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Preface
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policies of the Federal Highway Administration or‘the Texas Highway
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Abstract

Seventyfthree»pan—formed'bridges; principaliy iocéted1within  
Texas Highway Depéftment District 17? wére surveyed‘to‘determihé,ﬁ
tﬁe prevaleﬁée ofvdebfié in the jbints‘betwéén a&jacénﬁAspanévahd
' tp»detect visibie manifeStationé éf‘distress:aésbciated wifh the g
acdumpiation éf this debris. H

A méjorit& of all joints contained debris, but distress was
found to occut at the fixed joints ﬁore than ten times as fréquently
as at the expansion joints.

The high-pressure water-jet technique fbr cleaning joints appears
to be more thoroﬁgh in removing debris from the Wider expansion joints.
than from the narrow fixed joints. Accordingly; alternative éorrective
measures applicable ﬁo the fixed joints in existing:bridges.are being

~ considered.

KEY WORDS: Pan-formed bridges, Fixed joints, Debris, Joint-cleaning.




Summary

. Damage and»distress in multi-span, pan—formed;bridggs,‘attributable
to_thefaccumulétion of debris in the joints, were fgﬁnd}toﬂoccur principally
aﬁfthe fixed joints, which are joints formed by twéladjpining_spané both‘
doweled to the same pier cap. Remedial measures to minimize further
distress in existing structures, including a1high—pressure,waterrjet

cleaning technique, are éontinuing to be investigated.,

Implementation Statement

The survey cénducted in this study has revealed that damage and
distress in multi-span, pan-formed bridges occur'predominan;ly‘at the
support where relative. longitudinal movement betweén the beam and the‘
pier cap is prevented, 1l.e., where two spans are doweled to one pier
cap, thus forming a "fixed joint." Remedial measures for minimizing~further‘
distréss are currently under investigation in this study. These measures

have not yet progressed to the state of full implementation. .
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1. Introduction

Deterioration of concrete at expansion joints in pavements éﬁd
bridge decks frequently occurs when damaging pfessure is developed in
the adjacent concrete by expansion of the slabs in excess of the com-
pressibility of the material in the joint; In cold weather, when slab
contractions open joints, absent or inadeduate seals allow entry of
incompressible debris into the joints., With repeated expansion and
contraction, theée joints accumulate so much debris thét damaging

. pressures finally develop.
This study, "Improved Methods for Cleaning Joints in Concrete

Bridge Decks,'" was initiated because highway maintenance personnel have
a need for a practical and effective technique for removing accumulated
debris from existing joints. Such an improved technique Was‘thought to
be particularly needed for the maintenance of pan—forméd bridges which
have very dgep and narréw joints. |
This is an interim report which describes the results from a survey
of seventy-three pan-formed bridges which was made to locate bridge ex-
pansion joints in need of cleaning. Such joints were sought in order to
apply the techniques being developed in the course of this study. At the
time it was made, this survey was not considered to be a major portion of
the research effort; it was merely an effort to locate, for experimentation,

suitable bridges convenient to the research headquarters. However, the

findings of the survey are believed to be significant enough to justify

this report. In fact,'thé authors believe that the findings point out




a major problem facing the Téxas Highway Department in the maintenance

of pan-formed bridges.




2.‘vSurvgyfResu1ts‘

Seventy-three multiple—spanai pan-formed bridges Wereiexamined'tov
locate expansion joints suitable for cleaning eiperimentation, All
but two of the bridges were located in the Te#as Highway Department
ABryanVDistriC£.b The two exceptions were located in the adjacent Houston
District. In addition to noting the amount of debris in joiﬁts, asso-
clated distress was noted for evaluatingbpriority iﬁ the head,fqr-cieaning,
Also, other facts pertinént to joint cleaning were neeordéd, subh as the
depth from ﬁhe_deck sunfaée to the top of the pier cap.and the.width of the
’Ajoint;at.tﬁe'déck.surface as well as at the~pier cap.v>Typical*briﬂge=joint,
survey data aheetssare.contained in Appendix A.
0f the 382 joints between adjacent spans which were investigatgd, 302
were fouﬁd to have accumulated-appregiable amounts of debris due.to the
absence of‘anyvjoint seal or because of deterioration of the séaling
material,k Table I shows the distribution of the debris with.respeét to
the ,?yp‘e of joint. |

TABLE I: Debris Versus Type of Joint

" Number " Number Total o
"Witheut Debris  .With Debris Number % With Debris =
Fixed Joints 12 147 159 : 98.8
Expansion Joints 68 | 155 223 69.5
Total 80 | 302 . 382 . 79.0

It appeats that the absence of seals at the fixed joints favors

accumulation of debris there. Typically, the fixed joints are Opgn-about,




1/4 inch wide at the top and closed at the bottom. The wedge shaped éavity
thus formed préVides a space for the debris to accumulate. See Figure lf

The expansion joints were found, typically, to;bé about 3/4 inch wide
and to contain a fiberboard filler beneath an aéphaltié’seal, as shown in
Figure 2, 1In most cases, as seen in Figﬁre 3, these seals had failed to
preveﬁt entry of debris, The high-pressure water-jet technidue, which
is under investigation in this study, appears well adapted to removal of
debris, filler and deteriorated seal material from these expansion joints.
kFof the narrower, tapered fixed joints, however, it appears that only the
near-surface debris can be removed by this technique.

Indications of serious distress, such as cracked diaphragms or cracked
pier caps, as shown in Figure 4, were seen in 26 of the 73 structﬁres.
Table II shows the distribution of the damage with respect to the type of

joint at which it was observed to occur.

TABLE II: Distress Versus Type of Joint

Number Number Total %
Without Distress With Distress Number Distressed
Fixed Joints 106 53 159 33,3
Expansion Joints ' 217 6 223 2.7
Total 1323 59 382 15,4

From this Table, it is seen that the frequency of damage at fixed joints
is more than ten times that at expansion joints.,
In some of the structures surveyed, alternate spans were doweled to the

pier cap at both ends, while the remaining spans were doweled only at one

end. This pinning arrangement is shown in Appendix Figure B-1. Among

| 4
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are generally open about
closed at the bottom,
o the pier cap -

Fixed joints in pan-formed bridges
1/4 inch at the top and completely
Typically, adjacent spans are both doweled t
at these joints, : :
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Figure 2: Expansion joints in pan-formed bridges are generally
3/4 inch wide and contain a fiberboard filler. Typically,
only one of the adjacent spans is doweled to the pier cap. .




Figure 3: Ineffective joint seals in pan-formed bridges

. often allow the accumulation of incompressible
debris.




Figure 4: Distress at joints in pan-formed bridges results
from damaging expansion pressures. The top photograph
shows a ruptured diaphragm and the lower a ruptured
pier cap.




such structures, when spalling 6f'thg face 6f,the pief:cap was1préséﬁt,

‘it tended to ocCﬁr‘predominantly on those pier‘céps te which two spans

are pinned. AlSo, it usually occurred on the side of thé pier cap tdWaid- k

the span whiéh.is pinned at both ends, rather than on thé side tqéard

the span whose opposite end is free. One possible eiplanation of this -

selectivity is fresante& in Appendik B.

In view of the finding that most Aamage occurs at fixed joints; it

is apparent that measurés are needed to reliéve or pfevent distress at

tﬁese joints. ‘Sihce typical fixed joints are opeﬁ ohly abouf 1/4 5=

of an inch wide at the top and completely closed at the Bottom (24-261 |
inches deep), removal of the debris is.difficult;‘ There appear to be
three possible remedial measures: (a) ' removing as mudh debris as possible
from the accessible portion of the joint and providing a seal whicﬁ:will |
‘prevent further entry of debris, (b) cutting one set of,aowél ﬁinéASO,

that each span is pinned enly at One-énd,’and (c) widening the fiXed,jbinté
by cutting a slot in the concrete to the bottom.éfnthe‘jaiht betwéeﬁ”adjaéent

slabs.




3.  Possible Remedial Measures for Fixed Joints

This section contains a discugsion of three ppssible‘remediéii
measures to relieve or pfevent‘distress at fixed‘joints;

(a) Deﬁris Removal and Sealing

The high—pressﬁre water-jet technique, a joint cleaning method

being examined in this stﬁdy, is_current1y being uéed experimentally by
maintenance personnel of several Texas Highway Department diStricts; See
Figures 5 and 6. From the'results to date, this technique appears highly
effective for removing debris, filler and deteriorated seal materials
from expansion joints. However, some pebbles are so firmly wedged in
the joints fhat they can be removed only by breaking them into pieces.
The water-jet is not able to do that. The narrow width and wedge shape
of fixed joints geverely limit the effectiveness of the water-jet. It
is not possible in practice to remove all debris from such joints by the
high-pressure water-jet technique. Even though it will not completely
clean the nafrow wedge joints, it may remove enough debris to relieve
the joint and possibiy prevent serious distress. Accordingly,.its ef-
fectiveness for this purpose will be explored further.

In conjunction with debris removal, a practical method will be
required for preparing the cleaned fixed joints to receive a seal. kThis
agpect of the problem will be considered concurrently with further work

on joint cleaning.

10




Figure 5: High-pressure water-jet being used to clean
debris from joint. The jet "gun' has been
mounted on a cart to facilitate operations.

Figure 6: Trailer-mounted high-pressure pump used
with the water-jet gun.

11




b. Cutfing Dowel Pins

Binding at fixed joints can be relieved to some_extent by cutting
the dowels which join the beams to ihe~pier cép;J Severai~met55ds aﬁpear
féasible'f6r cutting‘these dowels under'apprOPfiaté‘conaiéion8¢.lwhen the
deck can be,jacked up to expose part of the pins, a conventibnal'cutting
torch could ﬁe used to sever them. Without ja;king up thé dégk,fa
horizontallcifcular diamond saw or the Oxygen-ifOn, ¢oﬁcfété£meltiﬁg’torch
could be ugéd. See Figure 7. With either of theSe'iatter ﬁéthods, it is
recognized that a certain amount of concrete will bevcutbaWay or damaged
in the process of getting to the pins. However;‘it is believed that'thé
loss of concrete would be acceptably small and that a satisfaéggg;‘pro_
cedure might 5e developed along these lines.

c. Joint Widening

Three techniéues for cutting concrete byAsawiqg ha&e beenAfound
ﬁhich appear applicable to widening the narrow fixed joiﬁté.A Theée
techniques use the>Ditch Witch (or the similar Vermeer) tracgor—mounped
device shown in Figure 8, the wire saw, and the circular diamond saw. The
toothea wheels of the tfactor—mounted devices cutian undeéirably wide
, (4—inch) s1ot and their teeth are subject to rapid.weatfi

A wire-sawing technique, as used commgrcialiy in granite quarrying
and in finish cutting of stone, has been considered. Bésed upon prelimiﬁary ’
estimates, it appears that a major effort would be necessary to adapt the
wire-sawing method to widening bridge deck joints and wouid result in é

cumbersome mechanism. See Figure 9. While such a device appears to have

12




Figure 7: Oxygen-iron torch melting a hole
through concrete.

Figure 8: "Ditch-Witch" tractor mounted concrete
cutting saw.
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Figure 9: Conceptual sketch of wire-saw device

for use on bridge decks.
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tﬁe basic. capability and certéiﬁ a&vantages, its size and complexity
would make it a;very'COstlj developmentvwhich may not be warranted at this
time. | |

An alternative whicﬁ(appears to. be more attractive for the first
attempt at joint widening is provided by thevcircular.diahond saw which
is also widely used in the bﬁilding stone industry; For bridge slotting

~operations at. depths: up to 32 inchés; a saw appro#imately 76 inches in
diameter (a2 commonly available size) would be required. An.84ﬁinch;Size
is,aléo available. Such blades have been;attached‘in place of the
toothed wheels normally used on the Ditch Witch or Vermeer tractors.

A water supply for cooling the diamond saw must thén be added.

The cuttiﬁg rate is dependent upon the type of concrete, but it is
estimated that a typical bridge jdint might be cut in .about two hours by
this method. The cost of a 3/8 inch wide, 76—inch diameter blade is approx-
1mately $1,8b0 and itsiexpected_life is sufficient to slot about fifty
joints. Accordingly, the ciréular'diamond saw is considered to offer the
best promise for bridgékjoint widening.

The debris femoval,and joint sealiﬁg teéhnique,aﬁpeafs to offer the
least expensive approach for.relieving and preventing distress at fixed
jqints. Accordingly, every effort will be made to achieve a satisfactory

solution in this category before proceeding to examine the mqre,costly

pin-cutting and joint-widening techniques.




4, Conclusions

Widespread deterioration of'séal materials at expansion joints
in pan-formed bridges is permitting most of these joints to become
filled with debris. The high»pressure water—jet joint cleaning methdd |
currently being investigated in this study may prove to be ample for
cleaning such joinf&. ,

The absence of seals at the fixed joints, in combination with the
tendency of these joints to open about 1/4 inch at the deck surface,
makes them particularly prone to accumulate debris. Damage ﬁas observed
"in the surveyed bridges mdre than ten times asvfrgquently at these joints
than'at expansion joints. It does not appear likely that cleaning
only the expansion'joints would appreciably diminish the distress at
the fixed joints. |

Although Texas Highway Department design changes have'substantially
eliminated fixed joints in new pan-formed bridge construCtion, the findings
of this limited survey indicate that approximately 42% of thé joints in
existing pan-formed bridges are of the fixed type. A very high incidence
df distress (about 337%) was found in this type of joint. Without some
type of treatment like the remedial measures currently under investigation
in this study, the incidence of distress in these joints can be expected

to increase and cause sévere future maintenance problems.
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Appendix A

This appendix contains copies of two data sheets typical of
those used in recording the field survey data. These examples have

‘been copied, using a typewriter, to improve their legibility.
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APPENDIX A

TYPICAL BRIDGE JOINT SURVEY DATA

Cont. Str. Span No. of Feature

County Highway & Sec. No. ~Length  Spans Integsegged ,\ }
Brazos SH 30  212-03 13 30" 18 Navasota River Relief #2

Distance from deck to pler cap:

Type of Joints

o 4 - ] 9l o o 4 o] - 4 = o
s IR N Bt B:< A B 1 .- 5 IS M
1 2 3 5 6 7 8 9 10 11 12 13. 14 15 16 17

Condition Survey Data:
' ‘Joint 1 width 1/4 inch at surface, O at bottom - Full of debris, no seal

2 width 1/4 inch at surface, 0 at b?ttom - Full +«of debris, no'seé]
width 1 inch at surface, 1/2 at bottom - Full of debris, no seal
width 1/4 inch at surface, 0 at bottom - Full of debris, no seal
width 1/4 inch at surface, 0 at bottom - Full of debris;~no seal -

3

4

5

6 width 3/4 inch at surface,1/2 at bottom - Full of debris, no sea}

7 width 1/4 inch at surface, O at bottom - Full of debris, no seai :

8 width 1/4 inch at surface, O at bottom - Full of debris, no seal .

9 width 1 inch at surface, 1/2 at bottom - Full of debris,;no seal

" 10 width 1/4 inch at surface, - 0 at bottom - Full 6f débris, no seal

11 width 1/4 inch at surfaée; 0 at bottom - Full of debris, no éeal

12 width 1 inch at surface, 1/2 at bottom - Full of debris, seal deteriorated
13 width 1/4 inch at surface, 0 at bottom - Full of debris, no seal '
14 width 1/4 inch at surface, 0 at bottom - Full of debris, no seal
15 width 1 inch at surface, 1/2 at bottom - Full of debris, seal deteriorated
16 width 1/4 inch at surface, 0 at bottom.- Full of debris, no seal

17 width 1/4 inch at surface, O at bottom - Full of debris, no seal

Notes: Spalling on pier-caps 1, 6 & 10.

18




Appendix B

In multi-span, pan-formed bridges having alternating fixed and
expansion joints, a trend has been observed for distreés to occur
in a specific pattern. Damage has been found predominantly on those
pler caps to which two spans are doweled, rather than‘oﬁ those to which
only one span is doweled, and predominantly on the side of such pier
caps toward the span which is doweled at both ends, rather than toward
the span whose bpposite end is free. A possible‘éxplanatién for this
pattern of distress is offered in the following péfagraphs.

Referring to Figure B-1, a rise in temperature will cause the
concrete to expand. _The‘closed joint at A pfevents movement at A.
Therefore, the far end of each span adjacent to Avmoves away from A,

At the right end, movement to the right is possible if joint'B is open,
and no trouble occurs there, To the left, at joint C, a doﬁel restrains
movement, but if movement takes place, it occurs either by bending the
pier or by sliding on the pier cap with bending of the dowel. If the
dowél bends, it is possiblé for it to cause épalling of the pier cap.
However, spalling does not usually occur at C, it generally occurs at A,

Now consider é drop in temperature., The concrete shrinks, but the
expansion joint B permits sliding at B which relieves a portion of the
tension in the slab between A and B caused by the temperature drop.
However, at C no sliding can occur. Therefore, the span between A and C

pulls the dowels at both ends toward the center of the span. This applies

pressure on the vertical section between each dowel and the vertical face




BRIDGE JOINT SURVEY DATA

Cont. Str. Span No. of Feature

County Highway & Sec. No. ‘Lenght Spans Intersected
Robertson Us 190 49-8 66 30' 10 Campbell Creek

Distance from deck to pier cap: 25 inches

Type of Joints

T
. L] . ’
Q » " 5 5 )
ke 3 = - s 3
= _ : <] =
F} 1 I 5| P .
s 1 2 3 4 5 6 8

Condition Survey Data:
Joint 1 width 1/2 inch at surface, 1/4 at botton - Full'of deb:is, traces of seal
2 width 1/2 inch at surface, 1/4 at bbttom.— Full of debris, traces of seal
3 width 1 3/4 inch at surface - Full of debris, seal poor

4 width 7/8 inch at surface, 1/2 at bottom - Full of debris, little of seal
' remaining

5 width 1/2 inch at surface,_B/B at bottom - Fﬁll of debris, little pf seal
: ‘ remaining :

6 width 1/2 inch ét,surface, 3/8 at bottom - Seal 70% gone
7 | ~- Seal 307 gone
8 width 1/2 inch at surface, 3/8 at bottom ~ Seal 70% gone

9 width 1/2 inch at surface, 3/8 at bottom - Seal 70% gone

Notes: No fiberboard in any joints.
Pier caps 1, 2, 4, 5, 6, 8 & 9 repaired.
Pier caps 3, 7 O.K.

Several diaphragms patched, majority 0.K.

19




“F " DENOTES FIXED JOINT WITH DOWELS
"E" DENOTES EXPANSION JOINT (SLIDING ON
| BEARING) , |
FILLER TO ALLOW CAST BACK-TO-BACK
FOR EXPANSION | o

USUAL LOCATION
| OF DAMAGE

\PlER cap

Figure B-1: Diagram of distress pattern.
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of the pier_cép. “In an ideal case,’equél pressures would occur at
A and C which would give an equal chance for damage to occuf at elther
location. It is observed, however, that damage occurs predominantly at
A, very seldom at C.

Consider, in additiéﬁ to the drop in temperature, the presence of
debris in the joint at A, asvsh§wn in Figure 1. When traffic loads
deflect the slab, thé‘jqint;oﬁens more at the>top than at the bottom
and loose debris drops farther into the joint. When the load leaves the
span, the upward deflection fehds*to close the”jqint, but thé debris which
has worked its way down prevents closure. This develops pressure between |
fhe ends of the two slabs at A.:

‘The combinatidﬁ of the pressute caused by the debris fiiiéd joiﬁt
and that caused by shrinkage of the concrete due to a drop in temperature
results in greater force on the left side dowel at A than on the right side.
Thus, more outward force exists on the left dowel at A than on any other
dowel, and that force is greatest when the temperature is lowest. Under
these circumstances, the left side of the pier cap at A is the one most

likely to be damaged.
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