch urethanes. Other 
polyurethane systems were fast curing elastomer- and/or poly
me r-modified. T hese normally used genericall y sim ilar prim
ers but one fast cure system used an epoxy based prime r. 

All epoxy resin-based systems were modified with coal tar 
and were re ferred to as pitch epox ies. Some were mineral fill ed . 
One system was fu rther modified with polyuret hane and rein
forced wi th a polyester fleece . These systems did not require 
the concrete to be primed. 

Acrylic systems were based on polymethy lmethacrylate 
resi n (PMMA) and used a generically similar primer. One sys
tem was modified with urethane . 

Following an intensive series of outdoor and laboratory tests 
(which were described in Chapter 2), observations were made 
on generic re lat ionshi ps between material composition and the 
performance characteristics of primers, adhesives, and mem
branes. These observations arc summarized in Tables 6 and 7. 
It must be remembered that the information in the tables re lates 
directly to the membranes that were incl uded in the test pro
gram. In some cases, and partic ularly for polymer sheets, there 
were widely differing characteristics within the generic group. 
However, the findin gs summarized in Tables 6 and 7 are sig
nificant because it had generally been accepted that the wide 
range and quality of materials used in membranes precluded 

fast cure/ 
elastomer 
modified 

relating materia ls composition to performance. Where the term 
"ambient temperature range" is used in Table 7, this refers to 
the temperature range specified in Table 4 for the relevant prop
erty. 

The responses to the questionnaire for this synthesis identi
fi ed 22 diffe rent prop1·ietary waterproofing products used in the 
United States in I 992. Where a product is supplied in several 
variations, for example supplied in different thicknesses, each 
variation was counted as a different product. The vast majority 
of membranes are preformed products and three of the products 
have dominated the marketplace since the l 970s. The situatio n 
in the United States is in marked contrast with Canada, where 
hot-applied rubberized asphalt membranes arc widely used. 
Seven additional products in thi s category, which are not used 
in the United States, were identified . 

Requirements for Waterproofing Systems 

The requi rements for the ideal waterproofi ng system can be 
defined simply as the following: watertight after installation, 
remains watertight during anticipated service life, and economi
cal. These requirements can be expanded, as shown in T able 8, 
to several more spec ific requireme nts, which apply at the t ime 
of installation, and during the service life of the waterproofi ng 
system. 

It is important to note that although many of the requi re
ments apply only to the membrane. the performance of the 
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membrane is determined by the performance of the waterproof
ing system. which includes al l the components ill ustrated in 
Figure 3. ror example. if the bond between the membrane and 
the surfacing breaks down in service, resul ting in the develop
ment or pot holes in the su,i'acing, then the waterproofing sys
tem has reached the end of its service life regardless of the 
integrity of the membrane. 

Two conclus ions emerge from consideration of Table 8: the 
requirements for waterproofing systems are numerous and de
manding: and the requi rements arc largely qual itative. 

While it is not difficu lt to identify the facto rs that affect the 
performance of waterproofing systems. it is very difficult lo 
develop quantitat ive requi rements, wh ich would provide rea
sonable assurance of satisfactory field performance. The rea
sons for this inc lude the following: 

• The requirements are numerous and complex; 
• Many different materials are used in waterproofing 

systems: 
• Acceptance tests usually app ly to individual components 

of the waterproofing system, rather than the overall system: 
• Correlations between acceptance tests for components 

and actual fie ld performance have not been developed: 
• Service conditions are difficu lt to define, and even more 

difficult to simulate in the laboratory or outdoor exposure plot: 
and 

TABLE 6 

• Wate rproofing systems. as with any other material. age 
in service. but criteria for the end of useful service lil'c have not 
been defined. 

Some of the reasons listed above may appear to be some
what abstract, and arc best il lustrated by a few example taken 
from the requirements listed in Table 8. 

• Waterproofing systems must be ··watertight." What does 
this mean in terms of water transmission through the membrane 
I) immediately after installation and 2) after aging? How 
should it be measured? 

• Membranes must not be damaged prior to instal lation of 
the surfacing, during paving, or by traffic or environmental 
loads in service. Absol ute requirements such as "no damage" 
are meaningless. but what consti tutes an acceptable level of 
damage? How should it be measured? 

• Waterproofi ng membranes must he well bonded to the 
deck and the surfac ing. What bond strength is required? Should 
it be measured in shear or tension" How should aging and 
loading be simulated? What bond strength is req uired if a ven
ti lating layer is used? 

• Waterproofing systems must bridge cracks in the deck 
slab, including those that are present at the time of installation 
and those that develop later. What width of crack shoul d he 
bridged'1 What rate of crack movement should be used in simu-

PERFORMANCE OF GENERIC PRIMERS AND ADHESIVES (adapted from 9) 

Type of Material 

Bituminous primers 

Resinous primers 

Oxidized bitumen 
adhesives 

Latex adhesives 

Self-adhesive backing 
to sheet membranes 

Positive Attributes 

Workable over ambient temperature 
range although some unmodified 
solvented types increased viscosity at 
low temperatures. 

Workable over ambient temperature 
range; moderate waterproofing ability 
and good resistance to ch loride 
penetration. 

Effective barrier to water and chloride 
transmission when fu lly bonded and free 
from blow holes; minimal water 
absorption. 

Rond generally effective when applied 
at above I 0°C. 

Negative Attributes 

Drying time was temperature and 
moisture dependent and took from I to 
48 hours, depending on composition; 
limited waterproofing abi lity and poor 
long term adhesion. 

Pot life limited at high temperatures. 

Significant increase in stiffness at low 
temperatures; prone to embrittlement 
and debonding; generally poor long term 
bond. 

Very poor adhesion to concrete; 
ineffective barrier to water or chloride 
transmiss ion. 

Below 10°C, bond progressive ly weaker 
and almost non-existent below 5°C; 
poor bond if laitance or contamination 
of concrete; prone to debonding in the 
long term . 



TABLE 7 
PERFORMANCE OF GENERIC WATERPROOFING MEMBRANES (adapted from 9 and 2 / ) 

Type of 
Membrane 

Asphalt
impregnated 
fabrics 

Polymer 
sheets 

Elastomer 
sheets 

Asphalt
laminated 
boards 

Bituminous 
liquid 
membranes 

Mastic 
asphalts 

Urethane 
resin system 

Epoxy res in 
system 

Acryl ic resin 
sys tems 

Positive Att ributes 

-Fabri cs not mineral dressed remained flexible. 
-Not punctured, but deeply indented, by hot aggregate for membranes with a 
polyester fleece core, a mineral dress ing and a thickness of al least 4mm . 
-Performance improved by using elastomer/polymer modified bi tumens lo raise 
softening point and reduce damage. 
-Resistant to tearing. 

-Bituminized PE. laminated PE and polymer- plastici zed PVC sheets generally 
remained flexible and less liable to recoil and uplift. 
-Chlorosulfonated PE (>3mm thick) and polymer-plasticized PVC sheets not 
punctured by hot aggregate. 
-Extruded and polymer-plasticized PVC sheets not damaged by si te activities. 
-Most had low water absorption, and good resistance to water and chloride 
transmission prov ided fully bonded and not punctured. 

-Butyl and polyisoprene rubber remained flexible over ambient temperature range 
and were undamaged by site activit ies. 
-Poly isoprene unaffected by high temperatures. 

-Not damaged hy si te activities. 
-Thickness of boards contributed to low chloride transmission. 

-Polymer modified compositions remained flexible over ambient temperature 
range. 
-Must be used in conjunciion with asphalt-laminated board; board and membrane 
penetrated by hot aggregates but se lf-scaling nature prevented chloride penetrat ion. 

-Indented by hot aggregates but thickness prevented penetration. 
-Good waterproofing integrity and low water absorption if fu lly bonded and 
undamaged. 

-All systems had good long term adhesion to concrete. but weaker bond to asphalt 
-All systems remained flexible and resistant to fue l damage. 
-Fast cure systems remained flexibl e, free from damage by si te acti vities, or hot 
aggregate: these systems also had good waterproofing integrity and low 
transmission of chlorides, properties which were assisted by the primer. 

-Chloride transmiss ion low where no p inholes. 
- Excellent hand to concrete. 
-Not affected hy fuels. 

-Very good bond lo concrete and a moderate bond lo aspha lt via a tack coal. 
-Fast cure acry li c systems remained flexible and free fro m damage from site 
acti vities or hot aggregate over normal temperature ranges: good chloride 
resistance and waterproofi ng mtegrity which was assistccl___t,y_thc primer. 

Ne_aative Allributes 

-Mineral dressed membranes stiffen and difficult to unroll be low 5°C. 
-Core material s of asphalt impregnated glass cloth or woven polypropylene easily punctured. 
-Undressed fabrics liable to damage by cold and hot aggregates. 
-Damaged by prolonged exposure lo fuel. 
-Oxidized bitumen adhesive had poor long term bond. 

-Extruded EP, some chlorosulfonated PE and EV A sheets had progressive sti ffen ing at low 
temperatures with excess ive recoil and uplift al the edges. 
-Most systems punctured by hot aggregate because of low softening poin t and thin sheers, 
even when used with mineral dressed protec tion sheets. 
-Extruded PVC sheets susceptible to damage from prolonged exposure to fue l. 
-Bitumen adhesives or pressure sensitive adhesives prone to debonding. 

-Both systems debonded. 
-llutyl system damaged hy hot aggregates at temperatures above I 50°C. 
-Butyl system damaged by pro longed exposure to fuel. 

-Stiffened and c racked on flexing at low temperatures . 
-Severely damaged by hot aggregate above the softening of the hitumen. 
-Delaminated at very high asphaltic temperatures. 
-High wate r absorption. 
-Self adhesive systems gave a moderately satisfactory bond. 

-Bitumen- in-solvent solutions were prone to extensive pin and blow holes and blistering 
during laying; a lso prone to embri ttlement at low temperatures: penetrated by aggregate at low 
aspha lt appl icat ion temperatures. Water absorption, water and ch lor ide transmission high. 

-Prone to pin and blow holes, partly because of low reflectivity. 
-Softened considerably at moderate asphalt temperatures. 
-Embriuled at low tem peratures . 
-Severely affected by exposure to gasoline. 
-Minimal bond unless primer used. 

-Thin coatings (<2mm thick) prone to damage by asphalt surfacing, irrespect ive of material 
composition. 
-Some cold tar and elastomer modified systems prone to pinholing . 
-Cold tar modified urethanes liable to damage from site act ivities and hot aggregate; most had 
moderate to high water absorption; one system atlackcd by chlorides and fungal growth. 

-Thin cold ta r modified systems were severely embrittled at low temperatures and under hot 
asphalt which lead to damage by aggregate; a lso prone to pinholing . 
-Water absorption varied between systems. 
-Epoxy resins modified with urethane and either reinforced wi th a fabric sc rim or mineral 
filled to form a slurry were very robust but less flexible; good waterproofing integrity and low 
chloride transmission. 

-Some softening of fast cure systems after prolonged fuel exposure. 
-Ure thane-modified type cracked over existing crack in the conc rete. 

EP = ethylene propylene, PE = polyethy lene, EV A = ethy lene vinyl acetate, PVC = polyvinylchloridc. N 
C,J 
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lat ion tcst~'1 How hould aging be simulated? What 1s the 
acce ptance criterion? 

Similar questions can be formulated for most of the require
ments identifi ed in Table 8. The exerci,e shows why it is diffi
cult to formulate acceptance requi rements for membranes that 
could then fo rm the basis for a performance spec ification . 

Materials Specifications 

·early all the agencies in North America that u c wate r
proofi ng membranes reported having materials specifications. 
In some cases. the requirements for the waterproofing materials 
arc part of the construction spec ifications. In most agencies. 
membranes are specified by a clause that requires the contrac
tor to use only approved products. Sometimes the products arc 
li ~tcd by name and supplier in the specification directly , and in 
o ther cases re ference is made to a listi ng in another document. 
The process by which products arc approved vari es with the 
agency but typicall y consists of a review of in formation and 
lest results provided by the rn anufaclurcr, someti mes supple
mented by labora tory testing. T he first few installations are 
usuall y designated as fie ld trials and. provided that no seriou~ 
problems arc identified. approva l follows. Engineering judg
ment is a key factor in the approval process . 

TABLE 8 
REQLJ IREME TS FOR WATERPROOFING SYSTEMS 

During Installation 
•Tolerant of variable surface roughness and cleanl iness 

•Tolerant of changes in temperature and humidity 

• Easy to install , independent of deck geometry 

• Bonds we l I to deck, especially at edges 

•Resists damage by loose particles, fuel spillage, foot 
traffic , and dropped objects prior to surfacing 

•Not damaged by paving equipment 

• Not damaged by asphalt application temperatures up to 
I 80°C (356°F) 

• Bonds wel I to surfacing 

In Service 
•Unaffected by serv ice temperature, which could be -40 
to 60°C (-40 to 140°F) 

•Remains watertight and bonded to deck and surfac ing 
during anticipated service life (typically 15 to 30 years) 

•Resists puncture by aggregates in surfacing as a result of 
traffic loads 

•Resists shear stresses from traffic loading (including 
braking and turning stresses) 

•Bridges cracks in the deck slab 

•Unaffected by sa lt and wate r, including traffic-induced 
hydraulic pressures 

•Surfacing can be replaced without replacing membrane 

The above situation re flects the difficu lty o f preparing a 
materials specification for waterproofing membranes that can 
be made from several generic groups of materials, and for which 
satisfactory performance is determined by the intcraclion o f 
many complex factors. r aced with thi s dilemma. the u. ual 

approach has been to identify products thoug ht to be suitable 
and then write a specification based on the known properti es uf 
the indi vidual products. Thi s approach was taken in the re

search for NCH RP Reporl 165 and has been pcrpeluated until 
very recently. 

In the study for NCI/RP Report /65. several tests. listed in 
Table 3, were used to s imulate field perfonnancc. and five 
membranes were selected for fie ld trials. Spec ifica1ions were 
written, hut the materials requireme nts made no ment ion of the 

performance require me nts. only the materials characterization 
tescs. These specification · are summarized in Table 9. The 
weakne ·s o f thi~ approach is readily appare nt. The five prod
ucts were a ll sheet membranes intended for the same applica
tion, yet the requirements had li tt le re levance IO the service 
conditions. For example, the de flection temperalllrc fur une 
product was <-6 1 °C ( <-77°F) and for anolhc r ii was 7 10 l 3°C 
(45 lo 55° F). Similarly, the te ns ile strength at e levated tem
perature ranged from 4. 1 to 9.6MPa (600 to 1400 psi). and for 
one produc t no strength was specified. 

Mure recently there has been a movement toward generic 
specificat ions, partly because of the incenti ve to develop per
formance speci fications and partly because of the di si ncentive 
to spec ify proprierary prod ucts. An example is the specifica
tion used by California that appl ies to preformed. reinforced 

sheet membranes made from rubberized aspha lt or polymer
modified bitumen. T he ·pecification requirements are given in 
Table 10. Despite the progress made. the requirements stil l rely 
on materials eharac lc ri7ation tests and include di fferent crite ria 
for the softening point of the two materials. 

Other agencies are a lso working toward devcloping perfor
mance ~peci ficatio ns. For example, the New England slates 
have prepared a draft specification for sheet membranes that 

includes requirements for adhes ion to the concrete and the sur
facing. flexibi lity, water transmis~ion. water ab ·orption. and 
resistance tu punctures. The hot-applied rubberi7ed asphalt mem
brane widely used in Canada is covered by a Nati onal Standard 
of Canada (63). which is generic and includes seve ral perfor
mance requirements. The development of a European specifi
cation fo r preformed membranes was noted in C hapter 2. 

In the absence of performance specifications, there is little 
reason for manufacturers to improve their products because im
provement would li kely increase cos ts and reduce sale due to 
the low bid process. Because of a myriad of agencies, and 
lengthy and informal approval processes, there is litl le incen
ti ve for other manufacturers to enter the marketplace. e pe
cially with new type of membranes. The publ ic sector market 
does not typically reward superior performance . or innovation. 
making it very diffic ult to recoup developme nt costs. These 
circumstances, which preserve the status quo. arc not unique to 
waterproofing membranes. but are a symptom of the institu
tional impediments to the introduction of any new products in 
the highway industry (64). 
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TABLE 9 
SPECIFICATION REQUIREMENTS DEVELOPED AS PART OF THE STUDY FOR C HRP REPORT 165 (/2) 

Membrane 

Re inforced, modi fied 
pvc sheet. 3mm 
(0. 125 in. ) thick 

Vulcanized 
chloroprene rubber 
sheet. 1.5mm (0.06 
in.) thick 

Vulcanized buty l 
rubbe r sheet, 1.5mm 
(0.06 in.) thick 

Vulcanized butyl 
rubber sheet, 0.8mm 
(0.03 in.) thick 
lam inated to asphalt
saturated asbestos 
fiber felt. 0.8mm 
(0 .03 in.) thick 

Vulcanized 
polypropylene 
rubber sheet. 1.5mm 
(0.06 in.) th ick 

Tensi le 
Strength. 

MPa@25°C 
(lb/in2@77°F) 

7 to 10.5 
( IO00 lO 1500) 

13 to 15 
( 1900 to 2200) 

8.5 to 10.5 
( 1200 to 1500) 

>1 0.5 
(> 1500) 

9 to 11 
(1300 to 1600) 

Note: NR = No requirement. 

DESIGN 

Selection of Waterproofing Systems 

Tensile 
Strength. 

MPa@60°C 
(lb/ in'@l 40°F) 

4 l o 6 
(600 to 900) 

9.5 to 12.5 
(1400 to 1800) 

7.5 to 9.5 
( I 100 to 1400) 

NR 

2.5 10 3 
(380 to 430) 

Elongation. 
%@25°C (77°F) 

130 to 180 

260 to 300 

300 to 350 

>3 10 

IO00 to 1300 

As no ted in Chapter I. the reasons fo r us ing, or not using, 
waterproofing me mbranes in new con !ruction vary from 
agency lo agency. The dominant factors are perfo rmance ex
perience and cost, when comparcu with alternative methods of 
corrosion protection. The avail abili ty, convenience, and per
ceived sati~factory performance o f epoxy-coated reinforce-

TABLE 10 
CALIFORNIA SPECIFICATIO N REQ UIREMENTS FOR 
S HEET MEMBRANES 

Test 
Prope rty Method Requirement 

Tensile s trength ASTM 0882 >8.8kN/ m (>50 lb/in.) 

E longation ASTM D882 > 15 % 

Pliability ASTM D146 No cracks 

T hickness > 1.6mm (>0.065 in.) 

Softening point AASHTO T53 >74°C (> 165°F) 

(rubberized aspha lt) 

Softening point AASHTO T53 >99°C (>2 10°F) 

(polymer mod ified 

bitumen) 

Elongation, 
%@60°C ( I 40°F) 

200 to 250 

230 to 270 

280 to 320 

NR 

350 to 400 

ocnection 
Temperature, 

oc (Of) 

-20 to -26 
(-5 to -1 5) 

7 to 13 
(45 to 55) 

<-57 
(<-70) 

<-6 1 
(<-77) 

<-57 
(<-70) 

Water 
Absorption, % 

<2.2 

<0.65 

<0.15 

R 

<0.20 

Dimensional 
Stability, % 

I 0.25 

NR 

NR 

NR 

NR 

menl have resulted in decreased use of membrane~ in new 
construction in the Unitcu Stales over the past two decades. In 
many cases. the need to use a bituminous surfac ing has a 111a

j or influence on the uec ision not to use waterproofi ng mem
branes. T he addi ti onal dead load. the inabili ty to inspect the 
deck surface. and poor performance of bi tumi no us surfacing~ 
arc the reasons g i vcn most freque ntly. In o the r cases. the 
objection is focused di rectly on the membrane. Several agen
cie~ trieu membranes in the I 970s. but prob lems were encoun
tered in the installa tions. and the decision lo te rminate their 
use has not been revisi ted. 

NCH RP Repurt 297: Eva/11ation of Bridge Deck Protective 
Srraregies (//) reported results of the investigation of five strat
egics fo r preventing corrosion in new bridge decks: I) 75 mm 
(3 in.) or more of concrete cover, 2) a low sl ump concrete 
overlay, 3) a latex-mollified concrete overlay. 4) a waterproof
ing membrane and asphalt overlay, and 5) cpoxy-coateu rein
forci ng steel. The performance of these strategies was exam
ined throug h a litera ture review. a survey o f transportation 
agencies, and fiel d investigations. fol lowed by analysis o r the 
data . 

In contrast w ith the other strateg ies. the service li f'c of wa
terproofing membranes is not affected by quantities o f salt us
age . provided that the membrane is effective. However. the 
report states that after about 15 years of service. membranes 
deteriorate because o r en vironmcnlal factors and traffic load
ing. thus req uiring them to be removed and replaced . The life 
of a bituminous surfacing was also esti mated to be about 15 
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TABLE 11 
PRESENT VALUES OF 50-YEAR LIFETIME COSTS 
FOR BRIDGE DECKS CO STRUCTED WITH VAR IOUS 
PROTECTIVE STRATEGIES (//) 

Cost', $/m2 

Bridge Deck Protection Alternative ($/ft 2
} 

Single 
Protection 

Double 
Protection 

Cover thickness of 90mm (J.5 in) 

Epoxy-coated top mat 

Latex-modified or low- slump 
concrete overlay 

Waterproofing membrane and 
surfacing 

Epoxy-coated top and bottom mats 

Epoxy-coated top mat and latex or 
low-slump concrete overlay 

Epoxy-coated top mat and 
waterproofing membrane 

1 1986 figures. 

149.95 
(13.93) 

154.47 
( 14.35) 

176.00 
(16.35) 

172.0 1 
{15.98) 

160.93 
(14 .95) 

182.45 
(1 6.95) 

178.47 
(16.58) 

years. The cost effectiveness of the five st rateg ics used on their 
own. and three double protection strategies. was calculated o ver 
the SO-year design li fe of a bridge deck. The resu lts of this arc 
given in Table 11 . Waterproofing systems were found to be 
more expensive than epoxy-coated steel. but slight ly less ex
pensive than concrete overlays, in both single and double pro
tection strategies. 

For those agencies using membranes. a number use them 
only under specific conditions. The most common applicat ion 
is on secondary route bridges. This application implies that 
membranes have not performed as well under heavy traffic 
loading~ associated with bridges on primary routes. There al~o 
appears to be a tac it recognition that membranes may be unsuit
able for structures on steep grades. or at locations where heavy 
vehicles are braking or turni ng al low speeds. However. the 
survey did 110 1 find evidence of these limi tations being stated 
explicitly. Although certain generic types o f membrane are 
less likely to cause rutring or shov ing in the overlay. only one 
survey respondent had developed criteria requiring that only 
certain waterproofing systems be used in ~pecific situations. 
Oregon speci fies the maximum slope (longitudinal grade + 
crossfall) on which each of the approved membranes can he 
used. All membranes are limi ted to a slope of 4 or 5 percent. 
except for a resin system. which can be u~ed on slope of up 10 

8 percen t. For all other respondents. if a waterproofing mem
brane wa, ~pccified. then any product approved by the agency 

could be used in any , iwation. This findi ng i, not ent irely 
surprising in view of the fac t that most agencies approve only a 
few products. and often of the same generic type. 

Design Details 

Design detai ls have a major effect on the performance of 
waterproofing systems. A prime consideration in any design is 
10 ensure that water is removed quickly from the deck through 
the provision of adequate longitudinal and transvcr c (crossfall ) 
grades. and sufficie nt deck drains. T his not only has safety 
implications but it reduce~ the opportunity for waler to perme
ate the surfacing and pond on the surface of the membrane. 

Deck drains usual ly extend 10 just below the top of the as
phalt surfacing. and it is therefore important lo en ure that the 
drain~ arc ~lotted at the membrane-asphalt interface to allow 
water that reaches the membrane surface to drain away. Maine 
investigated the u,c of wick drain between the membrane and 
the surfacing to speed drainage from the deck. and decrease 
icing and break-up of the surfacing adjacent to the curbs. The 
drai ns consisted of four layers of geotextile material, having a 
total thickness of 13 mm (0.5 in .). installed I 40 111111 (5.5 in .) 
wide along the base of the curb. The performance was moni 
tored for 5 years. Although drainage was more rapid. there was 
no evidence that the life of the membrane or the surfac ing was 
increased. and it was determined that the cost of the wick drains 
could not be justified (65). 

Deck drains are often not located at the lowest points of the 
deck slab (in environmentally sensitive locations. there may be 
no deck drains). and seepage drai ns should he provided. The 
purpose of the seepage drains is to remove water from the sur
face of the membrane. and a typical de tail is shown in Figure 8. 

Waterproofing 
and surfacing . 

I 

End . 4 
diaphragm -JJ.-- ~ 

Soffit 
. ., 

NOTE 

Expansion 

1. Top of drain to be installed flus h with top of 
concrete deck. 
2. Coupler aod extension piece not to be installed 
until after removal of deck framework. 
3. Drain to be 40 mm ID rigid PVC tube. 
4. All metal parts to be galvanized. 

FIGCRE 8 Typical seepage drain detail. 



F IG U RE 9 Wate r po nding on a membra ne where a seepage 
drain is not prov ided . 

These drains arc abo so111cti111cs ca lled b leeder drains. To be 
e ffecti ve. the top of the d ra in m ust he inst alled fl ush w ith the 

top o f the concrete deck. and wate rproo fin g mate ria l must not 
seal the tube . Figure 9 shows a deck (bu ilt witho ut seepage 
dra ins) with wate r pond ing o n the membrane prior to applica

tion o f the surfacing. In Europe. proprie tary seepage drains that 
are attached to the formwork prior to p lac ing the deck slab arc 

someti me s used. Some models al low fo r the escape of vapors 
from a venti la ting layer as well m, drai nage o f the surl'ace u f the 

membrane. Altho ugh sometimes used in Europe . vent il ating 
layers a rc 110 1 recommended because o f the importance of' bond 

to the overall pe rformance of wate rproofing syste ms . Ot her 

precautions. di scussed e lsewhere in th is chapter. can be taken 
to pre vent b list ering. 

T he po int o f d ischarge of seepage drains must be desig ned 
with care to ensure that salt-laden water is not d ischarged on 

othe r parts o f the s truc ture , especial ly o n vulne rabl e co mpo

nents such as bearings. Seepage drains should not be take n 
thro ugh voids in the supe rstruc ture. such as throug h box beams. 

because the co nsequences of leakage could be serious. T he 
vo lu111c o f wate r passing through seepage drai ns tends to be 

drips. rather than a steady flow. so that if the location of the 
disc harge is acceptab le fro m the e nvironm ental s tandpo int. fac
tors such as e rosio n are not a consideration . 

Waterproofing systems are most vulnerable to leakage at the 
perimete r o f the dec k. hut the re is no consensus as to ho w or 
where the membrane sho uld be te rmina ted at curbs . wall s. or 

ex pans ion joints. A numbe r o t' agencies spcc i fy additio nal mea
sures at the termination points. such as the use of an adhesive 
w ith sci f'-adhcsive s heets. a double thickness o f membrane, or a 
rubber shee t with liquid me m branes. The purpose o f a ll these 

desig n and ins tallation de ta ils is to pre vent water fro m ru nning 
clown a vertica l face and see ping under the wate rproofing . T his 

has resul ted in several jurisdic tio ns adopting a chase detail to 
terminate the Wilterproofi ng on the theory that if the edge uf the 

membrane is no t exposed. the possibili ty of leakage is red uced. 
T wo types of chase detail a re illustrated in Figure I 0 . T he 
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sq uare chase shown in Figure I 0a is easie r to form, but has the 
cfo,ad vantagc o f be ing di ffic ult to place and co111pac t the surfac

ing witho ut voids. The sloped chase shown in Figure I Oh alle 

viates the compact io n problem but is more difficult to fo rm . 
Severa l vari at io ns on the deta ils show n in Fig ure IO arc pos

s ib le. In the c ase o f a liq uid membrane. partic ularly a visco us 
rna tl'.ria l such as rubbcri Lcd asphalt. the chase may be filled 
with the membrane . T here is no consensus as to the optimum 

height o f a chase . Figure IO shows the chase ending just below 
the base course so that it is f'il lccl w ith the first li ft of' as pha lt. It 
is common practice for the surface cou rse to be placed weeks or 
months latn. and undes irable to leave the membrane exposed 
to wate r and contamin at io n. Some agencies extend the c hase to 

the le vel o f the top of the surface course. If the c hase is ex
te nded furthe r. it is vul nerable to damage by snowplows. Evrn 

where a chase is not used . the height at which the membrane 

te rmina tes differs from agency to agency, tho ug h the consider
a tio ns arc essentially the same as thusc fo r chases. 

There is no agreement that a chase will improve membrane 
pcrforrmmcT . T he practice in Ve rmont is not to apply pre-

1 bridge curb 

membrane 

a) square chase 

L bridge curb 

surface course 

membrane 

b) sloped chase 

FLGURE IO Typical chase deta ils. 
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formed membrane to a vertical face, hut to seal the perimeter 
with a compatible liquid sealant. 

Unfortunately. the area of the deck in which the membrane 
is most prone to leakage coincides with the location where the 
surfacing is most porous because it is di fficult to compact it 
properly adjacent to curbs, wall s, and joints. Rather than rely 
on a tack coat to bond the surfacing to the vertical concrete 
surface. some agencies use a detail that involves formin g a 
groove. which is fi lled with joint sealant. This ;.illows the sur
fac ing to pull away from concrete while still maintain ing a 
watertight seal. 

It is difficult to provide a comprehensive reporting of satis
fac tory edge detai ls because of the wide variat ion in practice 
and the fact that the situation is changing constantly as details 
thought to be performing satisfactorily arc di~covered to be 
leaking. The lack of consensus on edge details is perhaps best 
illustrated by an OECD report (5) that gives examples of a wide 
range of detailing practices used in member countries. Most of 
the detai Is used are sound in theory. and the fac t that they work 
at some locations, but not other~. suggests that performance 
may be influenced more strongly by the quality of construction 
than the ac lllal detail used. 

In cases where the sequence of constructi on requires that the 
membrane be installed before construction of a barrier wall or 
expansion joint. sealing the vertical face of the concrete pre
sents a troublesome detail. Either the surfacing must be re
moved and the membrane lapped, with a termination as de
scribed above. or a groove is sawcut full depth through the 
surfacing adjacent to the concrete and fi lled with a flex ible joint 
sealing compound. 

Anothe r situation vul nerable to leakage is where a deck con
tains acti ve. wide cracks (typically >2 111111 or >0.0 I 8 in . wide) 
or constructi on joints. The most suitable design detail for deal
ing with thi s situation depends on the typL: of membrane used. 
For sheet systems. a second strip can be applied as reinfo rce
ment. This works better for sheets that are not self-adhesive 
beL:au~e. if the stri p is bonded only at the edges. the strain in the 

strip is much less than in the membrane. ln some areas. such as 
New England. the practice i~ to apply the strip over the crack 
before installi ng membrane over the entire deck. r:or liquid 
systems. the most common detai l is to embed a ~trip of' sheet 
me mbrane as re in forcement in the liquid membrane. An alter
nati ve approach is to rout and seal the crack or joint beforL: 
applying Lhl: me111brane. This on ly works when the cracks are 
few and we ll defined. and the joint sealing material must be 
compatible with the mem brane. These detail s at'l: il lustrated in 
Figure 11. Figure 12 il lustrates an applicati on in whic h the 
detail shown in Figure I I b was used at a construction joint in a 
deL:k. 

CONSTRUCTION 

Waterproofing a new bridge deck comprises the fo llowing 
operations: 

• Prepari ng the deck. 
• Pri111ing the concrete (where applicable) , 
• Installi ng the waterproofing membrane, 
• Protecting the mL:mbranL: with boards or sheet~ (where 

applicilble). 
• Applying a rack coat to the membrane (or protccti vL: 

board or sheet), where applicable. and 
• Applying the a phalt surfac ing. 

This section describes thcsL: phases of waterproofing a deck 
and includes a discuss ion of construction specifications. 

Deck Preparation 

A sound. leve l. uncontaminated. dry. dust-free substrate is 
essential for a strong and du rable bond between the concrete 
and the membrane. Survey respondents listed sweeping. air 

sheet membra ne 
bonded to deck 

reinforcing sheet 
bonded at edges 

reinforcing sheet 
embedded in liquid 

membrane liq uid 
membrane 

crack routed 
and filled wi th 

flexible seala nt 

a) sheet membrane b) liquid membrane c) liquid membrane 

FIGURE 11 Waterproofing details at active cracks and construction joinh . 



FIGURE 12 Use of a stri p of preformed sheet embedded in 
liquid membrane at a construction jo i111 in the deck. 

blasting. abrasive b lasting, water blasting, and c hemi cal sol
vents as methods for deck pr·e paration . Most states using me m
branes in new construction required air o r abrasive blast clean
ing o f the deck. Sometimes abrasive blasti ng is used lo expose 
sound. laitance-free concrete, fol lowed hy air blasting immedi
ately before application of the tack coat to remove dust and 
debris from the deck surface. Figure 13 il lusl r<1 tc~ an example 
o f ~and blasting. 1ote that the compressor should not be on the 
deck due 10 the risk of o il dr ippi ng~. 

A number of sta te specifications require that the deck sur
face be c lean. whi le lea, ing the method o f cleaning the deck as 
the contractor' s option. Given the imponancc of good bo nd to 
the successfu l performance of a membrane, and the absence of 
a definition of "clean ... a more specific stateme nt is needed . 
While industry standards exist for specify in g the preparation of 
steel surfaces. comparable definitions and standards still do not 
ex ist for concrete surfaces . 

Where a c uring compound was used on the concrete surface, 
it must be removed completely (66). This can onl y be clone 
adequate ly by water o r abrasive blasting. Duri ng field tri als 
undertaken in Cali fo rn ia in the early 1970s, problems were ex
perienced w ith two diffe rent systems because of reactions with 

F IGU RE 13 Sand blasting a bridge deck prior to wate rproof
ing. 
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a chlorinated rubber c uring compound that was no t removed 
(67). In one case. the reaction was with toluene used as the 
solvent in a primer; in the ot her, it was with a liquid urethane 
membrane. 

The surface of the deck must also be flat and smooth. Lo
calized depressions can result in water seepage through the sur
fac ing and ponding on the me mbrane. If this happens to co in 
cide with a wheel-track, the me mbrane will be s ubjected to 
hi gh transient pressures (68). A surface tolerance that does not 
pe rmit a deviation of rnore tha n IO mm over a 3-rn gauge length 
(0.38 in. in IO ft. ) and proj ections of no more than 3 111111 (0.12 
in.) has been used in the U nited Ki ngdom for many years 
(22,68). Simi lar tolerances have long been speci fi ed elsewhere 
in Europe (5). S urface soundness and cleanliness are much 
more important to the ach ievement of a good bond than is ~ur
face roughness. A rough surface, particularly one with sharp 
projecti ons. can contribute to poor membrane performance by 
causing punctures in . heel membranes and local reduction in 
the thickncs · o f liquid membranes. Sharp projections can be 
removed by grindi ng or by abrasive o r water blas ting. Local
ized depressions require patching, though the perimeter o f the 
patch must be saw-cul 10 avoid feat her edges. 

Some agencies specify th at the deck reach a minimum age. 
typically 28 clays, before be ing waterproofed to allow for proper 
c uring o f the concrete . fo llowed by a period of air drying. T he 
delay between placing concrete and application of the mem
brane is somewhat arbitrary. Factors such as the weather im
mediately prior to. and during. application of the waterproofing 

are li ke ly to have a greater cfTccl on membrane performarn.:e. 

Application of Primers 

A prime coat is used in most waterproofing ~ystem~ to im
prove the bond be tween the membrane and the deck s lab. Until 
the last few years . the most common primer cons isted of an 
asphalt-ce ment c ut back w ith an equal measure of gasoli ne sol
vent. Recent re ·trictions on volatile organic compounds have 
led to a muc h greater use of aspha lt emulsions a~ primers. 
Resin-based prime rs are also used. For proprietary sheet mem
branes, it is common for the primer to be specified and supplied 
by the manufacturer of the membrane. Most primers are ap
plied by spray, as shown in Figure 14. or squeegee, in one or 
two coats. Vermont requires that the primer be applied by 
roller, as shown in Figure 15, to prevent an excessive amount of 
primer on the deck. 

The cure time for primers can range from less than I ho ur 
for some resinous types to 24 hours or more for sol ve nt-based 
primers in adverse weather conditions. Bli sters can be caused 
by the vaporizatio n of o lvents in inadeq uately cured primers 
and products with critical curing times should not be used (2). 

T he membrane~ should be applied soon after the prime coat 
has cured. Long exposure results in deterioration o f the primer, 
often accompanied by contamination of the primed surface. In 
such cases. the surface must be c leaned and an additional primer 
coat applied. Spec ifications typically prohibit eq uipment and 
foo t traffi c on the primed surface until the primer ha~ cured 
completely. 
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FIGCRE 14 Applicatio n of an aspha lt emulsion primer using 
a spray. 

Installation of Membranes 

The application technique used for installi ng the me mbrane 
depends on the waterproofing ,ys te111. Some speci fi cations , talc 
,imply that the procedures sha ll he in accordance with the 

manufacturer" s in~tructions . Others slate that the work shall be 
done by an appli cator approved hy the manufacturer. A few 

speci ficati ons require that u representati ve of the manufacturer 
be present. Mo,t spec ification, place restrictio ns on installi ng 

membranes in adverse weather conditions. These rest rictions 
vary with the agency and the type of membrane but , under no 
circumsta nce,. should membranes be applied when the deck is 
wet or frosty. o r if there is precipi ta tion. 

FIGURE 15 Appl ication o f a proprietary primer using a ro lle r. 

(Courtesy of Vermont Agency of Transpo rtation) 

FIG URE 16 Applying adhe,ive to the deck a nd an EPD.\1 
rubber sheet. (Courtesy of Vermont Agency o f Transportation ) 

Shce1 Me111/Jra11es 

.\llany sheet membrane~ arc suppl ied in roll s approximately 

to 1.5 111 (3 to 5 ft) wide and IO to 15 111 (30 to 50 fl) long. 
The lc11gth i, usua ll y lim ited 10 a weight that can be handled 
by one person. A number of sheet membranes introduced in 

the I 970s were , upplicd in widt hs up lo ] m ( IO fl ). The ro lls 
were heavy and very di ffic ult to handle in wi ndy conditi ons. 

Some of the s heet, req uired the application of a contact adhe
s ive to the deck and the membrane. This is ill ustrated in Fig
ure 16 for an EPDM (ethyknc propylene dic11c monomer) rub

ber , heel. which wa, one of the memhranes selected in the 
study fo r NCI/RP Repon 165 fo r a fi e ld trial. Tht.: membrane 

had tu be rulk d on the deck. as shown in Figure 17. and. once 
the two surfaces touched. the membrane cou ld nut be moved 
and air pockets were common. 

Mo,1 of the s heet membranes used in North America have a 
self-adhes ive backing . The rnernbrancs arc unrolled 10 cover 

FIGURE 17 Ro lling the EPDM rubber ~heel on to the deck. 
(Courtesy of Vermont Agency o f T ransportation) 



the dec k in strips . with an overlap of approximately I 00 mm (4 
in.). The direction of unrolling i~ usually along the length of 
the bridge to avoid addit ional stresses on the lap joint during 
paving operations. Figure 18 shows a typica l in tallation. 
Sometime~ deck geometry or site conditio n, dictate laying 
acros~ the width of the deck. In such cases. the instal lation 
shou ld begin al the low e nd if the <leek is on a grade, the anal
ogy being with shingles on a roof. The adhesives are pressure 
sensiti ve and a heavy hand roller should be used. The bond 
strength is also a function of temperature, and the temperature 
at the ti me of insta llation should be I 0°C (50°F) or more. 

Sheet sy,te rm that are not self-adhesive are u,ually bonded 
by the pour and roll method. Hot ox idized bitumen is poured 
on the deck in front of the sheet as it is unrolled and pressed 
into the bitumen. This is shown in Figure 19. which illustrates 
another of the membranes installed as a field trial in Phase II of 

FIGURE 18 A pplication o f a self-adhesive preformed me m
brane. (Courtesy of Vermont Agency of Transportation) 

CHRP Project 12- 11. The surplus bitumen squee?.ed out dur
ing application of the membrane is used 10 seal the lap joints by 
using a sq ueegee or s imilar tool. 

Some sheet systems used in Europe are applied by what is 
known as the torch-on method. These me mbra ne~ have a bitu
minous backing that acts as an adhesive when it is softened by a 
gas burner as the membrane is unrolled and pressed on the 
deck . 

Liquid Membrn11es 

The rno~t common type of liquid membrane used in orth 
America i~ a hot-applied rubbe rized asphalt. The membrane is 
supplied in blocks to the job site and heated in a mechanically
agitated mixing kett le. The kett le should be of the double boiler 
type, using oi l as the heat transfer medium, for reasons of safety 
and to prevent overheating of the rubberized asphalt. 
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FIGURE 19 Application of a preformed membrane into ho t 
bitumen. (Courtesy of Vermont Agency of Transportation) 

Hot materia l is drawn from the kettle. poured on the deck. 
and spread to the specified thickness (typically 5 ± I mm or 0.2 

± 0.04 in.) in a conti nuous operation. usually by a squeegee. 
The membrane is also extended up the face of curb~ (a~ hown 
in Figure 20). barrier walls. and deck drains as specified. u. u
ally terminating at the top of the surface course. or in a chase 
where this has heen provided . Where the placing operation is 
interrupted. by weather or equ ipment failure for example. the 
membrane is lapped approximately 150 mm (6 in .) when plac
ing resumes. 

FIGU RE 20 Application of a hot-applied ruhberized asphalt 
by squeegee ~howing extension of membrane up the face of the 

curb. 
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FIGURI-: 2 1 Extrusion and application by squeegee of a hot
applied PVC membrane. (Courtesy of Vermont Agency of 
Transportation) 

The method of applying other types of liquid membrane 
varic~ with the type of material. They may he applied by spray. 
brush. or . queegee to form a seamless layer bonded to the deck. 
Figure 2 1 ~hows a hot polyvinyl chloride (PVC) membrane 
he ing extruded from the mixer and spread by a squeegee. Spray 
equipment used to apply some two-component system is very 
sophisticated usi ng microprocessor controlled metering and 
mi xing devices. For some system~. a second coat is applied 
after the fi rst coat has cured. The two coats may he a di ffe rent 
color to make it ea~ier for the applicators to gage the thickness 
of the second coat (69). 

Blis1eri11g 

Blistering has been identified as a significant problem in 
satisfactorily waterproofing a bridge deck (18) and affects both 
preformed and liquid membranes. Blisters are caused by the 
expansion of air in the concrete after application of the mem
brane. a phenomenon sometimes known as outgassing. Water 
or water vapor is not a necessary requirement for blister forma
tion , but is usually a contributing factor (70). The vaporization 
of even a small quantity of water contained in the concrete 
produces a substantial volume of water vapor and exerts a sig
nificant pressure on the memhrane. Blisters may take several 
fo rms ranging from numerous pinholes (barely visible to the 
naked eye) (~cc Figure 22) common in liquid membranes, to 
large blisters that may cover 0.1 m2 ( I ft~) or more in sheet 
membranes. 

A distinction is sometimes drawn between blisters and 
blowhole. (2,5). Blowholes. which ha ve the characteristic ap
pearance of ·mall craters. occur at the time of installation of 

FIGU RE 22 Numerous pinholes and blisters in a two-compo
nent polyurethane membrane. (Courtesy of Vermont Agency of 
Tran portation) 

liquid membranes: blister~ may develop in any kind of mem
brane seve ral hours after installation. Blowholes may be formed 
by the rapid expansion of vapors in the concrete <luring installa
tion of hot-applied products or during the curing of cold-ap
plied products because of rising ambient tempera Ill res. decreas
ing atmospheri c.: prc.:~~urc. or the increase in deck temperature 
caused by increased ahsorption of solar radiation upon applica
tion of a black or dark-colored membrane. The possibi lity of 
blisters or blowholes occurring in any situation i~ delermi ned 
by the porosity and moisture content of the concrete (7 / ) and 
the atmospheric.: conditions during and after installation. 

Membrane can be placed without blowing if atmospheric 
and sub ·trate condition~ arc favorab le. One solution lo the 
blis1ering problem is to ensure that the deck temperamre i:, 
higher than ambient temperature at the ti me the membrane is 
applied and, where appl icah le, during the curing period of ei
ther the membrane or its adhesives . This would suggest that 
membranes should be applied in the eveni ng or at night , but 
there is no evidence of thi s strategy being employed. Sealing 
the deck prior to applying the membrane is another po,~ible 
approach that could reduce the possibi lity of bli ster forma tion. 
When the membrane b cured. the bond to the deck is u,ually 
suffieienl 10 rcsi, 1 apor pressures from within the concrete. 
However. the risk of bli ster formation can be reduced by mini
mizing the time between membrane and asphal1 placement. 
Except for one unusual case (/9). a 50-mm (2-in.) thickness of 
asphalt has been found :,uffieient to prevent bl isters occurring 
after the hot mix has been placed. The same study found that a 
20-mm (0.75-in.) thick layer of sand asphalt was insufficient 
to prevent the formation of blisters. Figure 23 shows blisters 
in a membrane after application of a 32-mm ( 1.25-in .) thick 
base course. The photograph illustrates the same install ation 
as Figure 19, and is interesting in that it represents one of the 
few imtallations of a ventilating layer in Nori!, America. As 
can be seen. the ventilati ng layer did not prevent the formation 
of bl isters. 

The rapid expans ion of vapor during placement of the hot 
mix can al. o result in bli:, ter formation. Unlc~:, the a!>phall 
cracks. these bli, ter~ are difficult to detect and even more diffi
cult to repair. Air pockets trapped beneath a protection layer 
wi ll also ha,·c the same e ffect. 



FIGURE 23 Blisters in membrane and base course. (Courtesy 
of Vermont Agency of Transportation) 

Repair 1J/ Membranes 

It is often necessary to re pair membranes damaged by site 
acti vities or bli ster formation before instal ling the protection 
system and surfacing. 

Sheet memhranes are normally repai red hy cutting out the 
damaged area using a sharp knife until undamaged. well-bonded 
me mbrane is reached. The a rea is c leaned and dried, and a 

patch o f the original membrane is bonded to the deck with a lap 
joint over the existing material. Additio nal bitumen or bonding 

materia l may be appl ied over the Joints. Specified lap sizes 
vary by agency. rang ing from 50 to I 50 mm (2 to 6 in.). Bl is
te rs a re treated in a sim ilar manner, except for sheets with a 

self-adhesive backing where the bli ster is punctured and pres
sure applied to bond the sheet to the deck. The hole is then 

covered w ith a patch. 
The repair o f damaged areas of liquid membranes can be 

di fficult and messy if the bond to the concrete is tenacious . 
Where the me mbrane must be removed, scraping, chipping, or 
chemical sol vents may he required. depending on the mem

brane's chemical composition. New materi al is then applied 
overlapping the existing membrane . 

Where insufficient thickness of material or slight pinhol ing 

creates a need for repair, the membrane is often cleaned and 
overcoated. For hot-applied or thermoplastic materials, blis
te rs, pinholes, and blowholcs can sometimes be repaired by 

applying heat and pressure. Overcoating may be an option fo r 
thermosetting materials, but for thermoplastics the extra thick
ness of materia l may cause instahi li ty . ln such cases, the me m
brane may have to be removed and replaced. 

Installation of Protection Boards 

Protection boards arc used widely in Europe and Canada, 
but rarely in the United State s. In the survey responses only 
Rhode Island and Utah used a protection board, while Colorado 

and New Mexico used roofing felt. 
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In the United Kingdom. protection boards arc nominally Im 
x 2m (3.3ft x 6.6ft) and available in thicknesses of 3, 6, and 12 
mm (0.1. 0 .2. and 0.5 in.) (22) The boards are normally butt 
jointed as they are laid di rect ly on a c uring liquid me mbrane 

and a separate adhesive is no t required. The butt j oints are 
scaled with 75-mm (3-in.) wide re inforced tape. At one time. 

some liquid membranes were protected with a hand dressing of 
mine ral granules. These tended to sink into the partially cured 
surface, however, reducing the th ick ness of the me mbrane, thus 

the practice was di scontinued. Some sheet membranes have 
integral 3-mm (0.1-in.) boards or a mineral d ressing as part of 
the membrane. Others are protected with mineral dressed bitu
minized sheets. which are e ither self-adhesive or bonded with 

oxidized bitumen using the pour and roll technique . Boards are 
normally rigid or semi-rigid and laid on horizontal surfaces. 
Protective sheets are used in conjunction with the boards on 

other surfaces, notably the vertical surfaces at the perimeter of 
the deck. 

The protection boards used in Canada are typically Im x 
I .Sm x 3.6mm thick (3 .3ft x 4 .9ft x 0. I 4in. thick) and are used 
in conjunction w ith hot-applied rubberized aspha ll membranes. 

The protection boards are laid on the membrane while the sur
face is still tacky with the length of the board transverse to the 

deck . The boards are placed with edges overlapping 12 mm 
(0.5 in .) both long itudinally and transversely, with the longitu

dinal j o ints staggered a minimum of I 50 mm (6 in. ). Boards 
are cut so that they are placed within 6 mm (0.25 in.) of the 
perimete r and deck drains . A typica l install alion is shown in 

Figure 24. 
Ontario requi res that the binder course be placed within I 

week of the me mbrane . Wh ile it was always recognized that 

leaving the membrane exposed increased the risk of damage, 
the I -week li mi t was implemented because in ho t weather the 

protection board was found to curl at the edges, resul ting in 
cracks in the su ,i"acing o ver the edges of the boards. 

As part of the exposure plot study trial in the United King-

FIGURE 24 Protectio n boards applied o ver a rubberized as

phalt membrane. 
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TABLE 12 
ESTIMATED MEMBRANE TEMPERATURES FROM 
AMB IENT S HADE TEMPERATURE (condensed from 2 / ) 

Ambient Exposed Under 50mm Under 100mm 
Shade Temp Membrane Asphalt Asphalt 

oc oc oc oc 

30 70-75 50-55 40-45 
20 40-45 25-30 20-25 
10 20 10 10 
0 0 0 0 

-10 - I 0 -8 -6 
-20 -18 -14 -10 

dom, described in Chapter 2 (2/), temperatures on ex posed 
membranes were recorded under ambi ent condi tions. Mem
brane temperatures were also measured under 50 mm and JOO 
mm (2 in . and 4 in. ) of aspha lt surfacing. The highest tempera
tures recorded on exposed membranes exceeded the softening 
poi nt of some me mbranes such that they could he damaged by 
foot traffic. Asphalt surfaci ngs reduced the max imum te m
peratures. However, it was still possible fo r softe r membranes, 
such as rubberized mastic s, to exceed their soft ening point due 
10 solar heating, even when covered by asphalt. These me m
branes are therefore susceptible to dime nsional instability un 
der braking forces in hot sunny weathe r. 

The data were used to prepare a table from whic h an esti
mate of the membrane temperature could be derived from a 
knowledge of the ambient shade temperature. Skies were as
su med to be clear and sunny at ambie nt temperatures above 
0°C (32°F). and to be dull and overcast a t 0°C (32°F) and be
low. A portion o f the table is reproduced in T able 12. lt must 
be remembered that the shade temperature often exceeds 30°C 
(86°F) in parts of North America, therefore membranes are 
even more susceptible to the effects of solar heat. 

In addit ion to the risk of damage and dimens ional changes 
already noted, there are o ther reasons for leaving the membrane 
exposed for the shortest possible time after placement. Appli
ca tion of the su,facing is an effective means of preventing the 
development of blisters. Furthermore, if a membrane surface is 
left exposed. it may be contaminated and the bond to the surfac
ing reduced. Some membranes. particularly those containing 
urethane resins. degrade under ult ra-violet light and shou ld not 
be left exposed. 

Application of Tack Coats 

A tack coat is used in some waterproofing systems, espe
cial ly those using a mineral dressing or protection board. to 
improve the bond between the membrane and surfacing. Bitu
men or resin-based tack coats are used in Europe and the choice 
of' material is not necessarily rel ated generically to the mem
brane. In l\orth America. the tack coat is usually an asphalt 
emulsion. which may be di luted further with water. The tack 
coat is applied hy spraying and the application of the surfacing 

follows as soon as the emulsion has c ured. An excessive appli
cation of tack coat can cause flu shing in the surfac ing. 

Application of Asphaltic Surfacings 

As noted elsewhere in this cha pter. the timin g and applica
tion of asphalt surfacing are cruc ial factors in determining the 
performance of waterproofin g systems. T iming is imporlant 
because the longer the delay between placing the membrane 
and the surfacing, the greater the ri sk of damage, contamina
tion, and bli ster formation. The method of placement, the bitu
minous concrete mixture, and the placing temperature are al l 
extremely important because most membranes arc more vul
nerable to damage during application of the surfacing than at 
any o ther time. 

Survey responses showed that the thickness of asphalt 
surfacings used in North America ranged from 25 to 100 mm ( I 
to 4 in.). Most agencies use 65 to 80 111111 (2.5 to 3.25 in. ) of 
surfacing applied in two lifts. While mixture proportions vary 
from agency to agency, the base co urse is usually designed to 
have a high stabi lity and resistance to lateral flow and to incor
porate a high proportion of coarse aggregate, whereas the sur
face course is de nser and less harsh and is des ig ned to provide a 
smooth, skid-resistant riding s urface. 

Membranes, particu larly those made from softer mate ria ls 
or those installed without a protective layer, are easily damaged 
by the paving equipment, including deli very trucks. It is there
fore important that turning movements and sharp braking ac
tions be avoided. A number of agencies require rubber tires on 
paving equipment and ban the use of vibratory rollers. Work in 
the United Kingdom demonstrated clearly that, except for some 
thermosetting resin-based systems, the amount of damage in
c reases as the temperature of the surfacing and the size and 
sharpness of the coarse aggregate increase (2/). The sheet and 
liquid membranes typically used in North America are softened 
by heat, and control of the delivery and rolling temperatures is 
important. Deli very temperatures can be as high as l 70°C 
(340°F), but it has been recommended that rolling temperatures 
be kept below I 45°C (295°F) to reduce damage to the mem
brane. The rolling temperature must be contro lled carefully 
because, if it is too low, the compaction will be inadequate and 
the bond to the membrane reduced. Most states spec ify that the 
membrane not be damaged when plac in g hot mix, but few states 
control temperatures. O ne exception is Ma ine, which specifies 
a different placing temperature for each approved sheet mem
brane. T he temperatures range from a low of 120 to I 50°C 
(250 to 300°F) to a high of 155 to l 70°C (3 15 to 340°F). 

On ly Illinois reported using a protection co urse. which is 
employed in conjunction with the state ' s generic coal tar emul
sion and fiberg lass fabric waterproofing syste m. A 12-mm 
(0.5-in .) thick layer of sand asphalt is placed at a temperature of 
not less than l 43°C (290°F). 

Construction Specifications 

Most agencies use two specifications for the installation of 



waterproofi ng systems. One specification covers placement of 
the membrane and protection layer (if u~cd): thc other covers 
application of the surfacing. This division of activities is rea
~onahle from the point of view that the membrane is usually 
installed by a speciali ,:cd subcomractor and the surfaci ng by 
the general contractor. However, it is inconsistent with the 
objective of achieving an effecti ve waterproofing system bc
-:ausc the paving operations have a major influence on a 
membrane's performance. 

All the construction specifications for in tailing membranes 
prov ided in the survey responses were prescripti ve. Require
ments for deck preparation were 4ualitativc and often vague. 
Conversely. requi rements for the installation of sheet mem
hranes were specified in inordinate detail, to the extent they 
were often difficult to understand. A number of specifications 
relied heavi ly on manufacturer's recommendations. Few re
spondents attempted to define acceptance requirements beyond 
the ~tatcmcnt that the installati on must he ··acceptable to the 
Engineer." 

For nearly all of the respondi ng agencies, requirements for 
placing the asphalt surfacing are contained in the specifi cations 
for hot-mi x asphalt, which are concerned primarily with the 
construction of' bituminous pavements. As such, the require
ments fo r placing asphalt surfacings on membranes are a minor 
part of a much larger specification. Fu rther, because the re
spon ibil ities for hridges and pavements are split in most agen
cies, there may be insufficient recognition of the special re
quirements for paving over membranes on the part of those 
responsible for hot-mix asphalt specifications. 

/\ cceptance Requireme111s 

In line with the presc riptive nature of construction specifica
tions, acceptance requirements arc usually qualitative and based 
on a visual examination of the membrane after installation. 
Only Colorado and Idaho required that the membrane be tested 
for waterproofing integrity after appl ication of the hot-mix sur
faci ng. Colorado uses the electrical resistance test (Colorado 
Procedure 62) and if the readings arc Jes~ than 200k.Q, the con-
1rac1or may be required to repair, or remove and replace, the 
bituminous pavement and the membrane. The test is not car
ried out on bridge decks co ntaining epoxy-coated reinforcing 
steel. or where the presence of moisture in the surfac ing pre
vents tc~t ing within a reasonable time after placement. In these 
circumstances, acceptance is based on inspecti ons and certifi
cation by the Engineer that the work was executed in accor
dance with the specifications. Idaho also uses the electrical re
sistance test (Idaho Test Method T- 11 3). Areas represellli ng 
readings less than 500k.Q must be repaired. If more than 30 
percem of the readings are less than 500k.Q. the contractor may 
be required to replace the membrane and surfacing. 

Ontario has developed an end-result specification for hot
applied rubberi ,:ed asphalt membranes, which has been the only 
type of membrane used in the province since 1972. Poor qual 
ity workmanship and inspection resulted in several substandard 
i nstal lat ions in the I 970s. The main deficiency was that the 
thic kness of membranes was less than specified. In 1983, an 
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interim acceptance plan was inlroduced for membrane thick
ness. based on a random sampling of lots and sub-lots. Data 
gathered under the interim acceptance plan were analyzed and 
used to develop a stat istically hased, end-result speci fication. 
which was implemented in 1986 (72). In 1987. the requ ire
ments for quality of the membrane were added to the specifica
tion (73) . 

Implementation of the specification forced the man ufacturer 
to be respons ible for the quali ty of the membrane. the contrac
tor to be responsible for the process control during installation, 
and the agency to perform acceptance testing upon completion 
of the installati on. The general principles applied in develop
ing the specifi cation were as fo llows: a separation of rcspon · i
bi litics for proce ·s control and acceptance, recognition of the 
inherem variability in materials and testing, allowance for ac
ceptance of material that is slight ly less than spec ified. provi
sion for re-1es1ing of suspect test results. and a reduced pay
ment provision for substandard material or installation. 

The quality of material is measured hy taking a sample from 
the contractor's kettle at a random time for each lot. and ship
ping the samples lo the central laboratory for test ing. The pay
ment fo r qualily is based on accumulated adjustmem points. 
The maximum reduction in payment is 25 percent. If the accu
mulated adjustment points exceed 25, 1he lot is rejected. 

The acceptance plan for thickness is based on lots. with a 
maxi mum size of 600 m2 (6.460 ft2) . Each lot is divided in10 
ten equal sub-101s. Three thickness measurements are made at 
random locations within each sub-lot and the three readings are 
averaged to con~titulc one thickness measuremenl. The aver
age thickness and standard deviat ion for the lot are calcul ated. 
Payment for material thickness is made at the contract-bid price 
wherever the lot has a mean th ickness of 5.0 ± I 111111 (0.20 ± 
0.04 in.) and zero percent defective. A reduced payment is 
applied whenever the mean thickness is greater than 4.0 111 111 

(0.1 6 in. ) and the percent defective is from 0. 1 to 5.0 percent. 
The relationship between price adjustment and percent defec
ti ve is not linear but elliptical. so that the penalty is low for 
work that almost meets the specification but becomes increas
ingly severe until it reaches 50 percent at 5.0 percent defect ive. 
Lois outside these limits are rejected. When the mean thick
ness is greater than 6.0 111111 (0.24 in.), the lot could be rejected 
if the excess ive 1hickness might result in pavement shoving or 
rutting. e.g., on a steep grade. under high traffic volumes. or 
subject to braki ng forces. The final payment to the cont ractor 
is calculated by multi plying the adjusted price for thickness by 
the adjustment factor for qual ity. These requirements are con
tained in the construction specification (74), and an explanation 
and worked examples of their application arc contained in a 
fi eld guide (75). 

Since 1987, the Ontario Ministry of Transportation has pub
lished an annual report on bridge deck waterproofing. Each 
report contains a statistical analysis of the data on material 
thickness and quali ty, and a discussion of prohlems that oc
curred together with recommended solutions. Figures 25 and 
26 are reproduced from the 1992 annual report (76). 

Figure 25 shows improvement in compliance with the thick
ness requirements from the introduction of the ~pcci fication in 
1986 to 1992. In 1986. only 80 percent of the lots were accept-
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FIGURE 25 Annual thickness compliance for liquid mem
branes. 

able. and 6 percent were rejectable . In 1992. a total of 94 890 
m2 ( 1.021.000 ft2) was installed by e ight contractors. Of the 
257 lo ts reported. there was only one borde rline lo t and no 
rejectable lot. The borderline lot received a price adjustment 
factor of 0.93. 

Figure 26 shows the history of quality tests for the period 
1986 lo 1992. The req uirements were changed in 1986 and the 
price adjustment for quali ty was not imple me nted until 1987. 
Quali ty improved steadily until 1991. but in 1992 problems 
arose that had not been ex pe rienced previously. In 1992, 35 
percent of samples fai led one or more of the six quality criteria. 
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FIGURE 26 Annual material non-compliance for liquid mem
branes. 

All of the samples that fai led, failed the toughness/peak load 
rat io and some samples also failed other criteria. The poor 
performance was traced to an o il used in the manufacture of the 
products. 

In 1992, the price adjustment factors ranged from 0. 786 lo 
0.995 with an average of 0.938. S ix products were removed 
from the list of approved produc ts, four because of quality prob
lems and two because the product had not been used in Ontario 
for 5 years. 

T he data show that the end-result specification has had a 
continuing impact o n improving the qual ity of bridge deck wa
terproofing in O ntario. Compliance with the thickness require
ment has improved from 80 to a lmost I 00 percent. The1·e has 
also been a gradual, though less dramatic, improvement in 
membrane quali ty. except for 1992, when the acceptance test
ing was able to identify the effects of a change in the properties 
of one of the components. 

Quality of Consrrurtion 

The performance of waterproofing systems is very suscep
tible to the quality of workmanship. Si te practice a nd proce
dures are improved when the work force is tra ined, proper su
pervision is exercised, and inspection is vig ilant. 

Conditions on site are often less than ideal. and some water
proofing syste ms arc more tolerant o f adverse conditions than 
others. Most site work is carried o ut to a tight schedule. By the 
time the deck is ready for waterproofing, the contract may be 
behind schedule and there is considerable pressure to open the 
structure lo traffic. Consequently. there is a tendency to per
form the work hurried ly and to proceed even in adverse weather. 
A ll of these factors compromise the quality of the completed 
insta llation . 

PERFORMANCE 

A prerequisi te to discussion of the performance of water
proofing systems is a definition o f what constitutes a fai led 
waterproofing syste m, a descript ion of the factors that affect 
failure, and the mechanisms involved. 

A waterproofing system has failed when water o r chlo ride 
penetrates the concrete, or the surfac ing over the membrane has 
broken up. Under these circumstances, either the system is no 
longer watertight or the safe passage of vehicles across the deck 
is impaired. 

Break-up of the asphalt surfac ing usuall y has one or more 
precursors such as debonding of the membrane (at either the 
concrete-membrane or the membrane-asphalt interface), or ex
te nsive cracking, rutting, o r shoving of the surfac ing. The latter 
symptoms may result from the use of excessively thick or soft 
membranes. Deformation of the surfacing is exacerbated under 
heavy traffic loadings, on grades in excess of about 4 percent, 
in areas of rapid deceleration, and where the thickness of the 
surfaci ng is less than 50 mm (2 in.). Mo isture also plays a 
maj or role in deterioration of the su rfac ing. The factors affect
ing moisture damage, and methods of prevention, are described 
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TABLE 13 
POSSIBLE CAUSES OF ADHESION FAILURES IN WATERPROOFING SYSTEMS (adapted from 22) 

Lack of Adhesion Between the Membrane and the 
Concrete 

• Inadequate deck preparation (contamination or 
poor surface finish) 

• Adverse weather conditions (too wet or too cold) 
• Excessive moisture in the concrete 
• Degradation of primers, especia lly cut-back 

asphalt 
• Embrittlement of oxidized bitumen adhesives 

(especially if heated to in excess of 230°C 

or 445°F) 
• Sheet systems prone to recoil or lift during 

laying, resulting in air pockets or discontinuous 

lap joints 
• Puncturing or impact damage 
• Displacement of membrane by construction traffic 
• Blisters or blowholes 
• Degradation of membrane e.g., by moisture or 

freezing 
• Inadequate repa ir of damage 
• Delays be tween application of membrane and 

surfacing 
• Poor workmanship e.g., insufficient or excessive 

coverage of primers or adhesives, improper 
mixing or proportioning of two component 

materials, improper thickness of liquid 
membranes, overheating of primers, adhesives or 
liquid membranes, gaps between protection 
boards. 

in NC/-/ RP Svnthesis of Highway Practice 175: Moisture Dam
age in Asphalt Concrete (77). Once the surfacing begins to 

break up. the membrane is exposed and easily damaged by 
traffic. 

Waterproofin g failures are usually associated with failure of 
adhesion between the concrete and the membrane (22). In some 
cases. the membrane may lea k, and the rno isturc passing 
through the membrane may destroy adhes ion to the concrete. 
In other cases, the bond may fail firsl. evenlually leading to 
failure of the membrane. The possible causes of loss of adhe
sion are numerous and are summarized in Table 13. The table 
a lso summari zes the causes of loss of adhes ion betwee n mem
branes and the asphalt surfac ing. While some o f these factors 
involving the surfac ing also resul t in loss of integrity of the 
membrane. most contribute to fai lure of the surfac ing. 

The effect or poor adhesion between the membrane and sur
fac ing on the performance of the surfac ing was illustrated on a 
number of bridge <leeks in Vermo nt (78). In 1987, a new mem
brane was installed on nine decks. The membrane was the 
same as one used in the state for many years with the addition 
of a hi gh strength po lypropylene mesh lo the lop surface to 

Lack of Adhesion Between the Membrane and the 
Asphalt Surfacing 

• Poor initial bond, especially with some polymer 
sheet systems and some resin-based liquid systems 

• Membrane damaged during application of 
surfacing, especially for bitumen-based sheets and 
liquid systems <2mm (0.08in.) thi ck 

• Properties of membrane changed by hot asphalt 
• Moisture on membrane or trapped between 

membrane and protection boards when paving 

appl ied 
• Roi ling temperature of asphalt too cool ( < 120°C or 

250°F) 

• No tack coat, or tack coat insufficiently cured or 
over-cured 

• Contamination of membrane surface e.g. by dust or 

fuel spi II age 
• Low binder content or poorly compacted asphalt 

mixture 
• Asphalt surfacing too thin (<50mm or 2in.) 

resulting in crack ing and lack of thermal protection 

• Water ponding on the membrane unde r service 
conditions especially if present during freez ing 
tern peratures. 

increase its puncrnre resistance when applied on rough decks. 
Pavement fail ures, in the form of lateral shoving, occurred on 
four decks within a year of construction. Laboratory 1es1s using 
a Marshall hammer and confining mold showed excellent bond 
between the membrane and surfacing over a wide range of mix 
temperatures. demonstrating that the test procedure did not du
plicate the action of the roller in the fie ld . Factors contributing 
to the fai lures were identified as the superelevated deck sec
tions, braking action on a grade of 3.5 pe rcent, high summer 
temperatures. and. in one case, the appare111 application of ce
ment dust 10 the membrane surface to prevent the paving equip
ment from sli pping sideways on the banked deck (78). The 
decks were repaired by removing the surfacing , applying a tack 
coat to the surface of the membrane, and repaving. 

In I 992, similar problems were encountered with another 
preformed membrane on br·idge decks in Maine. The planned 
insta llation of the same membrane in Vermont caused the 
Agency of T ransportation to measure lhc bond between the 
bituminous surfacing and several membranes, using specimens 
prepared in the fie ld. This led to the development of a 90° peel 
test and the establishment of a minimum peel strength of 260 
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N/m ( 1.5 lb/in .) based on values measured on membranes with 
a history of satisfactory performance (79). An inte resting result 
from the testing w as that the bond of one membrane was in
creased substantially w hen the compaction rolle r was de layed 
for a few minutes, even though the temperature at the mem
brane surface dropped from 115 to 99°C (240 to 2 10°F). Thi s 
suggests that the membrane softened during the delay period, 
resulting in an increase in bond. 

Waterproofing Integrity 

The primary requ ire ment of a waterproofing me mbrane is 
that it be w ate rtight. The abil ity of membranes to resist water 

transmission and the effects of damage and de bonding on water 
transmission were investigated as part of the large exposure 
plo t study undertaken in the United Kingdom (2 /). T he test 
program a lso included an investigation of the benefit of treating 
the concrete with isobutyl silane prior to application of the 
me mbranes. The test procedures we re described in C hapter 2, 
and the resul ts are illustrated in Figure 27. 

T he results showed that where a membra ne was fu lly 
bonded, undamaged, and had low water absorption. there was 
little or no transm ission of water over the 80-day test period. 
At the o the r extre me, punctured me mbranes. which were either 
unbonded or exhibited high water absorption, were very per
meable and passed more water tha n the untreated concrete be
cause the spread of water was not contained. 
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For other conditions, the amount o f water transmitted 
through the membrane was determined by its water absorption , 
the amount of damage, and the degree of bond. Even badly 
punctu red membranes slowed the flow of water provided they 
were well bonded. Some punctured systems had aggregate 
particles embedded in the puncture, effecti vely sealing the hole. 
As the bitumen surrounding the aggregate particle embritt led, 
the aggregate was loosened and water transmitted through the 
membrane . This condition was common and like ly often oc
curs in practice. 

Two coats of silanc were found to reduce the quant ity of 
water transmitted sign ificantly, though the treatment was not as 
effective as a well-bonded. undamaged membrane. 

Asphalt Application Temperature 

The temperature of the asphal t surfacing when it is placed 
on the membrane and the rolling temperature have a significant 
effect on the amount of damage caused to most types of mem
brane. ln outdoor trial s in the U nited Kingdom, membranes 
were overlaid with a base course having a maximum coarse 
aggregate size of 20 mm (0.8 in.), and wi th a sand asphalt 
carpet (2 /). Both mi xtures conformed to BS 594 "Spec ifica
tion for Rolled Asphalt (Hot Process) for Roads and Other Paved 
Areas," and were supplied at 180°C (356°F). The base course 
was roll ed at I 60°C (320°F) and the sand asphal t at I 20°C 
(248°F). The pressure on the membranes resulti ng from laying 
and compacting the asphalt was also measured and found to be 
17.5 MPa (2500 lb/in2) under the action of a IO tonne ( I I ton) 
road roller for a compacted thickness of 50 111111 (2 in.). 

When applying the base course, the hot aggregate in the 
asphalt, in combi nation with the compaction and rolling opera
tion, tended to rupture, deform, or severely reduce the thickness 
of some membranes, particu larly where their softening tem
perature was exceeded. Bitume n and polymer-based mem
branes were highly susceptible to this form of damage. Poly
me r sheets were generally punctured unless their thickness 
exceeded 3 mm (0.1 2 in. ). Most of the thin liquid systems, 
particularl y those with a thickness of less than 2 mm (0.08 in.), 
were ruptured. The o nl y undamaged membranes were poly
isoprene rubbe r sheeti ng and some fast curing modified poly
urethane and acrylic systems (with a thickness between 2.2 and 
3 mm or 0.8 and 0 .1 2 in .) and a 5-mm (0.2-in.) thick modified, 
reinforced epoxy system. 

The study also investigated the protection afforded by min
e ral-dressed protection sheets and asphal t-laminated boards. 
T hese were hoth softened in a similar manne r ro bitumen me m
branes with the result that the board or sheet was ruptured or 
severely reduced in thickness by the hot aggregate. Where the 
sheet or board was protecting a sheet membrane that had been 
softe ned by application of the hot asphalt. the membrane was 
a lso ruptured unless its thic kness exceeded 2.5 mm (0.10 in.). 
However, the protection did reduce the severity of the damage. 
The damage to liquid membranes was also reduced cons ider
ably, except for me mbranes less than 1.5 mm (0.06 in.) thick. 

The damage to me mbranes caused by placing the sand as
phalt was substantially less. Some bituminous , polypropylene 
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or polyethylene-based polymer sheets and all the mastic asphalt 
systems showed signs of melting but were otherwise undam
aged . Thin liquid membranes were damaged by hi gh points in 
the concrete surface during passage of the roller but, again, the 
sand asphalt reduced the amount of damage. 

Damage was found to increase s ignifi cantly if membranes 
were not fully bonded. 

Te mperatures were measured at the interface between the 
mem brane and the aspha lt during the placing operation and are 
shown in Figure 28. The temperature of the membranes rose 
rapidl y and reached a maximum 3 to 4 minutes after the asphalt 
was placed. For membranes less than 1.5 mm (0.06 in.) thick, 
the peak temperatu re occurred a lmost immediately. The tem
perature then dropped s lowly as the asphalt cooled to the ambi 
ent temperature. which took about 5 hours. 

Figu re 28 also shows the range of softening temperatures for 
generic c lasses of membranes. It can be seen that temperatures 
on the membranes often exceeded their softening points for a 
lengthy period. especially for bitumen and polymer-based ma
terials. This was a major cause of aggregate indentation and 
penetration. 

Temperatures measured under protecti ve sheets and boards 
were found to reduce the tempe rature of the membranes by I 5 
to 25°C (27 to 45°F). This was sufficient. in some cases, to 
prevent softening of the membranes, thereby reducing consid
erabl y the damaging effects of the hot aggregate. 

The substantial reduction in damage that occurred when sand 
asphalt was used led to a decision in the United Kingdom to 
require the application of a sand asph alt carpet as an additional 
protection, prior to application of the base course (22). Red 
ox ide is sometimes added to the sand asphalt to assist in identi
fying the layer so that surfaci ngs can be removed without dam
aging the membrane. The reduced damage results from the 
absence of large aggregate particles and the lower plac ing tem
peratllre . The disadvantage is that the bond between the mem
brane and the aspha lt is reduced because of the presence of a 
sand-rich layer on the surface of the membrane. Damage could 
also be reduced by lowering the application temperature fo r the 
hase course, hut this also reduces the bond and makes the sur
facing difficult to compact. 

Field Performance 

Uni1ed Kin[?dom 

The resu lts of an extensive study of site practice and the 
nature and reasons for the fa ilure of waterproofing systems in 
the U nited Kingdom were reported in 199 1 (22). T he investiga
tion was based on survey data. reports from users. laboratory 
tests, fi eld trials, and observations. 

A summary of the results is given in Table 14 . S ince 1975, 
waterproofi ng systems used in the United Kingdom have been 
required to have a Roads and Bridges certificate issued by the 
British Board of Agrcment. The certificate is issued upon suc
cessful completion of a series of checks and tests specified by 
the Department of Transport. Despite this rigorous pre
qualification process, many of the waterproofing systems we r·e 



40 

ONSET OF SOFTENING 160 
Above} Epoxies, urethanes , 
160° acrylics 

140 
Elastomers - Temperature of 

membrane unde r 

120 
asphalt 

s ;tom,a based I 100 
() 
~ 

~ 
3 
~ 80 
Q) 
a. 

Mastic asphalts 
E 
Q) 

f-

60 

I 40 

Rubberized mastics 20 

OL_ _ _ _J_ _ __ ...L_ __ ___JL------'--- - -......__---~--~ 

0 2 4 6 8 10 12 14 

Time (mi n) 

F IGURE 28 Typical asphalt application tt:mperaturc on membranes. and so fte ning te mperatures o f generic me m
branes. 

fo und not to be performing effectively in service. Table 14 also 
shows that , omc types of membra nes are mo re susceptible to 
certain types of fai lure than others. 

Procedures an<l practices followed during insta llat ion and 
repair of defects were found to have a signi ficant effect on the 
long-te rm performance of membranes. S ite conditions were 
rarely ideal, and me mbranes were often appl ied to decks that 
fa iled to meet the specified surface fi nish. Conditions <luring 
installatio n an<l in service were often more severe than the certi
fication tests with the result that the study identified the need to 
revise the test procedures. 

Many of the me mbrnnes fail ed in adhesion at the concrete
membrane interface. for reasons listed in Table 13. Frequently. 
no single facto r was responsible, but adhesion loss was the 
resu lt of a complex interaction of several factors. Once adhe
sion has been lost, a perforation in the membrane allows mois
ture and sal ts in solution to migrate beneath the membrane. 
resulting in a fai led waterproofing system . 

De fi ciencies in bond al the me mb rane-aspha lt interface were 
also recorded. for reasons summarized in T able 13 . In some 

case,. adequate bond wa, never c,tablishcd and in o the rs. the 
bond deteriorated in service. Inadequate bond was a precursor 
to failure o f the s urfacing rather than the integrity of the mem
brane. except where the me mbrane was damaged during instal
lation of the surface course. 

United States 

The field experience with membranes in the Uni ted States 
has covered the who le speclrum from satisfacto ry performance 
(27) to dramatic failures where the membrane has had to be 
removed (28.80). s0 111cli111cs be fore the deck was open 10 tra f
fic . A number o f agencies have conducted fie ld studies of the 
performance of membranes. some of which have been under
taken over a period of years. T hi s sect ion summarizes the ma
jo r fi ndings from several of the studies reported in the litera
ture. W he re it is not , la ted in the report. nor apparent from the 
context. whethe r the membrane was applied to a new or a reha
bilita ted <leek. the results arc reported in this chapte r. Pcrfor-



mance swdies of membranes applied to ex isting decks are de
scribed in Chapter 4. 

Vermont began a program for field evaluation of membrane 
systems in 1971 as pan of NEEP No. 12. Thirty-three systems 
on 69 new bridge decks were evaluated during the first 11 years 
of the study (27,33,81-84). The products included 15 pre
formed systems, seven epoxies. five thermoplast ics. four poly
urethanes, and two tar emulsion systems. The preformed sys
tems included three membranes approved for use in Vermont in 
1973 in non-experimental install ations, the five syste,m identi
fied in the study for NCHRP Re1){)r/ 165, and seven miscel la
neous membranes. 

Field testing during the first 2 years included electrical re
sistivity and half-cell potential measurements. and the determi -

TABLE 14 
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nation of chloride ion content in the concrete. A lack of corre
lation between the three procedures resulted in a decis ion to 
rely only on chloride determinations. Measurements were taken 
close to the curb. in the shoulder. and in the wheel-path area, 
and concentrated at the lowest part of the deck. Concrete 
samples were considered contaminated when the chloride ion 
content was 50 ppm more than the chloride content measured 
immediately following construction. It was noted that this cri
terion did not indicate complete failure of the membrane, but 
that some leakage was occurring. 

The find ings of the study are summarized in Table 15. The 
table report s the average results within ident ifiable groups. 
though in some cases there were considerable differences in 
performance between individual products within the same 

PRl:--JCIPAL PROBLEMS WITH WATERPROOFING SYSTEMS IN SERVICE IN T HE UNITED KINGDOM 
(condensed from 22) 

Waterproofing System 

Deficiency A B C D E F G H 

Poor adhesion - primer to concrete 0 X 0 X 0 X 

Poor adhesion - adhesive to concrete 0 X 0 X 0 n 
Poor adhesion - membrane to concrete 0 X 0 X 0 X 

Poor adhesion - membrane to asphalt 0 0 0 0 X 

Poor adhesion - edges/ lap joints 0 X 0 0 0 n 
Voids under membrane 0 X X 0 X 

Moisture under membrane 0 X 0 X 0 X 

Moisture under asphalt 0 0 

Moisture within system 0 0 

Movement of membrane (traffic loading) 0 0 0 

Damage to membrane (traffic loading) 0 0 0 

Softening at ambient temperatures 0 X 

Softening under asphalt temperatures 0 X X X X X 

Embrittlement of adhesive with age X X X X n 
Embritt!ement of membrane with age d X 

Puncture by site activities 0 X 

Puncture/indentation by hot aggregate 0 X 0 0 0 X 

Pin/blow holes n n X 

Blisters X X 0 0 X 

Damaged by fuel spillage d 0 X 

Degradation with time d 0 0 X 

A - bituminized woven polypropylene sheet x - frequent problem 
B - bituminized polyester fleece, mineral dressed o - occasional problem 
C - ethylene propylene polymer sheet i - isolated problem 
D - chlorosulfonated polyethylene sheet - - no problem noted 
E - butyl felt laminated elastomer sheet n - not applicable 
F - self-adhesive bituminized laminated board d - no data 
G - mastic asphalt 
I-I - fast cure polymethylmethacrylate* *Approved for use after 1988 and limited 
I - fast cure polyurethane* service data. 
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TABLE 15 
SUMMAR Y OF M EMBRA NE CHARACTER ISTICS AND PERFORMANCE IN VERMONT (condensed from 83) 

Characteristic 

% Cl - readings contaminated 1 

Average contamination 1, ppm C l -
Ease of application 
Blisters 
Pinholes 
Bond at curb 
Membrane-deck bond 
Pavement-membrane bond 
Problems in paving 
Overall performance 
Recommendation 

I 0 to 25mm (0 to I in.). 
* With protection boards. 

A - Standard preformed 
B - NCHRP preformed 
C - Miscellaneous preformed 
D - Thermoplastic 
E - Polyurethane 
F - Epoxy 
G - Tar emulsion 

group. The figu res for the average level of chloride contamina
tion include on ly data from the samples that were found to be 
contaminated. 

It was concluded that the standard, preformed sheets pro
vided the hest overall performance. Two proble ms were recog
nized: leakage at the curb and the formation of bli sters. The 
c urb detail was modified to include the application of a liquid 
polyurethane sealant be tween the membrane and the vertical 
face of the c urb. In some case s, blis ters developed al the time 
of installation of the memhrane and after paving, but the occur
rences have not been considered a problem (83). 

The fi ve membranes identified in NCHRP Rt!port /65 were 
considered to be performing satisfactorily, al though they were 
vulnerab le to leakage at the curb li ne. They were also expen
sive and difficult to install , and were not recommended for 
further use. 

Four of the seven mi sce ll aneous preformed syste ms gave 
good results, inc luding two that prevented any contamination . 
T wo prod ucts were man ufactured with small perforated holes 
and were successful in e liminating blistering. but not in pre
venting chloride contamination. 

The performance of the thermoplastic systems was gene r
all y sati sfactory. The best performance was from a ho t rubbe r
ized asphalt syste m, though it was reco mme nded that future 
applications include pro tection board and be limited to grades 

Waterproofing System 

A B C D E F G 

19 28 30 17 26 50 60 
125 120 125 209 83 116 163 

e h e h e e V 

y y y n n n n 
n n n y y y n 
f f p f X f p 
f g f (1 

e, 
(1 
e, g g 

g g* f (1 
e, p p g 

0 y y 0 0 n n 

g fg fg (1 
e, fg p p 

C nr s s s nr nr 

e - easy p - poor 
h - hard fg - fa ir to good 
v - very easy c - continue use 
y - yes s - consider selective use 

n - no nr - not recommended 
o - occasionally 
x - excellent 
f - fair 

less than 3 percent because of potential instabili ty under traffic. 
A n application of Gussasphalt (a pourable, mastic type paving 
mixture developed in Germany) had Lo be removed after the 
second winter because of extensive fu ll-depth cracks. 

Two of the polyurethane systems showed no contamination , 
and the other two exhibited w idespread leakage. Pinholi ng was 
a problem and it was recomme nded that multiple coats be ap
plied and that the systems be used wi th protection board or 
roofing felt. 

With the exception of one product, the e poxy systems per
formed poorl y relati ve to the othe r groups . One-half of the 
chlo ride determinations indi cated contaminat ion. The worst 
performance was recorded by the tar emulsion systems, which 
were the standard treatment in Vermont during the period 1960 
to 197 1. A se ven-layer syste m reinforced with g lass fabric 
performed somewhat better than the two-coat. unre inforced sys
tem, but was sti 11 unsatisfactory . 

The c hloride measure ments showed most of the leakage oc
curred at the curbs. There was littl e d iffe re nce bet ween read
ings taken in the shoulder and wheel paths, suggesting that 
puncture by aggregate~ under traffic loading is not a significant 
factor in Vermont. It was concluded that. overal l, the mem
branes performed well, with the better ones offering the poten
tia l for 50 years of service before corros ion of e mbedded rei n
forcement became a serious problem. 



A fu11hcr study in Vermont. which included the replace ment 
of nine experimental membranes installed under I\EEP :-.Jo. 12. 
was completed in 1993. The average age of the membranes 
was IX years and included four of the products selected in the 
study for NCH RP Report 165 for fie ld trials. Re placement was 
made necessary because of pavement d istress resulting from 
lack o f bond between the surfac ing and the membrane o r. in 
two cases, because of leakage detected at cracks in the soffit. 

The decks were examined after removal of the membranes 
and the ir conditi on varied w ide ly. In one case. nu merous 
clelaminations were recorded. T he distance of the de lamina
tions from the c urb was consistent. suggesti ng that the mem
brane had been damaged by the paver tracks pos,ibly as a result 
of aggregate spi lling on the deck from the haul trucks. Con
crete repairs carried out prior to replacing the membranes 
ranged from 0 .1 to 11.2 percent, and the average was 2.9 per
cent o f the deck area. 

Oklahoma also participated in ' EEP o. 12. During the 
peri od 1973 to 1975. the state installed nine different mem
brane~ on 35 new bridges. Fi ve of' the me mbrnncs were pre
formed sheets, three were liquid membranes, and one was a 
built-up system. The thickness of surfacing was 40 mm ( 1.5 
in .) except where 25 mm ( I in. ) of sand asphalt was added as a 
protective layer. 

A report chronicles a litany of construc tion problems that 
inc luded w rinkles, blisters, fi sh mouths along lap joints. water 
beneath membranes. membranes a nd roofing paper being 
picked up by paving equipment, and unbonded ,and asphal t 
(80). Three different membranes had to be removed within a 
few days of' instal lation. either because of water under the mem
hr.me or damage during the paving operati on. A fou rth mem
brane had to be replaced after 18 months because the overlay 
di sbondcd and broke up under traffic. It had bee n reported that 
workmanshi p at the time of installat ion was poor with aggre
gate under the membrane and fi sh mouths at laps, which caused 
cracks in the surfac ing. 

In 1972. the Minnesota Department o f T ransportation initi
a ted a study 10 evaluate corrosion protection treatments on new 
and rehabil itated decks (85). It was concluded. from measure
ments taken over a 7-ycar period, that membrane systems were 
effect ive in preventing chloride penetrat ion in new decks but 
that the durabili ty of the surfacing wa~ poor. Cracking and 
dcbonding at the interface between the membrane and the sur
facing appeared on several decks, in some cases after only 3 
years of service. Debonding was a serious problem on decks 
with high traffic volumes because the action of traffi c broke up 
the surfac in g. 

Louisiana installed six waterproofing systems in 1975, also 
as pan of' an experimental investi gation (86). Fi vc of the me m
branes were proprietary sheet membranes and the sixth was a 
hot-applied e lastomeric PVC polymer u~cd w ith a heavy roof-
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ing paper. All six systems were installed on the same bridge. 
and two of them on a ramp bridge nearby. Difficultic were 
experienced with the installation of most of the ~y~terns rang
ing from bubbles formi ng in primers. bl isters under the mem
branes, and shoving and tearing under the paving equi pment. 
Two of the membranes had to be replaced within a few months 
because lack of bond between the membrane and the surfacing 
resulted in shov ing of the surfacing. T he th ickness of surfacing 
was 40 mm ( 1.5 in.). Resisti vity tests were taken before and 
afte r placement of the ~urfacing and after the decks were open 
to traffic. The readings indicated the membranes were not wa
terproof and this. together wi th the poor experience during con
struction , led to a recommendation not to use waterproofing 
syste ms in Loui~iana. 

Service Life of Membranes in New Construction 

Agencic~ were asked in the survey to state the ant icipated 
service life of membranes and indicate whether the response 
was based on field performance data. Some agcnc ic~ skipped 
the question. whi le a nu mbe r of o thers indicated that perfor
mance data existed but made no reference to its source. It 
appears that most estimates of antic ipated service life are based 
on engineering j udgment. 

The responses ranged from IO to 30 year~. T he higher fig
ures were given by the New England states where there is the 
longest history of membrane use. and by several contractors 
with many year~ of experience. This in fers the importance of 
quality of construction in determining the service life of water
proofing systems. 

An interesting aspect of the responses was that most agen
c ies using membranes in new construction and rehabi litation 
anticipated the ~amc service life in both situat ions. T his rein
forces the viewpoint, expressed by a number of agencies, that 
the service li fe is determined by the asphalt surfacing rather 
than by the mem brane. Hituminous pavements are typical ly re
surfaced every 15 to 20 years and it is common practice to include 
repavi ng of the bridge decks within the lim it s of the paving 

contract. In rural areas. and partic ularly for smaller bridges. 
there is often no alternative. Knowing that matcriab and pav
ing equi pment will not he avai lable in the vici ni ty for another 
15 to 20 years. agencies w ill usually make whatever repairs are 
necessary to the structure while the contractor i~ on ·itc. Thi 
usually inc ludes remova l and replacement of the waterproofing 
syste m. In thc~c si tuat ions, the serv ice li fe of t he walcrproofing 
system is determined by economic and practical considerations. 
and a more sophisticated approach is not warranted. If the 
service life of the waterproofing system cannot be extended to 
the next repaving contract (a to tal of 30 to 40 years). then the 
length of li me hy which the service life would exceed the first 
repaving contract ( 15 to 20 year s) is of litt le importance. 
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CHA PTER FOUR 

WATERPROOFING SYSTEMS IN BRIDGE DECK REHABILITATION 

This chapter describes those aspects o f waterproofing sys
tems that apply specifically to thei r use in the rehabilitation of 
exi~ti ng decks, or as a second stage or construction a fter a deck 
has been pl aced in service and exposed to salt. The principal 
differences from new construction are in the selection criteria 
for the use of waterproofing systems, traffic control, deck prepa
ration. and the influence of existing corrosion on future perfor
mance. 

DESIGN 

Selection Criteria Relating to the Use of 

Waterproofing Systems 

Many agencies have developed criteria, sometimes ex
pressed in man ua ls and sometimes retained in the collective 
wisdom of design or maintenance staff, for selecting the most 
appropriate method of rehabilitation at the project level. The 
tk:cision c ri teria ofte n have two components: technical and eco
nomic . The technical cri teria may consist of a list of fac tors, 
such as those shown in Table 16 (87). Simi lar criteria were 
included in the decision methodology developed under a SHRP 
study on methodology for protecting and rehabil itating existing 
reinforced conc rete struct.ures (RR). The a lternat.ive t.reatments, 

such as waterproofing systems, concrete overlays, and cathodic 
protection, arc screened against the factors to identify from the 
technical standpoint w hich of the treatments are feasible . A n 
economic analysis is then made of the suitable treatments to 
identify the most cost-effective solution for the bridge under 
consideration. 

The technical factors that are usually considered inc lude traf
fi c volumes, proportion of truck traffic, dead load consider
ati ons, the ex isti ng deck surface, deck geometry, and the pres
ence of active cracks. The nature and extent of the deterioration 
present in the deck also have an important influence on select
ing the method of rehabilitation. Waterproofing membranes 
tend lo be unsui table on badly corroded decks because exten
s ive patch ing is required and they do not stop corrosion; and on 
badly scaled decks, because the rough surface is unsuitable for 
membranes unless a levelling course is appl ied (87). Water
proofing systems are also unsuited to decks with steep grades 
or crossfalls , espec ially if the volume of truck traffic is high. 

One of the survey quest ions asked respondents to identify 
criteria for the use of me mbranes in rehabilitation. A number 
of stares responded that membranes are not used in some situa
tions because the asphaltic surfac ing is a non-structural compo
nent, w hich adds significant dead load. Another common crite
rion is related to the ex isting surfacing on the deck or 

approaches. For example, on bridges in Californi a where an 
existing aspha lt overlay must be replaced and the cost of modi
fying the approach pavement and joints to accommodate a poly
ester concrete overlay (the preferred option) is too high, a wa
terproofing membrane plus asphaltic overlay may be used. 
There was also evidence of membranes be ing used for short
term repairs. For example, M ic hi gan reported that a membrane 
would be insta lled if a structure was scheduled for repairs within 
2 years. Kansas stated that a membrane might be installed to 
restore a riding surface until permanent repairs with a concrete 
overlay could be made. 

Selection Criteria Relating to Types of Waterproofing Systems 

Anothe r survey question asked if criteria have been devel
oped that exclude the use of some types of waterproofing sys
tems if certai n factors such as grades, braking, speed or con
struction, and antic ipated se rvice life are appl icable . On ly 
Oregon and Alberta responded pos it ively to the question . The 
criterion in Oregon, which related to the slope of the deck, was 
discussed in Chapter 3. The criterion in Alberta had as much to 
do with load carrying capacity as with material prope rties. 
Alberta uses hot-applied rubberized asphalt membranes, whic h 
are overlaid with 75 mm (3 in .) of bituminous surfacing and 
resin-based liquid me mbranes, which are used with 50 mm (2 
in.) of bituminous surfac ing. For some older bridges in the 
network, dead load li mitati ons requ ire that only the res in-based 
membranes be used. 

For all o ther jurisdictions using membranes in rehabilita
tion, no distin<.:tion is drawn between the products approved for 
use. Th is is, perhaps, not surpri sing given that many states onl y 
use sheet membranes, for which differences in performance are 
like ly to be minor. 

CONSTRUCTION 

The sequence of operations in install ing a waterproofin g 
system as part of the rehabilitation of an existing deck is the 
same as in new construction. The major difference in construc
tion activities is that the preparation of the deck surface is often 
the most t ime-consuming and ex pensive operation. Where the 
existing deck has a bare concrete surface, the work necessary to 
modify the ex pansion joints, pad the approach pavement, and 
sometimes modify the c urb height can have a significant effect 
on the duration and cost of the project. Most contracts are 
completed while traffic is maintained on the structure, so that 
traffic control is also a consideration in rehabili tation work. 
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TABLE16 
DECISION MATRIX FOR SELECTION OF DECK REHABILITATION METHOD (87) 

Criterion 

Delamination and spalls exceeding 
I 0% of the deck area 

Corrosion potential more negative 
than -0.35V over more than 20% of 
the deck area 

Moderate or heavy scaling 
exceeding I 0% of the deck area 

Active cracks in deck slab 

Remaining life of structure less 
than IO years 

Concrete not properly air entrained 

Complex deck geometry. Skew 
exceeding 45°, curvature exceeding 
I 0°, or changing superelevat ion 

Limited load capacity of structu re 1 

Electrical power available 

Epoxy injection repairs previously 
performed and will not be removed 

Concrete 
overlay 

No 

No 

No 

Membrane 

surfacing 

No 

No 

No 

No 

Cathod ic 
protection 

No 

No 

No 

No 

No 

No 

No 

Rationale 

Where extensive patching is required it 
becomes more economica l and more 
durable to construct a concrete overlay 

Patch repairs and waterproofing rarely 
reduce corrosion activity and may 
accelerate it 

The amount of patching becomes too 
expensive and consequently uneconomical 

Cracks active under live load or 
temperature change are reflected in a 
concrete overlay 

Additional cost of concrete overlay or 
cathodic protection is not justified 

Appl ication of bituminous surfacing 
(without waterproofing) may accelerate 
deterioration of the concrete 

Concrete fin ishing machines (especially 
those used for low-slump concrete) have 
difficulty accommodating complex 
geometry 

Bitum inous overlay is a non-structura l 
component. Concrete overlay can be 
especially useful where the span/thickness 
ratio of the deck s lab exceeds 15 

Power required for rectifier (unless mains, 
solar, wind or battery power can be 
provided economically) 

Epoxy insulates underlying re inforcement 
from cathodic protection 

1 Capacity after rehabilitation must be verified. Additional strengthening may be necessary. 

Traffic Control 

T he survey a lso asked a number of questions relating to 
traffic control during the install ation of waterproofing systems. 
With the exception of Connecticut and Pennsylvania, all states 
reported that traffic is maintained on the deck during construc
tion . Several tates imposed li mits on the speed of traffic, a l
though speed limits varied with location and site condi tions. 
Many state~ al so placed limits on the duration of lane c losures. 
which is a means of reducing user delays and increasing safety 
by minimizing exposure times. 

Wate rproofing systems are very tolerant of lane-by-lane in
stallation and consequently traffic control considerations are 

not as de manding as for o ther methods of rehabi litation. For 
example, the width of the finishing machine used in the appli 
cation of a concrete overlay may require additional lane clo
sures or reduced lane widths. S imilarl y. decks with complex 
geometry such as variable widths or superelevation may influ
ence lane closures bt:cause o f the location of the crownline. 
The application of cathodic protection may also dictate staging 
because of the need to po~ition hardware in specific locations 
or to avoid splices. Hy contrast. waterproofing membranes are 
easy to lap and the equipment used to install the surfacing can 
be accommoclatccl in little more than one lane width. 

The time of construction is not a major factor in influenl·i ng 
the method of rehabilitat ion, even in locations where traffic 
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control cons iderations arc paramount. All the methods o f reha
bili tation in com mon use involve the same activities, s uch as 
concrete removal. concrete p lacement, and curing. Further, the 
duration of construction stag ing is often determined by activi 
ties such as jo int replacement or mod ification of approach pave
ment, which must be clone regardl ess of the method of rehabili
ta tion selec ted. 

Deck Preparation 

In most s ituat ions where a waterproofing system is used in 
rehabili tation, the deck will have an asphalt surfacing, and 
sometimes a membrane. which must be removed before the 
concrete deck surface can be prepared to receive the new mem
brane. 

Where no membrane is present, the asphalt surfacing is un
likely to be bonded to the deck surface. lt is removed easily by 
pl aning off the surface us ing equipment fitted with a blade or. 
more us ually. a bucket. 

Where there is an ex isting membrane o n the deck, the diffi
cu lty of removal is a function of the bond to the deck. If the 
bond is weak, the membra ne can be pl aned, sometimes in the 
same operation as removing the aspha lt surfacing as il lustrated 
in Fig ure 29. In situations where the membrane is tightly ad
hered to the conc rete, removal can be very d ifficu lt. Eleven 
responding agencies reported that they had experienced diffi
cu lties in removing ex isting membranes a nd eight agencies re
ported experienc ing no difficulties. Other agencies reported no 
experience because it had not been necessary to remove mem
branes. The methods of removal varied , although pl aning or 
scraping, oft en fo llowed by abrasive o r water blasti ng, were 
most common. Some agencies use mi ll ing equipment, and 
Colorado reported using heat to soften the membrane so that it 

F IGURE 29 Use of a bucket to remove surfac ing and poorly 
bonded membrane. 

can be removed by scraping. The softer, liquid membranes are 
especially d ifficult to remove because they rema in tacky; they 
are a lso not easil y removed by blasting. Recogni zing these 
diffi culties, several agencies reported that the contractor is a l
lowed to leave remnants of membrane in place prov ided that 
they are tight ly bonded to the deck surface. T his does not 
appear to have caused problems in North America because of 
the li mited range of me mbranes used. The issue of compatibi l
ity of materials is much larger in Europe because of the greate r 
di vers ity of materials used in waterproofi ng systems. Where a 
bituminous syste m is being replaced by a resinous waterproof
ing system, very thorough preparation is necessary because of 
the incompatibil ity of many bitumens and resins (22) T he 
dec k a lso needs to be examined for evidence of applications of 
a sealer. Some silane treatments have been found to reduce the 
adhesion of membranes (66). 

If the concrete deck surface is in good condition, the method 
of deck preparation is the same as for new construction. More 
usually, upon removal of the surfacing, the deck w ill ex hibit 
scaling as a resu lt of freeze-tha w action on the concrete. or 
corrosion-induced delami nati ons and spalls. 

In the case of a deck with slight to moderate scaling, abra
sive (or water) blasting is normally used lo remove the unsound 
surface layers and expose sound c lean concrete. The fini shed 
surface is considerably less than the idea l surface for the appli
cation of a membrane. However, the only way to prepare the 
surface properly is to insta ll a concrete levelling course, but this 
is no t usually done because no provis ion has been made within 
most contracts and the cost of the contract would more than 
double. Liquid membranes, especia lly those applied at a thick
ness of 5 mm (0.2 in. ) or more, are more to lerant of a rough 
concrete surface than sheet membranes. Self-adhesive sheet 
membranes cannot be bonded satisfactori ly to a rough surface 
without the application of a bituminous adhesive. 

In s ituat ions where the deck surtace is heavily scaled, mill 
ing o r blast cleaning operations cannot produce a surface suit
able fo r application of a membrane. The removal operations 
reduce the concrete cover and overly roughen the surface. A 
thin, concrete levelling course is unli kely to be durable because 
it will crack and disbond. Two a lternati ves are normally con
sidered: either a concrete overlay is constructed or a sand as
phalt levelli ng course is pl aced on the deck. 

It is rarely practical to construct a concrete overlay unless 
need for the overlay was identified at the plann ing stage and 
included in the contract documents. In s uch cases, a n increase 
in the thickness of the deck and the effect on fi nished elevations 
wil l have been cons idered in the design process. If severe scal
ing was no t antic ipated, facto rs such as cost, delay of contract. 
contractor expertise, and the effect of dead load and changed 
e levations must all be considered before a decision can be made 
to install a concrete overlay. Usually, the expedient alternative 
of p lacing a bitum inous levell ing course will be taken. Whi le 
this approach is advantageous for being quick, cheap, and pro
vidi ng a smooth, level surface, the life expectancy of the deck 
slab is shore. If the membrane leaks, the water is not confi ned 
to the location of the leak. The water cannot escape and will 
cause rapid deterioration in the concrete, which is known not to 
be resistant to frost action . 



In decks ex hibiting corrosion damage, the pract ice is to re
move unsound concrete and to place conc rete patches to pro
duce a ~ound. level dec k surface. Wh ile the e xtent of removing 
the conc rete and c leaning the exposed rei nforce ment have only 
a minor e ffect on the q uality of the surface for wate rproofing . 
they are major fac tors in determ in ing the cost of the rehabilita
tion (89.90) and in t.l ctcrmin ing the service life of the wate r
proofed dec k (J). These effects are d iscussed in more detail in 
the section on the performance of membram:s. 

T he fi rst step in placi ng concrete patches is that the ex isting 
concrete must be removed to sound concrete. Some agencies 
reqL1ire re moval to below the top mat of reinforcing steel but 
practices vary widely. In areas o f very bad deterioration. ful l
depth removal may be necessary. In such cases. forms must be 
attached to the deck soffi t. Unless all of the patch is fu ll depth, 
the co ncrete should be placed in two li fts lo prevent cracking 
around the peri meter of the full-depth removal. The top of the 
first li ft should be level with the bottom of the other area of the 
patch. Feather edging of the patc h mate rial should always he 
avoided (2). Sharp edges. at least 25 mm ( I in .) deep. should be 
formed by jackhammers or. preferably. by saw-cutt ing. Fur
the r information on equipment and practices for removi ng con
cre te is contained in NCHRP S_,·111hesis of Hif{hwav Practice 
169: Remu,·ing Co11crete ji-0111 Bridges (3). 

After the concrete is removed, the exposed reinforcements 
must be cleaned by wire brushing or blasting w ith water or an 
abrasive. If bl ast c leaning is used. the concrete surfaces o f the 
patch are c leaned at the same time. A bonding material is 

applied and the re pair material is placed, sc reeded leve l with 
the ex isting deck surface. and cured. Several agenc ies use pro
pri etary patching material s for this type o f repair, ;i lthough the 
cost of the materials becomes significant if quantities are large. 
Conversely. site mi xed com:rete is generally unsuitab le if small 
volu mes are needed because it is d iffic ult to produce a high 
quality, air-entrained concrete under these condi tions. 

The perform ance of the interface between the parent con
crete and the repair material is crucial to the future performance 
of the deck slab should the membrane leak. and chlorides gain 
access to the interface. Intense anodic sites can form on the 
steel at the interface and rapid corrosion can occur (9 / ). After 
the patches have cu red, the e ntire deck surface must be pre
pared using the same procedures as for new construction. How
ever. while it is common practice to wait 28 days before water
proofing a new deck. construction schedules d ictate that 
waterproofing is frequently appli ed to a patc hed deck a fter only 
3 days of curing. The concrete is more porous, and has a higher 
moisture content than more mature concrete with the result that 
the membrane is more susceptibl e to bl isters or blowholes . 

Numerous fac to rs contribute to the quali ty of construction 
o f waterproofing syste ms installed on ex isting decks being in
ferior to that on new dec ks . T he deck surface is unl ikely to be 
as c lean. level. or as free from irregu larit ie as il new deck. 
which reduces the bond of sheet membranes and the local thick
ness of liquid membranes . Working condit ions arc more d iffi
c ult because of traffic on the deck. which may influence blast
c leaning operations and the use of some equipme nt. Removal 
of dc bri and dust is more d ifficu lt. and conta mination more 
li kely. Ti me constraints are inevitable, and seams in the mem-
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brane and construct ion joints in the overlay may be at less than 
the optimum locations. 

PERFORMANCE 

As noted above. the qua lity of construction for membranes 
insta lled on an ex isti ng deck is likely to be inferior to that on a 
new dec k because of a rougher deck surface and more difficult 
working conditions. Both factors tend to impair the perfor
mance of the waterproofin g syste m. However, the single big
gest factor affecting the performance of a membrane on a deck 
exhibiting corro ion is the effect of the repa irs on continuation 
of the corrosion acti vity. 

Because moisture is necessary for corrosion. it has some
times bee n presumed that the application of a membrane will 
stop corrosion in a bridge <leek. The membrane cuts off the 
availability of wate r and it might he argued that corrosion will 
cease as the concrete dries out. or the available moisture is 
consumed in the corrosion reactions. Even if corrosion does 
not stop, the membrane might be expected to ameliorate ongo
ing corrosion by reduc ing the moisture co ntent 01· the concre te, 
which would increase the resistivity of the concrete and reduce 
the corrosion currents. These presumptions have nut been sup
ported by the re sults of fi eld surveys (3 1,85, 92- 96) which have 
indicated a conti nuation of corrosion activity if a ll the chloride
contam in ated concrete is not removed. 

T he effectiveness of membranes in stopping or reducing cor
rosion was investigated as part of a laboratory study undertaken 
in the Uni ted Kingdom (97). Speci mens were fabricated and 
the top surface exposed to alte rnate drying and ponding with 
salt solution unti l the embedded steel was corrodi ng. The sur
face was waterproofed and the effect on the corros ion moni
tored for more than a year. Several paramete rs were measured, 
includi ng corros ion current, potentia l of the steel, and res istiv
ity of the concrete . The membrane had nu significant effect on 
the corrosion activity, as recorded by both the current and po
tential meas urements. The treatment also had little effect on 
the res istivity of the concrete. which suggests that the mem
brane d id nor reduce the moi sture content of the concrete. even 
though the bonom of the slab was unsealed anti exposed to 
rela ti vely dry a ir in the laboratory. The results were consistent 
with measurements of the weight change of the specimens. 

A very simi lar laboratory investigation was undertaken as 
part of a S HRP study (98). Specimens were fabricated and the 
sides sealed with epoxy Lo s imulate the boundary condit ions 
antic ipated in a bridge deck . A membrane and bi tumi nous 
overlay were applied after the steel began tu corrode, and the 
corrosion curre nt dens ity was measured using a commerc ial 
linear polarizat ion device . The corrosion current decreased by 
more than 50 percent during the first few wee ks after applica
tion of the membrane, and remained reasonably constant for the 
remainder of the moni toring period of I year. However, the 
current densi ty did not drop below the level of 2. I 5mA/m2 

(0.20mNft2) normally associated with a cessation o f corro~ion 
acti vity. The decrea ·e in corrosion was attributed to the reduc
tion in the moisture content o f the concrete as a result o f apply
ing an impervious overlay. 
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An earlier study in the United Kingdom (99) investigated 
the c ffcc tivcness o r three procedures for clea ning steel rein
forcement. Effectiveness was measured in terms o r whether 
the reinforcement co111inued to corrode after completion of the 
repair, 10 the concrete. Manual and power wire brushi ng were 
no t effec tive in c leaning local ly corroded steel. Grit hlas ting 
was usually effecli ve in cleaning steel with coarse pi ts but not 
fine corrosion pits. Howe ver, it was no ted 1ha1 the g ri t b last ing 
treatment was performed and in spected more thoroughl y in the 
ex periment than would be poss ible in the fi e ld . IL is especial ly 
diffi cu lt to cle an the unde rside o f bars ex posed in a deck be
cause the blast must be appl ied by rebound . whi<:h destroys 
much o f the energy. For most practical situat ions, it can be 
concluded that sufficient corrosion products remai n on the steel 
for corrosion to continue. 

T he effects of a membrane on corroding reinforced concrete 
were also investigated in the parking garage of the New York 
World Trade Center (42). Rate of corrosion probes were in
stalled in the concrc lc and curren ts were measured for periods 
up 10 3 years. In general, the corros ion continued a fte r appl ica
tion o f the membrane. In some cases the corrosion currents 
were re lati vely unaffected, so metimes there was a ~harp in
crease fo llowed by a slight decrease. and in o thers there was a 
sharp decrease for a few month s followed by a signif'icanl in
crease. The last mentioned si tu at ion was most common in 
former areas o f dclamination. The bars in the repair areas were 
cleaned by wire brushing. whic h was almost certainly a con
tri buting factor to the corrosion continuing. 

T he effect of patches on corrosion acti vi ty in a sa il-contami
nated bridge deck was explained as a result of an investigation 
of methods of re pairing deteriorated dec ks. w hich was initiated 
in Cali fornia in 1969 (89, 100). 

Corrosio n of rei nforcement is the electroche mical degrada
tion of steel in concrete . 11 occurs when the re are su ffic ient 
chloride ions at the steel surface to destroy the passivity of the 
steel and an electrochemi cal cell develo ps. Four basic c lements 
are necessary for an electrochemical cell to function: an anode 
w here ions go into solution and corro ion takes place; a cath
ode. which does not corrode but maintains the ionic balance of 
the corro ion reactions; an electrolyte. which is a so lution ca
pable of conducti ng current hy ionic fl ow; and a conductor. 
which permits the flow o f e lectrons between the anode and 
cathode . In the case of steel in conc rete, the anode~ a nd cath
odes occur on the re inforc ing steel. wh ich also acts as the con
ductor. and mo ist concrete serves as the electrolyte . This is 
ill ustrated sche matically in Figure 30. 

The 111ajor /'ac tors that de termine the rate of' corrosion are 
the size of the anodic and cathodic areas, the d isrnncc between 
them. the availability of oxygen and moisture at the cathode. 
the polariw1ion of the cell. and the resi, tivi ly of the e lec troly te . 

As the steel corrodes. it ex pand s. usually resul ting in a 
dclaminatcd piece of concrete separated from the parent con
crete by a fracture plane paralle l to the concrete surface. o ften 
located at or near the le vel of the reinforcement. 

Whe n repa irs are made. the de laminalcd concrete is re
moved. Future co1Tosion activity is determined by the amou111 
of concrete removed and the extent lo which corrosion products 
are cleaned from the reinforcing stee l. If the concrete is re-

FIGU RE 30 Simpl ified model of steel corros ion in concrete 
(101) . 

moved from around the perimeter o f the bars. and the corrosion 
deposits re moved from the bars before (chloride free) parching 
material is placed. the steel in the patch area w ill become ca
thodic with respect to the steel out s ide the patch. T hus, a l'o r111cr 
anodic area becomes a rnthode. In many cases. a g reater poten
t ial difference cx i, 1~ ae ro,~ the perimeter of the patc h than be
fore the o rig inal conc rete was re moved. The steel outside the 
patch bcco 111cs the anode. and rapid <:orrosion of the steel sur
rounding the patch may occur. 

If the steel i~ exposed in the patch but remains panly sur
rounded hy the orig inal concrete and pa rt ly by the patching 
material. corros io n w ill continue. T he same situation prevai ls 
if corrosion products remain on the bars. 

A1tempts have been made to eliminate the patching effect by 
i nsu la ting the stee l in the patched area fro m further corrosion 
activity (100). This strategy was used in California hy appl y ing 
an epoxy coating to the steel just prior to placing the patchi ng 
material. The tec hnique was not complete ly successfu l be
cause corrosion was found subseque111ly in patches where the 
steel was coated (X9). It is extremely difficult to clean and coat 
the underside of bars with a liquid epoxy in the field and voids 
in the e poxy presumably accounted for the continuing corro
sion activity. 

Even if all the anodic areas are removed from a deck and the 
areas patched after insul ating the steel, the steel outside the 
patch does not need the participation of the steel inside the 
patch for it lo become acti ve. If pote ntial diffl.: rcnccs cxi~t 
along the steel. as they in variably do. corrosion can hegin e lse
where in the deck ~lab . It is common lo measure a significant 
reduction in corros ion activi ty immediate ly a fte r re pairs have 
been made. As the new ce ll s become established. corrosion 
activity increases regard less of the e ffecti veness o f the me m
brane. It is imponan1 lo note that the e ffect of patches on 
corrosio n acti vity i~ 1101 specific lo me mbranes but appli l.:s lo 
any other non-electrochemi cal me thod of rehabi litation. suc h 
as the construction of a concrete overlay. 

The effect of patch repairs was observed in a recent study in 
Vermont. Two decks were rehabi litated in 1986 by repairing 
delaminalions and applying a membrane . The membrane were 



removed in 1993 and the results of potential and delam ination 
surveys were compared with measurements taken at the time of 
rehabilitation. A numbe r of new dclami nations had developed. 
mai nly around areas that had been patched. o r at areas w it h a 
potential more negative than -350 mV (CSE) in 1986. The 
average corrosion potential was less negative in 1993 than be
fore the repairs were made despite the fac t that chloride leveb 
at the reinforcement exceeded the corrosion threshold va lue . 
The state considered tbe treatments to be effective in slowing 
corrosion activity in the decks. 

A reduction in corrosion activity (as meas ured by potential 
readings) has been reported for o ther chlo ride-contaminated 
bridge decks in Vermont fo llowing application of a me mbrane 
(102). In a study of six decks. potential readings on five of the 
decks became less active by an average of 105 mV duri ng the 
fi rs t year. with a further reduction of 34 mV during the second 
year. One of these decks was mon itored for 49 months and 
there was no significant increase in corrosion activity. In the 
case of the s ix th deck, there was little change in the average 
potential reading, w hich remained in the acti ve range during 3 
years of mon itoring after applicat ion of the membrane. The 
difference in performance between this deck and the o ther five 
decks was ascribed to corrosion of the bottom mat of reinforce
ment. As noted in Chapter 2, potential measure me nts are diffi
c ult to interpret if not supported by collaborating data. 

Four bridges in Vermont were studied as part of an investi
gation by SHRP to determine service life of rehabi litation tech
nique~ (96). The bridges had all been rehahi litated through the 

appl ication of a membrane 4 or 5 years prio r to the investiga
tion. (The SHRP study report notes that the membranes were 4 
to 15 years o ld at the time of the investigation. Data fro m the 
Vermont Agency of Transportation show the bridges were re
habilitated 4 or 5 years prior to the investigation.) 

The test procedures in volved cutting 0.6m x 0.6111 (2ft x 2 ft) 
sections of surfacing and membranes from the deck . Measure
ments were then made of depth of cover. chloride conte nt. con
crete res istivity, and corrosion curren t de ns ity . The rate o f 
corrosion measurements were made with two commercial de
vices, though onl y the readings from the instrument wi th the 
lower coefficient or vari ation were used in interpreting the re
maining service li fe. one of the rate of corrosion measure
me nts indicated a passive cond ition. For two me mbranes, 50 
percen t of the readings were in the range assoc iated w ith corro
sion damage within 2 years, and the remain ing 50 percent with in 
the 2- to I 0-year range. For another membrane, I 00 percent of 
the read ings were in the range associated with damage in 2 to 
IO years, and for the fourth membrane, 78 percent of the read
ings were in either the less than 2 year o r the 2- to I 0-ycar 
range. The resistivity values were generally low, indicating a 
relatively high moisture content in the concrete. It was re
ported that no accurate est imate of the service li fe could be 
determined from the field evaluation. although the life predicted 
by the rate of corros ion measurements was reasonably cons is
tent w ith the I 0- to 15-year range reported in the expert opinion 
survey conducted as part o f the ~tudy. 

Cal iforn ia began its program of investigating membranes in 
the early 1970s. In 197 1, threl: liquid membranes and three 
sheet me mbranes we re installed. four o f the m on bridges with a 
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5.4 percent grade. Various degrees of difficulty were encoun
tered in all the instal lations (67). Problems encountered in
cluded the fo llowing: 

• Blistering (in a ll six systems), 
• Incompatibi lity w ith chl ori nated rubber curing compound 

(2 systems), 
• Sagging. 
• A roofing paper was applied too early to a urethane mem

brane with the result that it did not cure, 
• Tack coat stuck to paving equipme nt and lifted the mem

brane. 
• The release paper was d ifficu lt to re move fro m one sheet 

system. 
• Another sheet system dcbondcd from the curb, and 
• Membranes were damaged during the paving operation, 

e specially those appl ied to the bridges on the steep grade. 

The investigation was expanded and several installat ions 
were evaluated for periods up to 8 years ( 103). The evaluation 
consisted of resistance measurements taken before and after 
paving, and at intervals after the deck was opened to tra ffi c. 
These measurements were supplemented by selective removal 
of the surfacing and visual observations of the membrane and 
protection board or roofing felt (where used). 

Seven preformed membranes were eval uated at 20 in, talla
tions, and five of the membranes were considered acce ptable. 
The biggest problem identified was the occurrence of blisters. 

T he two membranes considered unacceptable had low resis
tance read ings from the time of construction. The use of pro
tection board was not considered necessary with the preformed 
membranes, though it was recommended that the base course 
consist of IO mm (0.38 in.) max imum size uncrushed aggregate 
to minimize damage to the membrane. 

T he study a lso evaluated seven liquid membranes at 16 in
stallat ions. a nd cons idered two of the seven acceptable. Those 
rated unacceptable exhibit ed excessive permeability or were 
damaged by the paving equipment. Blistering was a problem 
with all or the membranes. The results of the study, summa
rized in a final report (32). led to the preparation of a list of 
approved products and revi~ion~ to the specifications for water
proofing decks. 

Monitoring of a number of the installations was continued 
as part or a consolidated study of several experime ntal features 
on bridges (104). The deck waterproofing systems we re re
ported as performing atisfactorily on the hasis of visual observa
tions, although the asphalt surfacing had to be replaced on three 
bridges 5 to 9 years after the installation because of break-up of 
the surfacing. 

California recognized at the program's outset that a mem
brane would not stop corrosion, but the life of the deck would 
be extended in a cost-e ffective manner (67, 103). All of the 
membranes were overlaid with 75 111111 (3 in. ) of asphalt surfac
ing for protection and for maintaining an adequate riding sur
face even after de laminations deve loped in the deck slab. 

Four waterproofing systems were placed on existing decks 
in Kansas during the period 1970 to 1974 and investigated in 
1982 or 1983 (105). Two of the systems were polypropylene-
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reinforced sheets and the other two were coal-tar mod ified liq
uid memhranes. On the basis of visual exami natio n and resis
ti vity measurements. the insta llations were reported 10 be per
form ing well . The only exception was a heavi ly trafficked 
deck. located on a grade w ith a traffic signal at the low e nd of 
the deck. Where the membrane was subjected to braking forces. 
it fai led in less than 9 years . The re mai ni ng membrane~ were 
investigated again in I 99 1 (106). Resistivity measurements 
indicated that the membranes had failed. ~uggcs ting that the 
useful li fe o f a waterproofing syste m in Kansas is I.~ to 20 
years. 

Anothe r early example of the use of me mbranes was an 
installation on the 1-74 bridges in Iowa in 1973. /\ preformed 
membrane was in stalled as part of a deck replacement of the 
northbo und bridge. The membrane was replaced in I <)76 he
cau~c uf bl ister~ and bond failure between the protection board 
and the membrane. The southhound hridge. which had a differ
ent sheet membrane. was sti ll in service a fter I 2 years although 
the surfac ing had required extensive patching and the deck was 
programmed for a concrete overlay. Installations on four 
bridge on 1-380 also had to be replaced a fter on ly a few years 
of service . These experiences caused Iowa to di scontinue usi ng 
membranes, even in ex perimental installations. 

The experience in Missouri was s im ilar to that in Iowa. Mis
souri init ia ted a study of several pro tective syste ms that in
cluded two preformed and two liquid waterproofing syste ms 
( 107). Each system was installed on two ex isting bridges lo
cated on interstate highways in North Kansas City in 1976 o r 
I 977. /\ II o f the surfacing installations were s ubjected to heavy 
truck traffic. The thickness of the asphalt surfacing was 50 mm 
(2 in. ). Although the membranes were e ffective in preventing 
additional chloride penetration of the deck. resistance readings 
on a ll of the membranes dropped sha rply after the first year. Of 
greate r concern. however, was that the maintenance-free li fe of 
the surfac ings was found to be about 5 years. Thi s experience 
caused Missouri to discontinue using wate rproofi ng mem
branes. Ex isting membranes are being replaced by polymer or 
concrete overlays as they reach the end of the ir service life. 

Minnesota also experienced short service lives from 
surfac in gs placed over membranes (85). Mca~urcmcnt~ taken 
over several years on rehabili tated decks revealed extens ive 
dcbonding of the surfacing and dcl amination withi n the deck 
slab. The state conc luded that applying a me mhrane does not 
halt the deterioration of a corroding deck. 

i-:ive w aterproofi ng syste ms, three pre formed and two liquid 
systems. were installed on existing decks in New York in 1976 
a part of the National Experime nta l Evaluation Program 
(NEEP) No. 12 (108). The asphalt surfaci ng was 60 mm (2 .5) 
in. thick . The maximum aggregate size in the base course was 
10 mm (0.38 in.). The membrnnes we re eva luated over a 13-
year period by visual observation. and resistance and potential 
measu re me nts. A two-coat bit uminou s epoxy system exhibited 
low resista nce read ings from the time o f construction. The 
resistance values of the three preformed membranes dropped 
substantially after about 5 years. The ho t-applied. polyvi nyl 
chloride-based liquid membrane maintained consisten tly high 
readings for 8 years, when the deck was rehabi litated " perma
nentl y." The study conc luded that four of the membranes had 

an effective li fe of ahoul 8 years, wh ich was reported 10 be 
about the service life o f a 60 111111 (2.5 in.) asphalt overlay. 

Ill inois evaluated the performance o f 20. chloride-contami
nated decks over a 3-year period ending in I 980. The decks 
were repaired by patching spalled and delaminated areas. fol 
lowed by the application of Il linois' standard bui lt-up water
proofing system. For all of the structures. more than 50 percent 
of the dec k area contai ned chl oride in excess uf the corrosion 
threshold value and at least 30 percent of the deck area exh ib
ited acti vc corro~ion potentials. The decks were mon itored 
annuall y by visua l inspection. for delami nations (using the 
Dcla rntect device). membrane permeability. and corrosion po
tentials. By the conc lus ion of the study, no signi ficant tre nds 
were identi fi ed (109). A second phase was init iated in 1982 for 
a furthe r 3 ycar5. T he same test procedures were used except
ing permeabili ty measuremellls. which were not taken because 
the lest method (ASTM D3633) was considered unreliable. and 
copper stri ps embedded in the deck were damaged beyond re
pair. After 6 o r 7 years the majority of the dec ks were reported 
to he in gene rally good conditi on (/ /0). Blister~ developed on 
15 of the structures and difficulties were encountered in di stin
guish ing between the blisters and dcla minated areas. The aver
age area o f delamination was esti mated 10 he less than I per
cen t. and the maximum to be 2.4 percent. During the period of 
the study, no maintenance was performed on 13 of the decks; 
cracks in the surfacing were sealed on 4 decks. and delarn inated 
a reas were patched on three decks. An economic ana lysis com
paring the cost of patching and waterproofing with deck re
placement showed that repa irs were cost effective if they lasted 
more than 4.5 to 9.8 years, depending on the assumptions made 
in the analysis. 

New Je rsey installed nine waterproofi ng systems as part of a 
study to invest igate the cost effectiveness of several alternati ve 
strateg ies fo r rehabi litating bridge decks (95). T he systems 
comprised seven preformed membranes, one liquid ruhherized 
asphalt, and one ~ystcm described as a '·tack coal" rnembrane. 
T he waterproofin g systems were monitored over a period rang
ing from 4 lo 14 years. 

Although there was some deterioration o f the surfacing. and 
corrosion conti nued in the deck slab, it was concluded that the 
waterproofing systems were e ffective in extending the life of 
the deck slabs. It was shown. through a life-cycle cost analysi .. 
that membranes arc e ffec tive in New Jersey if they provide 10 
years of service. /\ life o f IO to I 5 years was projected from the 
field measurement~. The study also developed recommended 
criteria for the use of protecti ve systems. Membranes were 
recommended for consideration fo r al I structures where the deck 
deteri oration is not exte nsive. Me mbranes were the onl y sys
tem recommended for use where the remaining life of the struc
ture i~ projected to be less than IO years, because they were the 
least expensive of the options considered. 

In the early 1970s, it was recognized that a permanent repair 
could only he made if all the concrete contain ing ~ufficicnt 
chlorides to cause corrosion was removed (45,89). It is now 
recognized that all of the corrosion products must also be re
moved from the reinfo rcing steel, a task which is virtuall y im
possible in practice. It follows that applying a membrane to a 
salt-contaminated deck wi ll not stop corrosion. but neverthc-



less may be an appropriate method of extending the deck life by 
providing a smooth rid ing surface and preventing the develop
ment o f potholes in the deck slab for a number of years. The 
decision should be based on a cost/benefit analysis for each o f 
the schemes under consideration. While costs can usually be 
determined reasonably accurately. the extension o f service life 
is much more subjecti ve , and mo t agenc ies rely on past perfor
mance hi stories in comparable situations. 

Service Life of Membranes in Bridge Deck Rehabilitation 

O ne of the survey questions asked agencies to provide data 
on the antic ipated service life of membranes applied to existing 
decks. A ~upplcmentary question asked whether the antici
pated life was based on acwal performance data and, if nut, 
how it was established . 

The responses ranged from 3 to 30 years. Most answers 
were in the range of IO to 20 years. A lthough several agenc ies 
stateu that ervice li fe was based on actual field performance. 
no supporting data were supplied. It appears that, in must cases, 
the anticipated serviCl: life is based on eng ineering judgment. 

The su rvey responses do not imply that membranes last for 
3 years in some parts of the country and 30 years in o thers. 
Those agencies. such as Kansas and Michigan , that reported 
short service li ves onl y use membranes as part o f repairs to 
maintain an adequate riding surface on a deck until more per
manent repai rs can be made. As noted previous ly, actua l ser
vice li fe is determined primarily by the deck prepara tion proce
dures and the quality of workmanship. Many of the longer 
estimates of service life were in the :-Jew England states, where 
the re is a lung trad ition of membrane use . 

A study o f the service life of several corrosion protec tion 
syste ms was undertaken in Alberta (/ / / ). Based on fie ld data. 
and expert opinion. it was estimated that the average service 
life of a waterproofin g membrane and bituminous surfacing 
applied to an ex isting deck is 16 years to the optimum time for 

TABLE 18 
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TABLE 17 
SERVICE LIFE O F REHABILITATED DEC KS (condensed 
from / 12) 

Service Life, years 

System Source Ave. Low 

Membrane + surfacing L 9.7 3.7 

Membrane+ surfaci ng Q 11.8 4.5 

Concrete overlay L 17.9 13.6 

Concrete overlay Q 15.5 10.0 

L = from literature survey; Q = from responses to 
questionnaire. 

High 

15.0 

20.0 

25.0 

22.5 

the next rehabiliration. Adjustments ranging from -5 tu + 7 
years were suggested lU accou nt for fac tors such as type of 
structure, traffi c vo lume, drainage condi tions, and the nu mber 
of freeze-thaw cycles. 

The service life and cost of va riou methods of deck reha
bil itation were reported in a literature survey undertaken as part 
of a SI-IRP study (/ 12). Info rmation was coll ec tcd from two 
sources: the l iterature and a questio nna ire . The average service 
life, and the range of service Ii ves reported for a membrane and 
bituminous surface, and a concrete overlay. are given in Table 

17. Data fro m the two sources are reasonably consistent. and 
data fo r me mbranes are within the range of the responses re
ported in Append ix B. Data on the costs of membranes and 
concrete overlays are given in Table 18. Whi le the data arc 
reasonably cunsi~tcnt for conc rete overlays. there is an unex
plained disparity between the two sources with respect to the 
cost of waterproofin g membranes. The range of cosb is so 
large as to make a meani ngful discussion of costs difficu lt, and 
e mphasizes the importance of basing calculations o f cost e ffec-

INITIAL A D LI FE-CYCLE COST Or REHABILITATED DEC KS (condensed from //2) 

Present Value Total 
Initial Cost, $/m 2 Cost 1, $/m 2 

Over 25 Over 50 

System Source Average Range years years 

Membrane + surfacing L 60.81 18 .57- 16 1.99 114.70 147.36 

Membrane + surfacing Q 29.45 5 1.24 66.2 6 

Concre te overlay L 99.52 13.3 8-344.16 12 3.35 156.6 3 

Concre te ove rlay Q 104.59 151. 99 192.2 9 

L = from I iterature survey; Q = from responses to questio nnaire. 
1 Based on I 0 % interest rate, 5% inflation rate, and a maintenance cost of I 0% of initia l co st. 
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tive ness on local figures rather than on national averages. De
spite the w ide range of values. the co~ts du indicate that mem
branes are less expensive than concrete overlays, hot h ini tially 
and over a li fe cycle uf 25 tu 50 years. 

Taki ng the resul ts of the performa nce data and expe rt opin
ion reported in this chapter. it appears reasonable, in the ah-

sence of local experience to the contrary. to assume a service 
li fe for membranes used in the rehabi litation of deck to be no 
more than 5 tu IO years, if only minimal repairs are made or the 
surfacing is less than 75 111111 (3 in.) thick, and 10 tu 20 years if 
deck repairs are more extensive and a s urfacing of more than 75 
111111 (3 in .) is used. 



C'IIAPTER FIVE 

CONCLUSIONS 

There are 1wo reasons for usi ng a wa1erproofing membrane on 
a bridge deck: to protect the concrete in the deck slab from freeze
thaw induced deterioration. and 10 prolect the embedded rein
forcement against corrosion. It is known that in Yermom. water
proofing membrane~ were used in rcspon c to ob crva1ions of 
badly deteriorated concrete when bituminous surfacings were re
moved. The deterioration was most prevalent adjacent lo curbs 
and expans ion joints where water could pond on the deck slab. 
Beginning in 1960. two coats of tar emul sion were specified, and 
this subsequently led to the use of more effective membranes in 
the early I 970s. The other New England states like ly followed a 
similar path because the use predates the recognition of corrosion 
as a domin ant mechanism in the deterioration of bridge decks. 
Elsewhere in the United States, the use of membranes was largely 
the resul t of a 1972 federal requirement that bridge decks be 
protected against corrosion. The history of membrane use in 
Canada parallels that in the New England slate~. Prior to 1960. 
scalers were used to counteract deterioration of concrete be
neath asphalt surfacings; however. when these measures were 
unsuccessful. membranes were introduced . 

Data gathered in surveys conducted over the past 20 years 
show a consistent decline in the number of slate agenc ies usi ng 
waterproofing membranes in new construction. In 1994, 25 
percem of agencies reported using membranes on new decks 
(th ough not necessarily on all deck s in the state) . The major 
reason for the decline has been the development of a lternative 
strategic~ for corrosion protection, particularly epoxy-coated 
reinforci ng bars. Epoxy-coated bars are relati vely inexpensive, 
easy to use. and are perceived by most agencies lo be perform
ing satisfactorily in bridge decks. The states are sharply di
vided over the merits of waterproofing decks. Reasons given 
fur not using membranes include the inabilit y to inspect the top 
surface of the concrete deck slab, the poor performance of ex
pe rimental installations. and the short service life of asphaltic 
overlays. 

In contrast with new construc tio n. the m1 mbcr o f s tate agen
c ies using membranes in conj unction with the rehabilitation of 
bridge decks has remained about the same over the past 20 
years. About one-half of the s tates use me mbranes in rehabi li
tation work. though in some cases the use is limited to specific 
ty pes of structures. or for keeping a deck in service for only a 
few years. Whi le several states were usi ng membranes on an 
ex pe rimental basis in the I 970s, most jurisdic tion~ had re
moved the experimenta l designatio n and e ither adopted mem
branes as a standard treatment or terminated the ir use by the 
late I 980s. The greater use of membranes in rehabi litation 
than new construction reflects the fewer options avai lable for 
protectio n o f ex isting decks. Data from the 1994 survey 
showed that, in 1992, the area of membranes installed in reha-
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bili tation was approximately six ti mes that installed in new 
construc tion. Several agencies reported that membrane use in 
re habilitation was increasing. 

The survey idemified that 22 different proprietary wate r
proofing products were used in the United States in 1992, in
cluding variations of the same product. The vast majority o f 
the me mbranes are preformed products and three of the prod
ucts have dominated the marke tplace for a lmost 20 years. The 
situation in the United States is in marked contrast with Canada, 
where hot-applied rubberized asphalt membranes are widely 
used, and with Europe. where resin-based liquid membranes 
are used as well as sheet membranes and bitumen-based liquid 
me mbranes. 

It is interesting to examine the current situation in the United 
States in the context of the recent history o f membrane u. age. 
Bridge deck deterioration was not recognized as a serious prob
lem by highway agencies until the late 1960s. When the federal 
requiremem for corros ion protection was issued in 1972, fo ur 
acceptable treatments were available. A number o r inexpen

s ive proprietary membranes were available. Many more were 
introduced. often without adequate testing. in an attempt to cap
ture a rapidly ex panding market. Some of these membranes 
were accepted by state agenc ies, without a definition of perfor
mance req uirements and often without a formal evaluation. They 
were installed by inexperie nced contractors and accepted by 
inspectors with little or no relevant training. Many o f the in
stallations we re des ignated expe rimental and several states in
stituted performance studies. Much of the U.S. literature dates 
from this period and chronicles the problems with fie ld installa
tions, which were all too common. Based on this experience. a 
number of agencies abandoned the use of membranes a nd the 
decision does not appear to have been revisited. 

T he study reported in NCHRP Report 165: Waterproof 
Membranes for Protection of Co11cre1e Bridge Decks was initi 
ated in the early 1970s in response to the proliferation of mem
branes in the marketplace. The study eval uated 147 products 
and. on the basis of simple laboratory screening tests, identified 
fi ve products a~ be ing ~uitable fo r fi e ld evaluations. A ll fi ve 
products were sheet me mbranes requiring the application of an 
adhesive to bond the me mbrane lo the deck. Three of the fi ve 
products were sheets of vulcanized rubber. These types of 
membrane inevitably perform well in laboratory tests, which 
cannot duplicate field condit ions adequately. The membranes 
proved to be very difficul t to install without creating blisters 
because the adhe~i vc acted as a contact cement. The self-adhe
sive, reinforced polymer sheets became popular during this pe
riod, and have remained essentially unchanged fur a lmost 20 
years. 

The current static situation is a consequence of both public 
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agency specifications and lack of incentive for product improve
ment in the private sector. Most agenc ies use prescription spec i
fications, many of which date from the 1970s and are based on 
manufact urer, · recommendations. Most sta tes us ing me m
branes mainta in a list of approved products. The approval pro
cess. whic h varies from state to state, is not well defined in most 
states and relies on trial in sta llat ions and e ngineering judgment. 
T he actual membrane used in any situation is determi ned by the 
low bid procc,,. 

Whi le there has been progress toward the development of 
perform ance specifications, signi ficant improvements in water
proofi ng systems cannot be expected unti l speci fications that 
will challenge and reward manufacturers are w ritten. ln current 
bidding practices for membranes, there is an emphasis on first 
costs with litt le consideration of life-cycle costs. In the United 
States. development of perform ance specifications has been 
hampered by lack of research. Except fo r minor ex pendi tures 
in several SHRP studies. there has been only one nationally 
funded study (NCHRP Project 12- 1 I), which was comple ted 20 
years ago. 

The lack of a quanti tative definition of performance require 
ments for waterproofi ng systems. the abse nce of pre
qual ification test procedures that will simulate the requirements, 
and inadequate qu ality assurance tests are ma jor obstac les to 

the development of specifi cations. Research in the Uni ted 
Kingdom has shown that conditions on si te are often more de
manding than current prequalification tests. 

Although the membrane provides the waterproofing integ
rity, it is one com ponent of a waterproofing system that in
cludes primers. adhesives, protection board, tack coat, and bitu
minou, concrete surfac ing. The overall performance of the 
system is determined by the complex interaction of mate ri al 
factors. design details, and quality of construction . Failure oc
curs w hen the membrane is no longer watert ig ht or the su rfac
ing breaks up. 

The waterproofin g integrity of membranes is determined pri
marily by two properties: bond and the amount of damage. A 
good quality. undamaged, fully bonded membrane is water
tight. Conversely. damaged, unbonded membranes transmit 
large quantities of water because the water is not confined to 
the location of the leak. For conditions betwee n these two 
extremes. performance is governed by the amount of damage 
and the degree of bond. Even a membrane that is badly punc
tured wi II slow the flow of water if it rema ins well bonded. The 
application of two coats of silane to the concrete deck slab has 
been found to reduce the quant ity of water transm itted s ig nifi 
cantl y, a lthough the treatment is not as effective as a well 
bonded. undamaged membrane. Some s ilanes can also reduce 
the bond of membranes to the deck s lab. 

Loss of adhesion between the me mbrane and the deck slab 
eventua lly leads to failu re of the membrane. Some self-adhe
sive sheet membranes have very poor bond when applied at 
temperatures below 5°C (41 °F). Ventila ting layers reduce the 
bond to the deck slab and are not advised for use. Loss of 
adhes ion between the asphalt surfacing and the me mbrane is 
usually a precursor to fai lure of the su rfac ing. 

Many of the membranes in current use are susceptible to 
damage by paving eq uipment and hot aggregate at the time of 

installation of the surfacing. Protection boards are used in 
Canada and in Europe to prevent damage from these sources. 
but onl y a few states require the m. However. studies have 
shown protection boards to be effec ti ve in reducing damage 
during placement and compaction of the surfac ing, and after 
the deck is opened to traffic. Construction specifications place 
few controls on the contractor' s operations when placing and 
compacting the surfac in g, yet any damage that occurs is very 
difficult to detect afterwards. 

Several stud ies have shown the importance of the th ic kness 
of the asphalt surfacing in reduc ing da mage to the membrane 
from both traffic loadi ng and thermal effects. It has a lso been 
shown that thicker mem branes are more to lerant of s uri"ace fin
ish and more resistant to damage from site act ivi ties. paving 
operations, and tra ffic loading ; however, where grades exceed 
4 percent or the deck is subject to braking forces or turning 
movements by heavy truck traffic. rutting or shoving are likely 
to occur. 

Field studies have also shown that the performance of mem
branes has bee n extremely variable, and most investigations 
have revealed decks in which the waterproofing system was not 
performing satisfactorily. Many of the studies that revealed 
poor performances were undertaken in the early 1970s. More 
recent studies, and especially those by agencies with lengthy 
experie nce in the instal lati on of me mbranes. have tended to 
show generally satisfactory performance. The application of a 
me mbrane w ill not stop corrosion in an ex isting deck, but the 
strategy can still be cost effective in extending the life of a 
deck. The major benefit is in prov iding a smooth riding surface 
and in s lowing the deterioration of the deck slab by preventing 
the development of potholes for a number of years. Some fi eld 
studies have al so suggested a reduction in corrosion acti vity. 
Future corrosion performance is determined by the amount of 
salt-con tami nated concrete removed from the deck, and the ex
tent to which corrosion products are cleaned from the stee l. In 
practice. it is virtually impossible to prevent new corrosion cells 
from developing in the rehabilitated deck . The typical service 
life for waterproofing systems in current use is 15 to 20 years 
when applied to a new deck . On rehabil itated decks, the ser
vice life is typi cally in the range of 5 to IO years if only mini
mal repairs arc made or if the surfac ing is less than 75 mm (3 
in .) thick, and 15 to 20 years if deck re pairs are more extensive 
and the thickness of surfac ing is 75 mm (3 in. ) o r more. In 
many cases, the se rvice life is determined by the surfacing 
rather than by the membrane. 

There is no proven and reli able method for determi ni ng the 
condition of a waterproofing system e ither immediately after 
construction or in la ter performance studies, or in condition 
surveys for mak ing project level decisions conce rning the re ha
bili tation of waterproofed decks. Visual inspections, combined 
with chloride ion content measurements of the concrete. and 
selecti ve removal of the surfacing are the most satisfactory 
methods of investigating bridges in service. The electrical re
sisti vi ty test that was used widely in the 1970s has so many 
serious li mitations that its use has been largely discontinued. 
Ha lf-cell potentia l tests arc more difficult to interpret than when 
used on bare decks, especiall y when a membrane is applied to a 
deck already contaminated by salt. For the detailed investiga-



tions, or for research studies . ultrasonic and rate-of-corrosion 
measurements show promise but require additional f'i c ld vali
dation. Othe r techniques such as radar, the rmography. and 
nuclear techn iques have been in vestigated but are not currently · 
practical. 

While the re is no doubt that waterproofing systems can be a 
very cost-effective method of bridge deck protection. the con
c lusions show that waterproofing practices in the United States. 
which have been almost sta tic for the past 20 years. can stand 
some improve ment. Materials, prequa li fication procedures. 
design detai ls. and construction practices are not as refined as 
European. and especially U. K., rractice. It appears that the 
common practice to obtain the lowest first costs is re tarding 
development. and that a modest increase in the price paid for 
the supply and installat ion of waterproof'in g systems may result 
in a more than commensurate increase in performance. Some 
procedures to improve the practice can be suggested for im me
diate consideration, while othe rs must wait for the resul ts of 
research. 

The fo llowing arc materials considerati ons fo r me mbranes 
that may improve the practice: 

• Prequalificati on tes ts and acceptance c riteri a could be 
reviewed to determine if the reasons for c urrent approval prac
tices are valid. Many jurisdicti ons accept only a handful of 
proprietary products and there have been few changes in many 
years . 

• The softe r and thicker membranes a re li kely to cause 
ru tt ing or shoving in the surfac ing where grades exceed 4 per

cent or the deck is subject to braking forces or turni ng move
ments by heavy truck traffic. Either membranes resistant to these 
forces o r another method of deck protection should be used . 

• Li4uid me mbranes should be more than 2 mm (0 .08 in.) 
thic k, and preformed membranes more than 2.5 mm (0. 10 in.) 
thic k. 

• Ventilating layers reduce the bond of the membrane to 
the deck and arc not <1dviscd for use. 

Design considerations that may enhance practice are as fol 
lows: 

• Drainage from the bridge deck should be prope l'i y pro
vided. Water should d rain qL1ickly from the deck and seepage 
drai ns should be provided al the lowest points to drain wate r 
passing through the aspha lt from the surface of the membrane. 

• Most of the membranes in current use arc suscept ible to 

da mage at the time of installation o f the asphalt surfacing. Pro
tection board or a layer of sand asphalt are e ffective in res isting 
punctures and e ither one should be considered when writi ng 
specifications and developing drawing detail s. 

• Several studies have shown that the thickness of the as
phalt surfacing has a major infl uence o n the performance of 
waterproofing syste ms. A minimum thickness of 75 mm (3 in .) 
is suggested when speci fying thickness. 

To help in the construction process. tho rough consideration 
of the activities that have a significant e ffect on the perfor
mance of waterproofi ng systems shou ld be incorporated in the 
constructio n specifications. The items to be thoroughly consid
ered when writ ing specificatio ns include the followi ng: 
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• The de fi n ition of a clean. sound . a nd d ry deck su rface; 
• Weather conditions (temperature and precip itat ion) at the 

ti me of insta lling the membrane: 
• Maxi mum elapsed ti me between install ing the primer. 

me mbrane. protection board. tack coat. and base course of the 
surfac ing: and 

• Cont rols on the equipme nt. placing temperature. and roll
ing temperature of the surfaci ng to prevent damage to the mem
brane. 

In the process o f collect ing info rmation for this synthesis. 
three current research studies involving waterproofi ng mem
branes were identi fied. Alaska is undertak ing a st udy of the 
pe rformance of membrane~. Oklahoma is conducting a field 
study of construction prac tices o f membranes with the objec
tive of rewriting its materials and construction specifications. 
Vermont is continu ing a long-established program of monitor
ing the field performance of membranes. and is also revis ing its 
construction specifications. 

With regard to future research needs . it appears that the high
est priority need is the development of a perfo rmance-based 
specification for waterproofing syste ms. An integral compo
nent of the specification should be a provision for life-cycle 
costing so that systems th at offer superior performance can 
compete on an equitable b;,isis with systems that have low ini
ti al cost. but a short service li fe. To achieve thi s goal. research 
studies are needed to examine fie ld performance , 
prequalification testing, and quality a ssurance proced ures . 

There have no t heen performance studies in North A merica 
equivalent in depth and scope to the U.K. studic~ cited exten
sively in this synthesis. While ma ny of the fi nd ings are appli
cable, differences in mate rials. construction practices. and cli
mate mean that detai led pe rfo rmance studies need to be 
unde rtaken in the United States. These studies would need to 
inc lude a review of the reasons fu r the current practice and to 
dctcn ninc whet her the conc lusions reached in the research stud
ies undertaken in the 1970s are still valid in the 1990s. The 
logical product of the fie ld studies would then he a quantitat ive 
definition of the performance require ments for waterproofing 
systems. 

Once peif ormance requirements are establi shed. a suite of 
prequali fieation tests. together with quantitati ve acceptance cri
teria . would be a necessary developme nt. The objective is to 
deve lo p tests that wi ll ensure that products meeti ng the require
ments will perform satisfactorily in the fie ld , whi le not being so 
stringent that satisfactory products are rejected. Finally. qual
ity assurance requirements would requ ire de finit ion, whic h 
would necessitate the deve lopme nt of test methods that can be 
applied immediately following installation o f the components 
of the waterproofing syste m. T his approach is consiste nt with a 
public sector definition of requirements and prod uct develop
ment in the private sector. 

T he second area of needed research cont inues to be in the 
development of methods for in vestigating the condit ion of wa
terproo fing membranes in the fie ld. Despite the progress in 
recent years. further research is needed to develop measures of 
the e ffect ivene~s of waterproofi ng syste ms unde r service con
di tions. 
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GLOSSARY 

Blister- a pocket of air or vapor between a membrane and the 
deck , urface. 

Blowhole-a perforation in a liquid membrane resulting from 
the e~cape of vapors from the concrete hefore the mem
brane has cured. 

Membrane-a continuous sheet of material. e ither preformed. 
cured from a liquid. or cooled from a hot melt. which is 
applied to the surface of a concrete bridge deck, and pro
tected from the ac tion of traffic hy a wearing course. 

Pinhole a perforation in a membrane barel y visible tu the 
naked eye. 
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Protection board a layer of material placed between the 
membrane and the bituminuu~ surfacing to pr·event damage 
to the memh rane by construction traffic. 

Seepage drains- a tube or hole through the membrane and 
deck slab for the pu rpose of drain ing moisture from the 
surface of the membrane. 

Ventilating sheet-a pcnneablc. preformed sheet of mate ri al. 
applied between the membrane and the deck surface for the 
purpose of preventing blisters. 



APPENDIX A 

SURVEY OF CURRENT PRACTICE 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 
Project 20-s, Topic 25-09 

Waterproofing Membranes for Bridge Deck s 

Questionnaire 

Name of re$pondenL : ____________ _ 
Agency: ____________ _ 

Title: --------- ----P /Jone No.: -------------

NOTE : For the purpose of this survey, a membrane is defined as a continuous sheet 
of material, (either pre f ormed, cured from a liquid, or cool ed from a hot me l t), 
appl ied to a bridge deck surface, a nd protected from the act ion of t r affic hy a 
wear ing cour se. Concret e overlays, pol ymer overlays , and concrete seale r s are 
no t i ncluded. 

1 . USE 

Does y our agenc y use waterproofing me mbra ne s for: 

a) New Construction? b ) Rehabililalion? 

Yes D go to quest ions 2 to 10 Ye s D e,o to q u e!'.tions 2 to 10 

No D go to ques t ions 10 a nd 11 No D go to ques t ions 10 a nd 11 

2. PRODUCTS AND QUANTITY INSTALLED 

FOR THE TWO TABL ES WHICH FOLLOW ON PACE 2, PLEASE RESPOND BY KEEPING i) THROUGH 
i v) TN MTND: 

i ) Lis t me 1nbrancs (Product) used in : 
a) New Construction and b ) Rehabil i tat i on 

ii) G i ve c ommerc ial product names ( Commercial Names) of memb r anes whe r e 
possible. 

iii) Are any of these products c o ns idered exper i me n t al? (Pl eas e indicate Ye s or 
No) 

i v) Gi ve tota l area ins talled (broken down by produc t if available) i n 1992 
for : 

a) New construction and b) Rehabilitation 

NCIIRP Project 20 - 5, Topic 25 - 09 
Agency: _ __________ _ 

a) 

b) 

* 

New Construct i on 

Pr oduct Commercial Name Experimental? 1992* Area (sq . ft.) 

Total 

Rehabilitat i on 

Product Commercial Name Experimental? 1992* Area (sq.ft.) 

Total 

If 1992 data a r e not available for a) orb), please give the most recent 
data and indicate the year t he data is provided for . 

"' '"' 



NCHRP Project 20-5, Topic 25-09 
Agency: _ __________ _ 

v) Is the use of membranes: 

a) increasing □ 
b) decreasin g □ 
c) static □ 

3. SELECTION CRITERIA 

i) Do cri teria exist for when membr anes are used i nstead of anoLhcr method of 
corrosion p ro tect ion (such a s existing surfacine, corrosion potentials , deck 
co nditi on, ant i cipated life) in: 

a) New Construction? Yes 

b ) Rehabilitation? YP.s 

□ 
□ 

No □ 
No □ 

(If the answer to either of the above is Yes , please attach deta i ls) 

i i ) Are some produc ts used only in speci f ic situations (such as grade, braking 

f orces, speed of construct i on, anticipated life)? Yes D No □ 

(If the answer to the a bove i s Yes, p l ease attach de tatls) 

iii ) What are t h e anticipated se rvice lives of membrane systems i n: 

a) New Construction? 

Is t h e anticipated life based on actua l service ll fc? Yes D No □ 

If the ans•Jer to the above was NO, how was the anticipated l ife establish ed? 

b) Rehabi l itat ion? 

NCHRP Pro j ect 20-5, Topic 25-09 
Agency: ___________ _ 

Is t he anticipated life based on actual service life? Yes D No □ 

If the answer to t h e above was NO, how was the anticipated l ife established? 

4. DESI GN DETAILS 

Have standard des i gn detai l s been developed for: 

a) installing membranes? 

b) terminating edges? 

curbs? Yes D 
barrier walls? Yes D 
joints? Yes D 

Yes 

Yes 

No □ 
No □ 
No □ 

□ 
□ 

No □ 
No □ , If the answer to b) is Yes: 

( If the answe r to any of the above is Yes , please attac h detail s) 

~- DECK PREPARATION 

i. ) How are decks prepared pr i or to <.1pplyi ng membr,·=mes in: 

a) New Construction? 

b ) Rehabi l itat i on? 

i i .) How are the existing memb ran es r emoved ? 

°' ,.,,, 



NCHRP Project 20 -5 , Topi c 25-09 
Agency : _______ ____ _ 

i i i .) Is the contractor pe rmit ted t o l eave tie,htl y•adhering remnants of membrane 

i n place ? Yes D No □ 

If YES, how is thi s specified? 

iv.) Has removal been difficul t? Yes D No □ 

lf the answer to i v.) is YES, please explain: 

(Plea s e a t tach details, if necessary) 

6. ASSOCIATED PRODUCTS 

Are othe r products used i n conjunction with membranes? 

vent ing layers: Yes D No □ 
seepage drains: Yes D No □ 
pro tection board : Yes D No □ 
other; Yes D No □ 

(If the answer to any of the above is Yes , please a ttach deta ils) 

7. SPECIFICATIONS 

Are copies of the fo llowing specifications available: 

a) materi a l s pecificat i ons? Yes 

b) constructi on specifi cations? Yes 

□ 
□ 

No □ 
No □ 

(Please supply example specif i c a t i ons if t he answer is Yes t o e i t her of 
the above) 

NCHRP Project 20 - 5, Topic 25 - 09 
Agency: ___________ _ 

8. SURFACING 

\Jhat t h ickness a nd type of surfacing is used with membranes? 

( Plea se a ttach deta i ls, if necessary) 

9. TRAFFIC CONTROL AND LANE CLOSURES 

i.) Is traff i c maintained whi l e waterproofing a deck? Yes D No □ 

ii.) What limits are placed on t he con t racto r (e.g. time of l a ne closures)? 

ii i. ) \Jhat limits are placed on t he traffic (e.g. s peed)? 

10. PERFORMANCE 

Has your agency conducted f i eld s t udies or research on t he performance of 
membranes? 

Yes □ No □ 

Please s upply copies of report~ or t he name(s) of an indi vidual to contact 
r egard i ng t his work : 

Name __________ _ Phone No. ___________ _ 

Name ----------- PhonP. No . ___________ _ 

l 
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Agency: ___________ _ 

11 . REASON FOR NON USE 

Pl ease exp lain why your agency does not use membranes for bridge deck 
protection . I nc l ude details of unsuccessful experiences and reasons, if 
applicable. 

( Please inc lude any further explanat i on on an a ttached sheet ) 

****************************************************************************** 

Thank you for your assi stance! 

Please Respond To: 

Transportation Research Board 
Nat i onal Resea r ch Counc i l 
2101 Constitution Avenue, N.W. 
Wash ington , D. C. 20418 

ALtn: Sally D. Liff/Stephen F. Mahe r 
NCHRP Resear ch Syntheses 

If you have any ques tions, please call e i ther of the above on (800) 424-9818 or 
(202) 334 - 3242 . If you would like to submit your questionna ire response by 
facs i mile, pl ease do so on (202) 334-2527 . 

Ve would apprec iate your response by February 18 , 1994 

0-
v, 
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APPENDIX B 

SUMMARY OF RESPONSES TO SURVEY OF CURRENT PRACTICE 

The survey for this synthesis (Appendix A) was mai led in January 1994 to hig hway agencies in the United 
States and Canada to ascertain the current state of the practice of waterproofing bridge decks. Replies were received 
from 48 states, the District of Columbia, and six Canadian provinces. Responses are summarized in the table on the 
fo llowing pages. 

Y = Yes, N = No 

NEW CONSTRUCTION 

1 Area Insta lled 

2Deck Preparation 

REHABILITATION 

3Method of Removal 

4Restrictions 

FOOTNOTES IN TABLE 

Area installed in 1992, X 1,000 m2 

( except for Saskatchewan-1993 figures) 
"Connecticut and Ontario--lncludes area installed in rehabilitation (not included 
in tota ls for U.S. or Canada) 

A = air blasting, B = abrasive blasting, C = chemical so lvent, S = sweeping, 0 = 
contractor's option, L = levelling course, W = water blasting, G = grinding 

B = abrasive blasting, 0 = contractor's option, H 
P = planing or scraping, W = water blasting 

heat, M m elting, 

P = pi lot cars, S = speed of traffic, T = time of construction, V = varies with site 

NEW CONSTRUCTION AND/OR REHABILITATION 

5Type of Membrane 

6 Associated Products 

7 Approved Products 

8Trend in Use 

9 Reason for Non-Use 

P = preformed, H = hot applied, L = liquid, B = built-up system 

S = seepage drains, P = protection board, R = reinforcements, F = roofing felt 

Does the agency maintain a list of approved products? 

I = increasing, D = decreasing, S = static 

A = alternative corrosion protection system used, C = cost, D = deck protection 
not required, P = poor performance 
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Re,earch Council. 
which serves the National Academy of Sciences and the National /\cademy or Engineering. It 
evolved in 1974 from the Highway Research l::loard. which was e,tablished in 1920. The TRB 
incorporate, all former HRB activities and abo perfonm, add i1 innal function, under a broader ,cope 
involving a ll modes of tran,portat ion and the inlerael ion, of tran,portation with society. The Board ·s 
purpo,e i, 10 st imulate research concerning the nalllre and performance of transportation :,ystems. 
10 di sseminate information that the research produces. and 10 encourage the application or 
appropriate research findings. The Board's program is carried out by more than 270 commiuee,. 
task forces. and panels composed of more than '.l .'.l00 admini ,1ra1ors. engineer,. , ocial M.:ientisb, 
auorneys, educalors. and others concerned wi th transportation: they serve without compensation. 
The program is supported by state transportation and highway departments. the modal admin
istrations of the U.S. Department of Transportation. the A,,ociat ion of American Rail road,, 1hc 
National Highway Traffic Safety Admini , 1ra1 ion. and ol hcr organizations and indi vidua ls inte rested 
in 1he developmenl of lran,pnrtal inn. 

The Nat ional Academy of Sc iences is a pri vate. nonprofit. self-perpetuati ng soc iety of distin
guished scholars engaged in scientific and engineerin g research. dedicated to the rurtheram:e or 
sc ience and 1echnology and to th eir u,e for the genera l welfa re. Upon the authority of the charter 
granted lo ii hy the Congress in 1863. the Academy ha, a mandate that requ ires it to advise the 
federal government on scientific and technical matters. Dr. Bruce Alberts is president of the ational 
Academy or Sciences. 

The ati onal Academy of Engineering was e,tabli shed in 1964. under the charter of the ·a1ional 
Academy of Science,. as a para I lei organi Lation of out:,tanding engineers. It is autonomous in its 
admini , trat ion and in the selection of its members. ,haring with the National Academy of Sciences 
the responsibility for advi , ing the federal government. The National Academy of Engineerin g abo 
sponsors engi neering programs aimed at meeting nat ional need,. encourages education and re,earch. 
and recogni zes the superior achievement, nf engineer, . Dr. Harold Liebowitz is president or the 
Nalional AcaLlcmy 01· Engineering. 

The lnstilll te o f Medicine was establi shed in 1970 by the National Academy or Sc iences 10 
secure the services of eminent members of appropriate professions in the examination of policy 
matters pertaining to the health of the public. The Institute acts under lhc responsibi lity given to the 
Nationa l Academy of Sciences by its congre:,.:,.ional charter to be an adviser to the federal govern
ment and, upon it , own initiative. to identify issues or medical care. research. and educa1ion. 
Dr. Kenneth I. Shine is president or the Inst itute of Medicine. 

The "Jational Research Counc il was organized by the ational Academy of Science, in 19 16 10 
associate the broad community of science and technology with the Academy's purpose, of furt hering 
knowledge and advisi ng the federal govern ment. Function ing in accordance with general policies 
determ ined by 1he Academy, the Council has become the principal operating agency of both the 
National Academy or Sciences and the National Academy or Engineering in provid ing service, to 
the government. the pub lic. and the scientific and engineering communities . The Counci l is 
administered joint ly by both Academies and the ln, titute of Medicine. Dr. Bruce Alhcrl , and Dr. 
I larold Liebowitz are chairman and vice chairman . respective ly. of' the Nalional Rc:-.carch Council. 




