
., 
I 

I • 

I I 

• J 

• I 

· . 

'I 

I · .. 

- j~ 
J \ ._ ,.... 
..... 

REPORT'No. CDH-DTP-R-B3-11 

BRIDGE DECK 
EXPANSION DEVICES 

Herbert N. Swanson 
Colorado Department of Highways 
4201 East Arkansas Avenue 
Denver. Colorado 80222 

Interim Report 
September. 1983 

Prepared in cooperation with the 
U. S. Department of Transportation 
Federal HiQhwav Adminis~ration 



The contents of this ~epo~t ~eflect the 
views of the autho~s who a~e respon­
sible for the facts and the accuracy of 
the data presented herein. The con­
tents do not necessarily reflect the 
official views of the Colorado Depart­
ment of Highways or the Fede~al Highway 
Administration. This report does not 
constitute a standa~d, specification, 
or regulation . 



Technical Report Documentation Page 

1. Repo,t No. 2. Goyernment Acc,,~~ion No. 3. Recipient"s Cotolog No, 

CDH-DTP-R-83-11 
4. Title and Subtitle S. Report Date 

~p.D'tp.mhe~ 1 Q~ ~ 
Bridge Deck Expansion Devices 6. Performing Organi&otion Code 

1--:::--_,.-.,...,.. _________________________ .-,8. Performing O'gonizalion Repo.1 No. 

7. Autho(15) 

Herbert N Swanson 
9. Performing Orgoni zalion Nome and Address 

Colorado Department of Highways 
4201 E. Arkansas Ave. 
Denver, CO 80222 

CDH-DTP-R-83-11 
10. Work Unil No. (TRAIS) 

II. Cont,ocl a' Grant No. 

1587A 
13. Type of Repo,t and Period C;l)Ye,ed 

~~--------------~~----------------------------~ 12. Sponso,ing Agency Nome ond Add.ess 

Colorado Department of Highways 
4201 E. Arkansas Ave. Interim 

~~~~~~---~:-----------~ Denver, CO 80222 14. Sponso,ing Agency CoJ. 

1 S. Supplementary Notes 

Prepared in cooperation with the U.S. Department of Transportation, 
Federal Highway Administration. 

16. Abstract 

This report documents a study to evaluate promising bridge deck expansion 
joints with the intent to finding the most maintenance free and water-proof 
expansion devices for use in Colorado. The evaluation included inspections and 
measurements during construction and post constructions. The ability of 
a device to remain water tight is the most important quality used to determine 
the success of the device., Proper installation during construction is one of 
the most important factors which will ultimately determine the success of 
an expansion joint. Neoprene compression joint seals a~e recommended for 
future joints whenever possible. On flex joints have also been shown to 
perform well, however, further evaluations are req~ired before firm recommendations 
are made. 

17. Key Wo,ds 

Structure, Expansion 

19. Security Classil. (01 Ihis ,epo,t) 

Unclassified 
Form DOT F 1100.1 (8-72) 

18. Distribution Statemenl 

No restrictions. This document 
is available to the public through 
the National Technical Information 
Service, Springfield, Virginia 22161 

20. Security Clossi I. (01 thi s pogel 21. No. of Page. 22. P,ice 

Unclassified 17 

Reproduction of completed page authorized 



TABLE OP CONTENTS 

INTRODUCTlON . . • . . . . . . . • • . • • . . • • • . • • • • • • • • • • • 1 

INSTALl.ATION . . . . . . • . • • • • . . . • • • . . . . . • . . . . • • • . 4 

PBRFORKANC~ . . . . • . • • • . . . • . . . • . . . • . . . • . • • • • • . 13 

cos'rs . . . . • . , . • . . . . . . . . . . . • . . . • . . . . . . . . . . 16 

CONCLUSIONS AND RRCOKPIKNDATIONS • • . • • . • • • • • • . • . • • • • • • • 16 



INTRODUCTION 

This interim report documents a study which was initiated to evaluate 

various promising bridge deck expansion joints. The final report will be 

prepared and distributed after sufficient evaluations (at least three years on 

each device) are made. 

Expansion joints have been a major problem in bridge design, construction, 

and maintenance for many years. Numerous expansion devices used as standards 

in the past have proved insufficient because of their susceptibility to damage 

and failure due to snowplows, increased traffic loading, and intrusion of 

water debris through the joints. Many of these problems were the result of 

poor design or placement of the expansion device. In areas where deicing 

chemicals are used to prevent bridge and roadway icing, leakage through joints 

has caused serious structural damage to concrete bridge seats, piers, 

abutments, and steel support members. 

FHWA Notice N 5140.12 dated April 10, 1918 concerning the final report 

from the National Experimental and Evaluation Program (NEEP), Project Number 

11, gave guidelines for selecting bridge deck expansion devices on Federal-Aid 

Highways . Using this project as a guide, promising expansion devices were 

incorporated into the study. 

Six types of these devices were included in the original study proposal. 

The project has been expanded several times to include others as new project 

plans and devices were developed. 

Thirteen (13) different systems have been included in the study on 

twenty-one structures to seal 128 joints . Table A is a list of the expansion 

devices. The structure numbers, project numbers, and location where each was 

or will be placed. The dates submitted, approved for use by the FHWA, the 

construction date, the date awarded and the date completed are also included 

in Table A. 
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TABLE A 

EVALUATION OF BRIDGE DECK EXPANSION DEVICES March 16, 1983 

CATEGORY II STUDY 

Structure Project Date Date Bids Date 
EXEansion Device Number Number Location Submitted Ap,eroved Awards ComEleted 

Acme Strip Seal I-17-GU FCU 083-1(11) SH 115 to B Street 3/16/78 4/25/78 5/ 4/78 8/79 
Delastiflex F-12-AL I 70-2 (69) 1-70 at Corral Creek 3/ 6/78 . 4/25/78 5/11/78 9/79 
Delastiflex F-8-Q I 70-2(79) I 70 Dotsero to Gypsum 6/ 5/78 8/31/78 3/ 1/79 5/80 
Delastiflex F-8-R I 70-2(79) I 70 Dotsero to Gypsum 6/ 5/78 8/31/78 3/ 1/79 5/80 
ONFLEX 45 E-18-AM I 76-1 (53) I 76 Lochbuie 9/14/78 10/ 5/78 2/28/80 6/81 
ONFLEX 45 P-5-S FC 160-2(22) SH 160 South of Durango 9/14/78 10/ 5/78 11/16/78 10/79 
ONFLEX 45 & 25 E-16-KB I 76-1(56) I 76 Wadsworth to Marshal 10/24/78 12/ 8/78 9/ 6/79 8/80 
GEN STRIP 250 E-16-KC IR 76-1(61) I 76 Wadsworth to Marshal 5/22/79 7/12/79 9/ 6/79 9/81 
ONFLEX 25 (8) E-17-FX I 70-4(79) 46th Avenue Viaduct-WB 11/21/78 12/14/78 12/21/78 9/79 
ONFLEX 45(6) E-17-FV IR 70-4(73) 46th Avenue Viaduct-WB 11/21/78 12/14/78 12/21/78 9/79 
Compression Joint E-17-FU IR 70-4(73) 46th Avenue Viaduct-WB 11/21/78 12/14/78 12/21/78 9/79 

Seal (35) E-17-FW IR 70-4 (73) 46th Avenue Viaduct-WB 11/21/78 12/14/78 12/21/78 9/79 
FEL-PRO H-17-CQ I 25-2 (132) I 25 at Perry Park Road 3/16/79 5/ 1/79 9/13/79 8/80 

Compression Joint E-17-FX I 70-4l82) 46th Avenue Viaduct-EB 9/11/79 10/3/79 1/15/80 7/80 
Seal (37) IR 70-4(80) 

ONFLEX 45(4) E-17-FX IR 70-4(80) 46th Avenue Viaduct-EB 9/11/79 10/ 3/79 1/15/80 7/80 
WABOFLEX SR2A (2) E-17-FX IR 70-4 (80) 46th Avenue Viaduct-EB 9/11/79 10/ 3/79 1/15/80 7/80 
TRANSFLEX 400A (1) E-17-FV IR 70-4 (80) 46th Avenue Viaduct-EB 9/11/79 10/ 3/79 1/15/80 7/80 
TRANSFLEX 250 (3) E-17-FV IR 70-4 (80) 46th Avenue Viaduct-EB 9/11/79 10/ 3/79 1/15/80 7/80 

E-17-FW IR 70-4 (80) 46th Avenue Viaduct-EB 9/11/79 10/ 3/79 1/15/80 7/80 
E-17-FX IR 70-4(80) 46th Avenue Viaduct-EB 9/11/79 10/ 3/79 1/15/80 7/80 

GEN STRIP 250 E-18-AO I 76-1(53) SH 7 to Hudson 9/20/79 10/ 3/79 3/20/80 
WABO ALU-STRIP D-18-BN I 76-1(55) I 76 - SH 7 to Hudson 10/15/79 10/25/79 12/18/80 9/81 

TYPE IV S400 
ACME TR 300 E-17-MD CC12-1642-02 56th Avenue at Sand Creek 3/11/80 3/25/80 8/28/80 7/81 
EVAZOTE 50 87-01 

(Grade-PO 72 D-16-CW TOFCU 157-1(1) 47th St. Pky. over 9/25/80 10/16/80 7/ 1/82 11/82 
Gray) Boulder Cr. 

ELASrOMERIC F-16-JX BRF 040-4(9) Colfax Viaduct 1/14/83 2/11/83 
Concrete End Dam 

ELASTOMERIC E-17-1I IR 270-6(13) I 270 E.B. over Brighton & 3/16/83 
CONCRETE END DAMS E-17-IC & IR 270-6(14) York St. over I 270 3/16/83 

and ELASTOMERIC 
STRIP SEAL 



The objectives of the study is to evaluate various types of bridge deck 

expansion devices with the intent of finding the most maintenance free and 

waterproof bridge expansion device for use in Colorado. 

The evaluation procedures included inspections and measurements during 

construction and at least twice a yeat' for a minimum of three years. Wear or 

damage to the expansion device is often sufficient criteria to determine 

failure. The ability of an expansion device to remain water tight is the most 

import qu'ality used to determine the success of the device. The underside of 

these expansion joints was inspected at least once a year during inclement 

weather to detect any leaks . 

This i nterim report covers the expansion devices listed in Table B which 

have been evaluated for three years or more. This list of expansion devices 

will be removed from the list in Table A and the remaining list will continue 

to be evaluated under this experimental project. occasional inspections of 

the devices in Table B are planned at state expense as a general follow up . 



The installation of expansion joints is probably the most critical factor 

in long term successful performance. The measurements and layout for forming 

and pr.eparation of the expansion joints site are very important to facilitate 

ease of installation, to provide proper expansion -- contraction dimensions and 

to provide a recessed profile which ultimately protects the device from 

traffic and snow removal equipment. Project engineers and inspectors should 

see thal the delails in plans are followed closely and be very critical aboul 

expansion joints since lhey are a key elemenl in the longevily of lhe 

s trucluf." e. 

D~;I.AST L "'LKX AT DOTS~;~O 

The four Delastiflex joints placed on two structures near Dolscro were 

exceptionally good installations. The joints were placed and covered with a 

1/8" fiber board prior to the paving of the final riding surfaces of the deck 

and approaches. Thi s fiber board was worn off by traffic and gave good 

clearance for the enlire joint. 
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Photo til 
Delasliflex joint 
al Dotsero 

The aluminum frame 
had been inslalled. 



DELASTIFLEX AT CORRAL CREEK 

Phot.o 112 

1-70 Over Corral 
Creek 

Delastiflex 
Expansion Devi~e 
with Neoprene 
Inst.alled, 

WEnd struct.ur.-e 
F-12-AL 

The insLallation of t.he delasi:.lflex expansion joint. on 1-- iO over Corral 

Creek was accomplished without any pt'oblems, The finished appt'oach, joint 

and s truct.ure were allan an even gt'ade and had a good appear.-ance, 

~lil3lifleJl CP 300e Ilhul "o.,~ __ 
; A6tJf. 110,5 

"A' 

Diagram A 

I 1'-"'''' (/vp.) 

t,"I.'-· IIncho, HII,(AST!1·A307) . 
----+---+-~~.dll'liu"., plllf.d. _I 'ON~ ,11~"141t!: 

(!(;- "'t:. (fJp) 



ACME STRIP SI':AL 

Photo 3 

Acme strip Seal 

1-l7-GU SH 83, 115 
to B Street, 
Colorado Spring s 

Rubber ext.rusion 
being inslalled 
using screwdriver, 
sleel bar and 
special lool. 

There was some form s l ippage wh en the deck was poured on I-ll-GU in 

Colorado Springs. 

The "A" Jimensions were wit.hin t.olerances, but workmen had some difficulty 

inslalling the membrane. The final product. was okay and looked good. 

~ .5f,,"p Se.1 AS4()(J .af Rbllt AID.II flS]DO III 11M tlo, 7..r 
iJ-" ___ s I/;Q.~ IIb .. l. ','0.: ; fJ"*3.' 'lbtJt. " e. 7 

~. 

r . .. ,. 
: ' I 

Diagram B 
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~mlJl/"('-!l~!~"It!""i: t'JI 1In,f,"" 
./lJ;~'" S"4 I. 

~ Vs,.it's 

Diagram C 

* V"",~, 

This general diagram is used for Fel-Pro, Onflex, Waboflex, and Transflex 

expansion joints . Dimensions are specified for each joint and each type of 

device on an individual basis. 
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FEL PRO 

Photo " 

Workmen installing 

Fel Pro at 1--25 

over Perry Park 

Road, 

The placement of Ji'el-· Pro was completed wi th no major problems, The 

expansion joint was completed at or very near the finished grade and appeared 

to be okay at the completion of the project, 
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TRANS ~·I.fo:X 

Phot.o 5 

Tr:ansflf!X tlOOA Oil 

l - /OViaducl. 

Phol.o 6 

Trans flex 7. 50 on 
1-10 Viaduct 

Both sizes of Transflex looked good just after installation, howeve[', t.he 

surface was flushed wilh lhe finished grade. 
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WABm'LI<:X 
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Photo 7 

Waboflex SEllA on 
1- 70 vi aduct. 

This joint was also 
finished al t.he 
same grade as the 
finished roadway. 
Installation wenl 
we1l and t.he joinl 
looked okay. 

PhoLo 8 

Onflex was placed 
on several joints 
on the 46th Avenue 
Viaduct. 

Special Y joint.s 
were conslructed to 
accommodate 
adjoining 
struclures at ramps 
and railroad 
overpasses . 



ONlt'L":X 

~----~------~.~ 

Diagram D 
Onnex 

~ B 

The cenler of the aluminum was damaged by equipment during the 

installation of Onrlex 45 at Durango, There was also a variation of 3/16" in 

Lhe 'A' dimension across the length of Lhe joint. There has been no 

subsequent damage and thi s is not believed Lo be the cause of subsequent leaks. 
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Photo 9 

Aluminum damaged on 
this Onnex 
expansion joint 
devi ce at Durango. 



NEOPR~NE COMPRESSION JOINT SEAL 

Photo 10 

1-70 Viaduct. WB 
Experimental Joint 
#39 

Neoprene 
Compression joint 
seal. A metal 
channel and bolts 
are used to 
maintain the proper 
"A" dimension. 

An epoxy glue serves as a lubricant while the neoprene sealer is forced 

into pl~ce. The contractor encountered no problems with most of these joints 

on the 46th Avenue Viaduct. The metal angle iron parts were installed too 

close together on three joints and a special order for smaller neoprene strips 
was made. 

______ ....:*Uv'Qa0.rl~e5~ ______ _:_..!:.A~~---.....::4l::....!...t2~rl=-es~----_tL..._z.. cut I,ne :ufJit'le,'~"'" [ 
'1 i /'-0' 

v ! "'0' 

• I 
,~I . 

1'"" 

I 
t-+-
i I 

I, ~ ~4' v~nt ,10les ~ 
I ! I ' 

l ' 4* (1M ) uncompressed compr~sslon, Jf. ~al 
70 I , 
-'- ' ---'" L 7)(4 x1z l' B tiJfTli70iJ5 

i . i ~ Bar 7i • i ,,( 10 @ /Z i -1L1~ I ;. 1~ '" 
i ' , ! , , ' _ _ ' 

--:;:;~~ .' '., . 

- .. ~ 

.... ·ClJt /;ne 
. ! 

Diagram E 
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PERFORMANCE 

This report deals only with those expansion devices which have been in 

place for three years or more. Table 8 is a list of these devices, their 

locations, cost per lineal foot, leaks, and damage. The major factor in 

determining the failure of an expansion device is whether it leaks or not. 

Special efforts were made to inspect the joints during a rainy period to 

determine leaks. Compression joint seals, which are a standard for 

comparison, show only a 4~ failure of 72 joints on the 46th Avenue Viaduct. 

Of the various types of expansion devices installed statewide, fifty-eight 

percent (58~) of the Onflex joints have failed and 50~ of both Waboflex and 

Transflex have failed by this criterion. 80th Acme Strip seal joints on one 

structure have not leaked. The one Fel-Pro joint has been worn by traffic and 

snow removal equipment. There are several serious leaks in this joint. 

Delastiflex was used on three structures, one of which shows severe damage and 

leaks for 335 failure rate. The placement of Delastiflex on the two 

structures at Dotsero were exceptionally good leading to the positive 

results. A major observation is that most expansion joints can work 

effectively if they are properly installed. 

Joint installations placed near the same grade as the finished roadway are 

subject to damage by traffic and snow removal equipment. Heavy traffic 

volumes, especially when a large percent of the vehicles are using studded 

snow tires or chains, soon wear the pavement surface to or below the level of 

the expansion joints. Hoderate to heavy damage has been observed in such 

instances. Severe damage can be expected in high snowfall areas where plows 

and blades pass over the joints many times a day for more than 150 days a 

year. This extreme equipment use, high traffic volume, and adverse 

environment combine to produce the harshest test for any structural component 

of a highway. 
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TABLE B 

EVALUATION OF BRIDGE DECK EXPANSION DEVICES 

CATEGORY II STUDY 

Cost Per Damage 
Expansion Device Joints Location Lin. Ft. Leaks Const. Snow Plow 

Acme Strip Seal ( 2) SH 115 to B Street $123 No No 

De1astif1~x 2) 1-70 at Corral Creek $ 83 Yes Yes Severe 

De1astiflex 2) 1-70 Dotsero to Gypsum $ 88 No Light 

De1astiflex 2) 1-70 Dotsero to Gypsum $ 88 No No 

Onflex 45 ( 2) SH 160 So. of Durango $173 Yes Yes No 

F'EL-PRO ( 1) 1-25 at Perry Park Rd. $200 Yes Moderate 

Compression Joint ( 72) 46th Avenue Viaduct $100 4'Z. Heavy 

Seal 

Onflex 25 ( 8) 46th Avenue Viaduct $200 75'l. Light 

Onflex 45 (10) 46th Avenue Viaduct $200 40'Z. Light 

WABO(o'LEX SR2A ( 2) 46th Avenue Viaduct $220 50'1. Heavy 

TRANS FLEX ( 1) 46th Avenue Viaduct $220 0 No 

TRANS FLEX 250 3) 46th Avenue Viaduct $220 66" Moderate 

The 10ngitivity and wear of all these experimental joints can be 

correlated to installation and high traffic volume and snow removal 

equipment. Most of the joints evaluated in this report have only been in 

service for three to four years, yet many have failed. More care and 

attention to details during installation would save a considerable amount of 

repair rehabilitation or replacement which is sometimes necessary long before 

the expected service life on many structures. 
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Sand and Debris 

Photo #2, snowplow damage to the aluminum rail of an Onflex 45 joint 

number 8 on the westbound 46th Avenue Viaduct. This joint now has major leaks 

during wet weather. 

The sand and debris is typical in all recessed parts of all of the 

experimental expansion joints. 
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It can easily be seen on Table B that Delastiflex and compression joint 

seal are the least costly and they have also provided the most successful 

expansion joints of those on this list. The costs were taken from bid tabs 

which include the materials, labor and other expences for the joints in place 

on the job. 

CONCLUSION AND RECOMMENDATIONS 

The most important factor which will ultimately determine the success of 

an expansion joint is proper installation during construction. All 

measurements have shown that attachments and anchors are vary important in the 

final alignment and position of the expansion joint. A finished joint which 

is recessed liS" to 114" and has good approach protection will most likely not 

be damaged by traffic or snow removal equipment. Rigid inspection during 

installation is essential. Host expansion joints can work effectively if they 

are installed properly, however, the results of this study, which includes 

only those expansion joints on the experimental list (Table B) indicates that 

compression joint seals, acme strips seal, Onflex, and Delastiflex have 

performed the best. 

None of the devices in table B can be classified as acceptable or 

unacceptable at this time because the cause of failures have not been 

conclusively proven to be related to installation, snow plow, traffic or 

simply the failure of the device. CDOH will continue to use compression joint 

seals where the movements are less than 2" and continuous strip seals such as 

onflex and acme where movements are less than 4". Even though they don't have 

a good performance record, Waboflex and Transflex will be used when movements 

are between 4" and 13" because they are the only products on the market that 

can be used for these large movements. 
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Most of the expansion joints on the 46th Avenue Viaduct are not located 

over abutment$ or piers, therefore, water and leaking minerals cause very 

little structural damage to these members. 

Four other expansion joints Gen slrip, Wabo-Alu Strip, Acme TR300 and 

Evazole are slill under evalualion. Two additional installations of Onflex as 

well as elaslomeric concrete end dams and slrip seals are also slill under 

evaluation. A final reporl will documenl the results on these items and make 

furlher recommendations. Each experimenlal expansion joint must be evaluated 

for at leasl lhree years. Some of lhe experimental features listed on Table A 

have not yet been inslalled, therefore, a fillal report will not be written 

before the summer of 1987. 
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