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ABSTRACT 

’ As a result  of several years of research which culminated i n  the 

construction of two experimental bridges, i t  now becomes possible t o  

present engineers w i t h  procedures for the design and construction o f  

adequately sealed joints.  

solution until present on-going research can be completed. 

These procedures are offered as an interim 

The paper suggests armored jo in t  construction sealed with preformed 

elastomeric sealers as the most advantageous solution t o  the problem 

of sealing joints in bridges. 

. -  . . .  .I . . . .  .: . . . .  . .  
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PREFORMED ELASTOHERIC B R I D G E  JOINT SEALERS 

INTERIM GUIDE FOR DESIGN AND CONSTRUCTION OF JOINTS 

by 

George S. Kozlov 

. NEGI JERSEY DEPARTCTENT OF TRANSPORTATION 

Division of .  Research and Evaluation 

I 

1 * INTRODUCTION 

1 In 1965 the New Jersey Department of Transportation init iated a 

The 
I 

research study dealing with Preformed Sealers for Bridge Decks. 
i 
I i n i t i a l  accomplishments of this study were presented i n  three previous 

papers (1,2,3). 

"the striking fac t  is the lack of an adequate solution t o  this  problem" 

In the f i r s t  o f  these ar t ic les  i t  was stated t h a t  
I 

I (sealing of jo in t s  i n  bridges). In this  and the subsequent papers 

a succession o f  solutions was offered covering the design of sealers 

and joints, the application of the design, as well as the thermal 

characteristics of b r i d g e  end movements.. Since t h a t  time two structures . 

have been bui l t  uti l izing experimentally these suggested design and 

construction procedures. 
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On two bridges of the New Jersey s t a t e  route system (Bridges #1 

and d5, Route #29, Section 12b-lla),  a l l  j o i n t s  were redesigned and 

constructed as recomended by the research. 

construction was u t i l i zed  for expansion and fixed j o i n t s  respectively. 

Armored and sawed j o i n t  

Basically, the resul ts  of this experiment shall  be the subject 

of this paper. 

THE EXPERIMENT 

The subject experiment was developed .and executed u t i l i z ing  as 

a basis the techniques outlined i n  the f i r s t  two papers (1,2). The . 

specif ic  procedures used are sumnarized i n  the attached Appendices 

, "6" and I IC" which describe, respectively, the design of the s e a l e r ,  IIAII 

the design of the j o i n t  armor, and construction procedures of an 

armored j o i n t .  The sawed j o i n t  procedure i s  omitted because i t  proved 

ineffectual and i t ' s  implementation i s  not going t o  be recommended. 

. As part  o f  the experiment the sealkr material was evaluated i n  accordance 

w i t h  l a t e s t  New Jersey Department of T r a n s p o r t a t i o n  Preformed Sealer 

specifications,  which were also discussed i n  the second paper 

the .chapters on Water ia i  Specification" and i n  the Appendix. 

Unfortunately, there were deviations i n  design and espec 

I 

( 2 )  under 

a l l y  i n  

execution of construction from t h a t  recomended by Research, e i t h e r  by 

mutual agreement b u t  mostly due t o  circumstances beyond the control of 

the wri ter ,  who i.s the principal researcher f o r  this study. The actual 
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design and the  construction of joints and installation of sealers was 

performed as i s  usually pract iced by the New Jersey State Department 

o f  Transportation, - i  ,e. ,for the design t o  be accomplished by consultants. 

The resul t  was t h a t  the joint  armament was designed by a consultant, 

I who,  for  example, specified much too excessive an anchor spacing, 

18 inches, and supplied supplemental construction drawings w i t h  even 

less information on them t h a n  the instructional plans originally offered I 

I by research. The construction was, on the other'hand, quite often 
I 

performed in complete disregard t o  these supplemental drawings. 
I 
I Due t o  t h e  persistent insistence o f  the'research observers, the 

anchorage was supplemented by welding every available reinforcement bar  

to. the jo in t ' s  armor, while the obvious construction errors were remedied 

one way' or another. Regrettably, some construction deviations , such as 

i n  the forming and sawing of j o i n t s ,  could n o t  be remedied, thus jeopardizing 

to  some degree the eff0rt.s. 

mentioned here in order t o  substantiate the conclusions and recommendations 

t h a t  follow. 

These were the basic observations which a r e  

The two experimental bridges have now been open t o  t r a f f i c  f o r  almost 

one fu l l  year. 

these bridges f o r  the purpose of detecting jo in t  leakage. 

and analysis o f  this t e s t  are provided in Appendix 'ID". 

In the Sprihg of this year a Dye Test was performed on 
, The description 

CONCLUSIONS 
1 

The principal conclusion of this experiment, from the point of view 

I 
\ 

of the researcher, i s  t h a t  the basic design and  i t s  application i s  a 

success. The behavior of joints ,  sealers, e tc . ,  even the malfunctioning 

j 

i 

of them i s  as anticipated. 
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I t  i s  time that  some of us recognize and  a l l  of -us admi t  the 

r e a l i t i e s .  of j o i n t  design and construction. There i s  NO MATERIAL AND 

NO METHOD OF ITS APPLICATION THAT WILL BE ABLE TO SUCCEED UNLESS IT 

CAN OVERCOi4E TOTALLY INADEQUATE QUALITY CONTROLS IN CONSTRUCTION. 

For t h i s  reason alone the formed and sawed j o i n t  methods of construction 

must f a i l .  

and construction i s  placed into the hands of spec ia l i s t s ,  no fur ther  

advancement i n  this f i e l d  can be expected and w i t h o u t  adequate construction 

supervision even t h i s  will  n o t  succeed. The  additional conclusions and 

design recoikendation t h a t  follow are  believed t o  re f lec t  t o  the utmost 

the acquired knowledge and the recognition of the existing r e a l i t i e s  i n  

In f a c t ,  i n  the o p i n i o n  of the wri ter ,  unless joint-sealing 

. .  . - .  

the design and construction f i e l d s ,  

Specifically,  these are the conclusions derived from the study o f  

the two experimental bridges: 

1. 

. . 2 .  

3.  

To date the sawed and ancored j o i n t s  on both subject bridges . 

do n o t  leak. 

The experimental design approach in i t ia ted  on these bridges 

has proved i t s  merit. 

2.1 Main sealers are placed o u t  t o  out i n  a s t r a i g h t  deck j o i n t .  

- 2 . 2  Sidewalk sealers are placed also o u t  t o  ou t ,  i . e . ,  bottom 

of curb t o  outside w i t h  only one vertical  shallow bent 

(60') a t  the curb. 

Briefly,  basic design principles are: 

For de ta i l s  see Figures B2 t h r o u g h  B5. 

Sawed joints  are functioning well because, i n  s p i t e  of the rather  

poor  quali ty of construction, they are "fixed jo in ts"  i n  which the 

advantages o f  design developed by Research are  c lear ly  manifested. 

To remedy the resul ts  o f  poor sawed jo in ts  construction the 

sealers in some o f  them'rnight be replaced. To t h i s  and any 
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I other similar e f f o r t  the following word of caution i s  offered: 

When sealers in fixed j o i n t s  (sawed) are replaced, as they I ! 

i 
m i g h t  and should be i n  a t  l eas t  Bridge 81, care must be taken 

not t o  jeopardize the functional efficiency of the replacement 

sealers.  

cleaned and adequately repaired and prepared. 

After the sealer  i s  removed, joints must be thoroughly 
r 

Imedi a te ly  

$ 
thereaf ter  a proper s ize  continuous sealer  shou ld  be instal led 1 

i n  accordance with the or iginal ly  established procedures. 

Sufficiently prior t o  ins ta l la t ion ,  sealers must be. tested and 

approved by the Department's Material Division laboratory. 

the contractor i s  n o t  adequately supervised, one can be sure of 

gross violations on  every step. 

The armored type of j o i n t  design i s  the most advantageous of 

existing solutions t o  the j o i n t  design problem. 

I f  
I 

I 

4.  
I 
l 

\ 
I 

RECOMMENDATIONS 

Based on the preceding conclusions summarized above, i t  is only logical i 
1 

t o  suggest the following ac t i  ons : 
I 
I 1. Adoption of bridge j o i n t  design approach as outlined i n  the New 

Jersey State Report %29 and l a t e r  published i n  H R R  $200 & #287 1 
and once more summarized i n  Appendix " A " .  

bridges, design and development of joints  was fashioned i n  

accordance with suggestions made i n  the report and papers. 

Adoption of the design and construction procedures f o r  j o i n t  

I n  both experimental 

2.  

armor as originally suggested by the researcher. 

see Appendix "6" and "C". 

For cl ari f i  cation please . 
For  further i l l u s t r a t i o n  of armored j o i n t  
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d e t a i l s  design. and development, llaldemar Koester's book ( 4 )  - 

is  reconmended . 
For bridges w i t h  spans larger  t h a n  indicated e i ther  i n  Table A1 

or PL2 i n  Appendix "A" experimental instal  1 ation of "rnodul a r  

3 .  

1 sealing-system" advocated by S. C. Glatson (5)  - should be attempted. 

. I t s  design approach i s  similar t o  the one suggested above. 

4. Concerning the design of j o i n t  amor some additions t o  the above I 
suggestions are  fur ther  offered. 

the best guidelines f o r  design o f  armor are provided i n  the 

"Technical I4emorandum (Bri dges) No. BE6" by A. D. H o l l  a n d  , 

In the opinion o f  the writer 

Deputy Chief-Engi neer, Bridges, Engineering Division, Ministry 

of Transport, England ( 6 ) ,  - w i t h  following clar i f icat ions by 

,F.lr. L .  G .  Deuce, Assistant Chief Engineer, in behalf of tdr. 

Holland: 

4 .1  Pegarding Clause 7e, the use of anchor bars was n o t  

generally recommended because (from the Survey of 

Expansion J o i n t s . i n  the U K  mentioned in EE6) such 

d e t a i l s  d i d  n o t  appear t o  be altogether sat isfactory 

and principally because they are  d i f f i c u l t  t o  repair  

. 

when they do  prove t o  be faul ty .  However, soundly 

constructed joints  designed i n  accordance w i t h  the 

instructions given i n  Clause 7e should be sat isfactory 

and i t  i s  not proposed t o  repeat the f i r s t  sentence 

of this sub-clause i n  the revised edit ion of the Memo, 

i 
I 
i 

1 
4 .2  In Clause 7d "Base plates with h o l d i n g  down bol t s" ,  

the word "base" i s  being d r o p p e d  and  i t  was n o t  intended 

t o  1 imi t the application o f  the rules from applying t o  
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the turned down angle type of armouring. 

p a r t i c u l a r  connotation where addi t ional  surface p la tes  

a r e  bolted t o  anchored base p l a t e s .  

I t  has a 
' 

4 . 3  With  regard t o  the loads t o  be used i n  the design of the 

armor Mr. Deuce f u r t h e r  wr i tes  - t h e  ve r t i ca l  loading i s  

taken d i r e c t l y  from BS 153(7) and has not so f a r  been 

subs tan t ia ted  by actual loading measurements on j o i n t s .  

The horizontal  loading was recomended as a r e s u l t  of 

-7- 

5. 

the Survey of Expansion Jo in t s .  

(p lease  see. a l s o  the note following Clause 7d i i i ) .  

In the  U.S.A. the re  seems t o  be no spec i f i ca t ion  ava i lab le  t h a t  

is d i r e c t l y  involved i n  the design of Armored Jo in t s .  For this 

reason t o  f i l l  a t  l e a s t  an in te r im need, the w r i t e r  has adopted 

the existing AASHO spec i f i ca t ion  @) f o r  t h i s  purpose, as shown 

i n  the  Appendix "D". 

Future Research' - Dynamic Load Tests  f o r  Armored Bridge J o i n t s :  

Although various types of armored j o i n t s  a r e  of fe red ,  t h e i r  

design is of ten  questionable from s t r u c t u r a l  as  well as 

funct ional  points  of view. 

Considering the  s t ruc tu ra l  aspec t  of the  design of an armored 

j o i n t  t he re  a re  bas i ca l ly  two problems which may lead t o  e i t h e r  

s t r u c t u r a l  f a i l u r e  o r ,  on the o ther  hand, gross over-design. 

The f i r s t  problem i s  t h a t  of determining accurate  load d i s t r i b -  

ut ion f a c t o r s  and dynamic load and impact f ac to r s .  

problem i s  i n  the actual  s t r e s s  ana lys i s  of the  s t r u c t u r a l l y  

indeterminate armored j o i n t .  

The second 

One approach t o  these d e s i g n  problems is  t h a t  of designing and 

bui lding an armored j o i n t  based 'on existing techniques and 
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knowledge, ,nstrumenting the structure for  s t r e s s  (strain) 

and load determination, and r u n n i n g  l i v e  load t e s t s  on the 

j o i n t .  

strain gages and electronic pressure' transducers and dynamic 

response recording equipment such as visual, mu1 t i - t race  

i 

- 

T h i s  may be accomplished v i a  the use of e lec t r ic  

oscilloscopes. In general, i n  order t o  get a detailed picture 

of l o a d s  and strains, electronic strain gages Nould be placed 

i n  areas of anticipated maximum s t r a i n s  on anchorage members 

of the armored j o i n t  and perhaps pressure ce l l s  coufd be . .  

placed on the under-side of the armor. 

The instrumentation would take in a t  l e a s t  3 fee t  of j o i n t  

i n  order to include the e f fec t  o f  dis t r ibut ion.  Live load  

t e s t s  may consist  o f  a heavily loaded t r u c k  of knokin wheel 

loads passing over the j o i n t  a t  various speeds u n t i l  the 
'. 

worst (reasonable) case i s  encountered; o r ,  they may simply 

consist of "typical" highway t r a f f i c  a f t e r  the j o i n t  i s  

. opened t o  t r a f f i c .  

The s t r a i n  gage resul ts  would be used to  determine maximum 

stresses  i n  the members of the armored j o i n t .  

would be used to  determine "effective" l o a d  areas or load 

dis t r ibut ion factors:  

On the basis o f  data,  i t  i s  believed enough infomation could 

The load c e l l s  

be gathered no t  o'nly t o  identify the  design method b u t  also 

more importantly, the loads and  t h e i r  dis t r ibut ion.  
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. I t  could evolve i n t o  a rather expensive research, b u t  t o  the 

extent as planned here i t  need n o t  be. Anyhow, th i s  research, 

i f  successful, could pay f o r  i t s e l f  many, many times over. 

I t  must.be realized t h a t  this i s  an integral part of current 

research e f for t s  to  develop properly seaied bridge j o i n t s ;  

. i n  view of th i s ,  the cost benefits of th i s  particular branch 

o f  research may obviously be quite substantial on a long-term 

basis. 

materi a1 ize  these t e s t s  are 1 acki ng. 

However, a t  t h i s  time the funds  and opportunity t o  . .  , - .  

SIGNIFICANCE OF FINDINGS AND G E N E R A L  CONCLUSIVE COMMENTS 

This experimental construction includes only two bridges each h a v i n g  

only one simple s p a n ,  ye t  f a r  reaching conclusions and broad recommendations 

have been made i n  th i s  paper. 

instal la t ions culminate several years of research e f f o r t  i n  t h i s  f i e l d .  

The recommendations made here are presented only as guide l ines  for  which, 

i n  the absence of any other similar data, the need i s  great. 

This i s  possible because these experimental 

As already 

indicated, these are offered as an inter.im solution until  more 

s c i e n t i f i c  factual i nfonat ion becomes avai 1 able. 
- 
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APPENDIX "A" 

DESIGN PROCEDURE FOR SEALERS 

.The design procedure described here accomplishes., basically,  two 

purposes. I t  establishes the s ize  o f  sealer t o  be used i n  a j o i n t ,  and 

i t  determines a t  what  w i d t h  the jo in t  must be constructed i n  order t o  

insure the effectiveness o f  the sealer.  

must s e t  forth ahead o f  time the capabili t ies o f  the sealer  i n  terms of 

To u t i l i z e  these procedures one 

$1 , 1' YaVgti., and Each o f  the parameters three parameters - l1Xmax 

i s  the r a t i o  of the sealers  w i d t h  of a certain level o f  compression t o  

i t s  original preformed width 'lWnl', m u l t i p l i e d  by 700. 

value of the ra t io  a t  the maximum permitted compression of the sealer.  

"Zmin" i s  the 

"YaVg" i s  the desired value of the r a t i o  a t  the time of sealer  ins ta l la t ion .  

"Xmaxll i s  the value o f  the r a t i o  a t  the minimum permitted compression o f  

the sealer  (enough compression t o  prevent leakage between sealer and j o i n t  

face).  

"Size Selection of Neoprene Compression Joint  Seals," 

\ 

. These ra t ios  or l imits  are adapted from the D u P o n t  publication 
' 

I t  i s  necessary t o  mention t h a t  f o r  now the l imi t s  "Xmaxl', " Y a v g " ,  

and "fnint' are empirical values based on experience. 

-sealers presently available i t  would appear t h a t  'lXrnax1' can be no more then 

For the type of 

80%, "Z,,,i,,'' should be 40% t o  50%, and therefore l'Yavgl' should be approximately 

n t  

60%. 

The design essent ia l ly  consists of establishing froin Figure A1 the 

maxirnm expansion and contraction movements t o  be experienced a t  the j o  

f o r  expected differences between ins ta l l  a t ion ,  deck temperature and subs q uen t 

deck temperatures. Using these movements and applying the "Xmax'l, " Y a V g  ' I ,  and 

' '& in"  values t o  an  estimated sealer  s i z e ,  the construction wid th  o f  the j o i n t  
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is  then determined through a t r i a l  and e r r o r  process. 

To i l l u s t r a t e  the  appl icat ion o f  char t s  F i g .  A1 and A2, and t o  show here- 

a f t e r  the  method used i n  s i z ing  sea l e r s  and j o i n t s ,  a solut ion f o r  a bridge with 

a span L - 60 f t .  follows. 

For the  S ta t e  of New Jersey  a concrete temperature range of 0" t o  100°F 

is  assumed as being r e a l i s t i c .  

construct ion temperatures of 30°F t o  90°F i s  se lec ted  with required limits on 

e f f i c i ency  coe f f i c i en t s  taken as:  

The wide range o f  s e a l e r  i n s t a l l a t i o n  and 

#,in = 540% a t  m i n i m u m  w i d t h  of j o i n t  (Wjmin) and 100°F, 

Yavg = 260% a t  i n s t a l l a t i o n  w i d t h  of j o i n t  ( W j i n s t )  and i n s t a l l a t i o n  

temperature from 30°F t o  90°F. 

&ax = 570% a t  maximum w i d t h  of j o i n t  ( W j  

Step 1 .  For u t i l i z i n g  c h a r t ,  F i g .  A l ,  we consider f i r s t  t h a t  the maximum 

) and 0°F. * 
m ax 

d i f fe rences  between the  extreme temperatures of concrete and o f  i n s t a l  l a t i on  

a re  A t  = 70°F (100" - 30") and A t  = 90°F(900-00)~n this basis we can read 

off  the  cha r t  t h a t  A 2 0.28 i n .  f o r  expansion and 0.36 i n .  f o r  contract ion.  

Step.  2. (See Tables A3 and A4) by estimating the  s e a l e r  s i z e  $1, = 2.5 i n .  

and u t i l i z i n g  the l i m i t s  Z = 0.4 Wn and X = 0.7 Wn we f i n d  from cha r t 'F ig .  A2 

t h a t :  W j = 1.0 i n . ,  and W j  = 1.75 i n .  
m i  n max 

.'jmax - 'jmin - -  - 0.75 = 0.375 i n  > 0.36:in. (max. j o i n t  movement). 
2 2 

T h u s ,  the  j o i n t  construction w i d t h  should be: 

= 1-3/8" w i t h  Y i n s t a l  = 0.56PIn 
'J cons t r .  
The w i d t h  of j o i n t  (Wj 

where the s e a l e r  i s  located.  , 

(Approximate place f o r  F i g s .  A1 and *A2 and Tables A3 and A4) 

) i s  measured a t  the upper port ion o f  the j o i n t  cons t r  . 

* Note: An "X,ax".Of 70% i s  advisable i n  case o f  f o n e d  j o i n t  construct ion.  

. -  - .  .. ,- .. .. , I ...,. . . .  , . 
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AP P EI I D I X " B I'  

I 

C O N S T R U C T I O M  PKOCEDURE FOP, A4140RED JOItlTS 

The concept of this method i s  t h a t  the whole system (armor plates w i t h  

straps and seats welded t o  them, sealer  properly precompressed between the 

plates and the supporting elements, such as  clamps and  attached bolts)  is  

preassembled and then placed i n t o  the j o i n t  before the concrete i s  poured. 

There are  many ways of d o i n g  the above. The procedure used should 

sa t i s fy  the design requirements on the one hand, and on the other,  i t  must 

give the f u l l e s t  possible consideration t o  the de facto construction practices.  

On this basis,  the best approach would be t o  have t h e  elements of the 

system preassembled to the f u l l e s t  practicable degree, delivered t o  the con- 

struction s i t e  and there the assembly completed. 

so as t o  leave the necessary 'recess k:i t h  deck reinforcement properly extended 

The deck s h o u l d  be poured 

into i t .  After the concrete i s  s e t ,  the assembly can be placed i n t o  the 

recess, properly located, and the w i d t h  of the j o i n t  between the armor plates  

adjusted i n  accordance with the design requirements; then the bar-straps 

should be welded t o  the main deck reinforcement. The recess should be f i l l e d  

t o  the level "A" w i t h  optimum-packed-up concrete o f  good quali ty.  After the 

co?crete i n  the recess i s  s e t ,  the supporting elements should be removed and 

the surfacing of the deck a t  the. j o i n t  carefully completed. 

This procedure, : v i t h  a l i t t l e  care in construction, should give a s a t i s -  

factor i ly  sealed j o i n t .  

The armored deck jo in ts  should be continuous th roughou t  the f u l l  w i d t h  

of the deck, and ternination should be accomplished as shown i n  Figs. B2 

t h r o u g h  B5. 

' 

I t  is  obvious t h a t  the armor i s  u t i l i zed  for  a dual purpose: 

to amor the jo in ts  where necessary, and to form the best sealed j o i n t  possible. 

. . . . I  . .  . . ~ ~ .  -... ... , _ j .  , . . . . .  . .  . . ,. . . . . - .  . 
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:The seal-groove i n  the sidewalk should also be armored i n  the 

same manner, w i t h  the curb and outside ends instal led as shown i n  

Figures B 1  t h r o u g h  85, b u t  a stay-in-place anchor seat  could be added 

i n  the curb end a t  the bottom outside face of the armor shapes. 
I 

All s teel  o f  the armor network should be painted. 

i t  i s  recommended tha t  the armor be of ASTM A-242 s tee l .  The s table  

rust character is t ics  of th i s  material will serve advantageously i n  

In addition l 

, 
I 

those areas where paint i s  l ikely t o  deter iorate  rapidly with t r a f f i c .  

Standard lubricant-adhesive shall  be applied on bo th  sides of 

the sealer  when located i n  the armor. 

(Approximate place for  Figures B1 through B5) 

-14- 
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L 

Y\ I 

3 It x I ;''ANCHOR 
4" 

For design purposes only, assme t h a t  
concrete above line L-K gives no support 
t o  angle. 

. 

I" 

LOADS - 
For reference please see AASHb, 1969 . (1) ' 

paragraph 1.2.5 (HS 20-44) : 

Concentrated Loads ( f o r  shear) : 

Wheel load (for horizontal shear}: 

.- - 

26.0 kips 

16.0 kips 
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paragreph 1.2.12(C) lapact  fraction: 30% 
Friction factor for hor izonta l  load:  0.75 . 

paragraph I .3.2(H) Cantilever Slabs: 
bwnt per foot of s l a b  

Case B: E 
= %; E 
0.35 X + 3.2; 

I v  

-I@ 

I n  absence of definite guidelines I am exercising my judgment  in making . reasonably severe assumptions. This i s  w h a t  W .  Koester said about i t  in 
h i s  previously referred bcot :  

"The severity o f  the forces acting on the edges of  the joint  increases w i t h  
the gap width. 
s t r i p  which must be so rigid and so closely anchored t h a t  i t  forms an 
Indissoluble ccinposite structure w i t h  the bridge deck. 
this  is t h a t  the steel  components should be securely joined t o  the  concrete 
a t  a l l  contact surfaces." 

This necessitates the provision o f  a steel  edge-protectfon 

The prerequisite f o r  
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ALT. I 

__ 

- 

ALT. 2 

- .- - . . . .. . . . .. . . . - __ _. .. . - -4 8- 

' WELDING STRESSES 

See Wanual of Design f o r  ARC Welded Steel 
St ruc tu res "  . A i r  Reduction, N.Y.  (2) 

_ .  
t -  . 7 THEREFORE: 

fy =- = 1.17 3-5 

0.2 2 If= v' (1 3.85 - I .  I3f ) 2+ , I-7 2 
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ALTERNATE 1 ANCHORS e? \~."o.c. 
0.707xfxDx21= C 

FOR L = Z - O i n .  EACH SIDE : 

f B E A R "  18.79 9.0 =k-QS K/,n2 >f A L L .  

- 25.0 - 
f3H - 2 - 12.5K/,,Z 
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FOR n - 3  0% 4 1 n  O.C. : 

I 
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Headers 

Before concludfng this ramorzndm, I feel i t  is imperative that problems 
and design associated w i t h  headars should be a t  least  aired hwe. 

Failure of headers i s  not G X G X ~ I  and has been pwsonnaly observed. 
I believe t h a t  causes for  their  f a i l u r e   re as follwis: 

1. 

2. 

3. 

Loading, such BS indicated i n  amar design. 

Inadequate preparation of the backfi 11. 

Concrete approach slabs directly supported by headers. 

For the second problem, obviously I can suggest only one remedy - 
irqroveient o f  qua1 i ty control i n  cons t w c t i  on. 

' DESIGN (stiggested approach): 

V Again as before: 
Concentrated loads: 26.0 kips 

H W h e l  loads for horizontal shear: 
16.0 kips 't- 

Impact fraction: 30% 

Friction factor for t i r e  
against  concrete: 1.0 I: 

f 
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. .  I 
I CANTILEVER S L A B S  
i 

LOAD DISTRIBLIVION. r .  
E = 0.35 X 1.5 +3.2  = 3.725 FT. 

MOMENT A ~ x x r r  PLANE "A-6'' 

I 

I 6 e 0  x h  +ps x - k . 
3.725 3 3  

x -  b - +  33.a 
M= 3.725 2 

+0.15 x 1.5% f.0 ; . . 
33.8 " = 3.725 

I 
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!Although the s t resses  i n  vicinity of point "A" which s h a l l  be 

due t o  moving loads, are  somewhat smaller, i t  i s  suggested t o  use the 

same reinforcement on both sides of a header. 

A few words a b o u t  approach slabs seem warranted before concluding 

this analysis. 

especially i f  a r i g i d  slab i s  supported on one end e l a s t i c a l l y  and on 

The problem of approach slabs is a very complex one, 

another end off a ver t ica l ly  r i g i d  b u t  horizontally flimsy s u p p o r t ,  

such as a header would be. 

In such a case the effect .  on a header would be ver t ica l ly  an 

eccentrically located s t a t i c  load and a d i s t i n c t l y  possible substantial 

horizontal s t a t i c  force,  and o f  course dynamic reactions in addition t o  

those a1 ready discussed . 
In this paper I shal-I n o t  further discuss the problem of approach 

slabs nor suggest remedies since the prime purpose o f  this work is  the 

sealing o f  jo in ts .  

which i s  not permitted t o  function a5 designed cannot be sealed. 

a perfect solution of the j o i n t  sealing problem shall  be useless i f  a 

Howwer, i t  must be said t h a t  obviously a j o i n t  

Even 

. header fa i lure ,  from whatever cause, d isa l lows  proper functioning o f  

the jo in t .  

In the experimental bridges approach slabs were removed, b u t  a1 so 

grossly inadequate preparation o f  the backfill had t o  be combated. 

In conclusion i t  should be stated t h a t  obviously the design and 

construction of armor anchorage and headers is a very serious problem 

which t o  date apparently is being sometimes taken too l igh t ly .  

above offered suggestions shou ld  serve t o  a i r  the related problems and 

perhaps help t o  a l lev ia te  them. 

The 
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. APPENDIX I ' D "  

I 

! DYE TESTS ON BRIDGES ;i"l & #5 O F  ROUTE 829 

I 
, On March 16, 1970, dye t e s t s  were perfomed on the two experimental 

bridges of Route 29,  designated as Bridges $1 and 85. The purpose of the 

t e s t s  i s  to  study the sealing performance of bridge j o i n t  sealing techniques. 

Specifically,  v a r i o u s  colors of dye are used t o  locate the o r i g i n  and  

determine the cause o f  leaks i n  bridge j o i n t  sealers .  

may be traced by observation of the i r  destination. 

completeness of these i n i t i a l  t e s t s  which were performed during a day of 

c lear ,  d r y ,  freezing weather, observation o f  the bridge joints and abutments 

In a d d i t i o n ,  the dyes 

In order t o  add  t o  the 

I 

I 

was repeated on March 18 d u r i n g  l i g h t  rain and  s l e e t .  Additional dye was 

also poured on  March 18. 
I 
1 

For the purpose of c la r i f ica t ion ,  schematic diagrams of  each  bridge,^ 

F igs .  C1 and C2,  together with explanatory notes follow. 

NOTES FOR BRIDGE g7 
(FIG. C 1 )  ' . 

1 . 
2 .  

Blue dye was poured o n  the safety vial k sealer ;  no leaks were observed. 

Pink dye was poured on the main sealer  i n  the gut ter  area. The dye 

~ 

accumulated and ran along the gut ter .  

the sealer  or t h r o u g h  the junction o f  the main s'ealer and the walkway sealer .  

No leaks were observed e i ther  down through 

3. 

sealer .  I t  i s  

recomnended t h a t  a large amount of dye be poured i n  this hole dur ing  the next 

Blue dye was poured direct ly  i n t o  a hole i n  the t o p  surface of the 

The dye was not observed t o  have traveled t o  any other p o i n t .  

dye t e s t s  i n  order t o  deternine i t s  f inal  destination. 
I 

4 .  Yellow dye was poured on most of the length o f  the j o i n t  sealer .  No 

i leaks were observed. The dye simply flowed to  the gut ter  o f  the bridge. 
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5. Blue dye was poured on the walkway sea l e r  and on the main s ea l e r  i n  

the  gu t t e r  area; no leaks were observed. 

6. Blue dye was poured on the walkway sea le r  and o n  the main s ea l e r  i n  

the gu t t e r  area;  no leaks were observed. 

were 

tha t  

7 .  

obs,erved. 

the junction of the main sea l e r  and the walkway sea l e r  i s ,  t o  date ,  sealed.  

Raroon dye was poured on the main s ea l e r  i n  the gu t t e r  area;  no leaks 

The dye did n o t  run of f  the end of the R a i n  s ea l e r ,  showing 

(Approximate place f o r  Fig. C1) 

1. Blue dye was poured on 

dye was observed t o  have leaked 

the gut te r .  

NOTES FOR B R I D G E  $5 
.(FIG. C2) 

the s e a l e r  i n  the gu t t e r  area.  

t h r o u g h  the j o i n t ;  the excess dye flowed down 

Elone o.f this 

2. 

safety walk. 

Maroon dye was poured on the sea l e r s  i n  the gu t t e r  area and i n  the 
'. 

This dye d i d  not seep down t h r o u g h  e i t h e r  the main j o i n t  s ea l e r  

o r  the sa fe ty  walk s e a l e r .  

sea le r  and the walkway sea l e r  t o  the outer  end of the main sea l e r  and then down 

Excess dye flowed th rough  the  junction o f  the  main 

the abutment. 

3. Maroon dye was poured on the main sea l e r  i n  

the safe ty  walk sea l e r .  A small t race  o f  dye leaked 

s e i l  e r ;  the rernai nder accumul ated i n  the  gu t t e r  ., 

the  gu t t e r  area and on 

down t h r o u g h  the  wal kway 

4. Blue dye was poured where indicated o n  the s e a l e r  of the divider ,  on 

the walkway sea l e r ,  and on the main s ea l e r  i n  the gu t t e r  area.  

observed a t  the junction of the divider  s ea l e r  and the walkway sea l e r .  

One leak was 

5. Yellow dye was poured along the  length of  the sea l e r  indicated.  The 

dye was observed t o  f l o w  t o  the hole a t  the junction o f  the divider  s ea l e r s ,  

through which i t  proceeded downward t o  'the bridge substructures .  
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! 6. Red dye was poured where indicated on the sea le r  of  the divider ,  on . 

the Eridge i 4  walkway sea l e r  and on the h o t  poured main j o i n t  s ea l e r  o f  

Bridge g4. 

locate  the  leak on the topside of the bridge. I t  was determined tha t  this 

leak does n o t  contribute t o ,  or in t e r f e re  with the o t h w  leaks i n  the area 

(notes 4 and 5 ) .  

’ Only on2 small leak was observed; i t  was n o t  possible t o  accurately 
I 

I 

I 

(Approximate place for  F i g .  C2) 
I 

. .. .. 
. . , - .  

*’ 
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JOINT SEALER EFFICIENCY CHART 

FIG. A2 



Table A . 3  
Guide to the design o f  sea l e r s  

Temperature Range: 0" to  100°F 
Construction temperature: 30" t o  90°F 
Ins t a l l a t ion  Temperature: 30" t o  90°F 
Degrees o f  Efficiency: Z 

I 

1 
i 

m i  n = 2 0.50 Wn 
'average = 2 0.60 t o  0.65 W 
%ax = t 0.80 Wn n 

Limits Q1 00°F A @  '230" t o  90°F A @  @ 0°F 1 
- w -  w Z At=70" W Y At=9O0 w . x  of Span 

rnax. min. j j n j 
1 

0.875 0.58 0.00 0.00 0.875 0.58 

0.695 0.46 0.18 . 0.24 . 1.115 0.74 

0.24 1.365 0.78 0.945 0.54 0.18 

0.27 1.395 0.80 ' 0.915 0.52 0.21 

1.04 . 0.52 0.21 . 0.27 1.52 0.76 

1 .oo 0.50 0.25 0.33 1.58 0.79 

1.25 0.50 0.25 0.33 1.83 0.73 

. 1;38 0.47 0.32 0.42 1.92 0.77 

7/ 8" 0.58' 7 - .  up t o  44' ' 1 1 1/2" 

40' t o  45' ' 1 ,/,I' 1 1/8" 0.64 

I 2 It 1 1/4" 0.625 ' 45 '  t o  55 '  
1 

1 1/2" 0.60 55'  t o  70' 2 1/2" 

1 

I 0.52 ~ 0.32 0.42 2.295 0.765 
70' t o  90' 1 7/8" 0.625 

1.555 

1.455 0.485. 0.42 0.53 2.405 0.80 

2.08 0.52 0.42 0.53 3.03 0.76 

3 It 

- _ _  i _ _ _  

, 
c 

2 1/2" . 0.625 90' t o  126' 
1 1.95 0.49 0.55 0.71 3.21 0.80 

4 It 

1 0.515 0.55 0.71 3.835 0.77 2.575 

2.435 0.49 0.69 0.89 4.015 0.80 

0.77 3.06 0.51 0.69 0.89 4.64 

! 2.92 0.49 0.83 1.07 4.82 

3 1/8" 0.625 120' to 153 j 5"* 

3 3/4" . 0.625 150' t o  lZq 6'4* 

, 0.80 

NOTE: A l l  the above temperatures a re  thosp o f  the concrete. Since these temperatures 
I 

I 

i 

cannot readi ly  be measured, the da i ly  average temperature o f  the  a i r  w i t h  a 
tolerance o f  +5 t o  +lO°F would be presently acceptable. 
* Because of the lack of experience w i t h  these two l a r g e s t  sizes,  i t  is  prc- 
fe rab le  not t o  use the s e a l e r  wid ths  W, = 5" and 6" u n t i l  f u r the r  data are 
avai lable .  
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. -- G U I  DE TO THE DES I GI\I -0E-SEJLERS 
T e m p e r a t u r e  Range: O O t o  100°F 
C o n s t r u c t i o n  T e m p e r a t u r e :  30' t o  90°F 
I n s t a l l a t i o n  T e m p e r a t u r e :  30' t o  90°F 
Degrees o f  E f f i c i e n c y :  = 0.40  W,+ ' m i  n 

' a v e r a g e  = 0.60  W n +  
= 0 . 8 0  W n +  Xmax 

Limits 
o f  Spar!  

. @ l O O ° F  A @  @30° t o  90'F A@ @ O°F 
Y At=gO W j  X 

max. '5 Z A t = 7 0  
W "  ' j m i  n .  

0 .875  0 . 5 8  0 .0  0 . 0  0 . 8 7 5  0 . 5 8  u p  t o  
1 l%" . 7 / 8 "  0 .58  

0.621 0 .41  0 .254  0 .327  1.202 0 .80  5 5 . 0 '  

0.746 0 . 4 3  0 .254  0.327 1 .327  0 . 7 5  5 5 . 0 '  t o  

0.700 0 .40  0.300 0 .356  1 .386  0 .79  65  ' 
1 I' 0.57 3 1 r'' 

0.825 0 . 4 1  0 .300  0.386 1 .511  0 .76  6 5 . 0 '  t o  
2 I' 1 - 1 / 8 "  0.56 

0 .778  0 .39  0.347 . 0 . 4 4 6  1.571 0.79 7 5 '  

1 .153  a 0 . 4 6  0 .347  0 .446  1 .946  0 .78  7 5 '  t o  

. 1 .084  0 . 4 3  0 .416  0 .535  2 .035  0 .81  90 ' 
,$I' 1 %'' 0.60  

1 . 3 3 4  0 . 4 4  0.416 0 .535  2 .285  0 .76  9 0 '  t o  

1 .242 0.41 0 . 5 0 8  . 0.653 . 2.403 0 .80  1 1 0 '  
3 'I 1 - 3 / 4 "  0 . 5 8  

1 .867  0.47 0 . 5 0 8  0 .653  3 . 0 2 8  0 .75  1 1 0 '  t o  

1 .682  0 . 4 2  0 ; 6 9 3  0.891 3 .266  0.81 1 5 0 '  
4 '' 2 - 3 1 8 '  " 0 . 5 9  

2.182 0 . 4 4  0 . 6 9 3  0 .891  3 .766  0 . 7 5  150 ' .  t o  

1 .951  0 .39  0 .924  1 .188  4 .063  0.81 200 ' 
5 1' * 2 - 7 / 8 "  0 .57 

2 .576  0 .42  0 . 9 2 4  1 . 1 8 8  4 .688  0 . 7 8  2 0 0 '  t o  
6 I' *. 3%'' 0 . 5 8  

. 2.484 0 .41  1 . 0 1 6  1 . 3 0 7  4 .807  0 . 8 0  220 ' 

N O T E :  A l l  t he  above  t e m p e r a t u r e s  a r e  t h o s e  o f  t h e  c o n c r e t e .  S i n c e  t h e s e  
t e m p e r a t u r e s  c a n n o t  r e a d i l y  be m e a s u r e d ,  t h e  d a i l y  a x e r a g e  
t e m p e r a t u r e  o f  t h e  a f r  w i t h  a t o l e r a n c e  o f  + 5  t o  +10 F would be 
p r e s e n t l y  a c c e p t a b l e .  

Because  of  t h e  l a c k  of  e x p e r i e n c ' e  w i t h  t h e s e  two l a r g e s t  s i z e s ,  
i t  is p r e f e r a b l e  n o t  t o  use t h e  s e a l e r  w i d t h s  G I n  = 5 "  and 6 "  u n t i l  
f u r t h e r  d a t a  a r e  a v a i l a b l e .  



Schematic Diagram of Bridge * I ,  RP.29 
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Schematic Diagram of Bridge 5, Rt. 29 
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