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Overview of Presentation

e Introduction
« Bridge Waterproofing — Design and Details

« Review of Designs from different
Departments of Transportation

e Field Visits
e Research Conducted
e Conclusions
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Part 1

INTRODUCTION
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About the Issue

« Bridges very important — Lifeline of the
economy

« Maintenance of bridges expensive — both in
cost of maintenance and productivity lost
due to closure or diversion of traffic

« Leakage in bridges in Pennsylvania —
prevalent early in the life of a bridge (within

5 yT8.)



(@ Universit y O f Pittsbu l"gh Department of Civil and Environmental Engineering

S
h
~

&

About the Issue

» Deteriorates life of the entire bridge due to
issues such as efflorescence widening
cracks, corrosion, stagnating water at
bridge seats, etc.

» Usually caused due to failure of one or two
small components

« Aim: To extend life of components of the
bridge tending towards the life of the entire
bridge
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Where we stand...
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Part 2

BRIDGE WATERPROOFING
— DESIGN AND DETAILS
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Research Outline

Entire research is divided into 3 parts
« Literature Review

— Current abutment waterproofing implementation
in PennDOT, ODOT, MassDOT & MnDOT

— Current expansion joint implementation in

PennDOT, ODOT, MassDOT, MnDOT, IDOT &
NYSDOT

— Current inspection procedures in PennDOT, ODOT,
MassDOT & MnDOT
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Research Outline

« Field Visits and Research based Analysis

— Analysis of bridges in PennDOT, MassDOT & MnDOT based
on inspection reports

— Field analysis of 5 operational bridges and 1 under
construction bridge in Pennsylvania

— Simulated and Experimental analysis of critical parts of
waterproofing system

e Recommendations

— Based on inferences from field visits and research based
analysis

— Based on experience and information of engineers from
multiple DOTs
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Bridge Waterproofing

« Components to protect bridge structure from
coming in prolonged contact with water:

— Expansion joints

— Abutment waterproofing (in the backfill area) and
drainage

— Deck waterproofing and drainage

« In this research, we do not focus on
waterproofing of the deck and focus on the other

areas because it is beyond the scope of the
current project
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Expansion Joints

* A non-structural component to accommodate the
movement of the deck due to:
— Concrete shrinkage and creep
— Post-tensioning shortening
— Thermal variations
— Dead and live loads
— Wind and seismic loads
— Structure settlements

 Also provides ride comfort, prevents runoff water
and deicing chemicals from leaking onto bearings,
abutments, and other structural elements
underneath the bridge deck
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Expansion Joints

* 5 main types of expansion joint systems used:
— Compression Seal Joint
— Strip Seal Joint
— Tooth Expansion Dam
— Modular Bridge Expansion Joint (MBEJ)
— Asphaltic Plug Joint
« Research focuses on Compression and Strip seal joints
— Most common types of joint systems used

— Allow for relatively small expansion and thus have smaller
tolerances for difference between designed (predicted) joint
opening and movement, and actual joint opening and
movement

— Tooth Expansion Dam and MBEJ are designed to carry traffic
loading and are thus less susceptlble

— Asphaltic Plug Joint is mainly used in temporary fixes
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Compression Seal Joint

« Movement Range: 0.5” —
3.0”

 Components:
— Compression Seal

— Block-out or Saw-cut

opening N 7

 Note: CSJ steel extrusion
and anchorage are not

considered — not used 1n L coweresson
PennDOT
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Strip Seal Joint

. Movement Range:
O 5 . 3 O”

 Components:

— Steal Extrusion and
Anchorage N /

— Lubricant Adhesive

— Block-out
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Comparison of Compression and
Strip Seal Joints

« Compression seal joints are relatively cheap to
install and repair than strip seal joints; Also
requires lesser time to install and can be done in
parts

« Strip seal joints have a better lifespan than
compression seal joints

 Strip seal allows for greater skew angles and is
more tolerant to difference between predicted
and actual joint opening and movement; Also
very tolerant to occasional traffic loading



(@ Universit y O f Pitt sbu ]“gh Department of Civil and Environmental Engineering

Abutments

« Supports superstructure — retaining wall
holds backfill

« Two types: Connection between
abutment stem and bridge
superstructure

— Integral /Semi-Integral
— Parapet
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Integral Abutment

« No expansion joint between
abutment and \

superstructure S - \

[ ]
e Main areas of concern: AEPROVED WATERPROOE G
COMSTRUCTION JOINT.—

— Leakage at construction joints ! /
in: vl

CONSTRUCTION JOINT

= Abutment stem : — |1

= Abutment-Deck interface (Due
to poor construction quality) I

— Stress-induced cracks due to
inadequate design (difficult to
design stress redistribution)
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Parapet Abutment

« Expansion joint between
abutment and l
superstructure (on at least |

One Side Of bridge) APPROACH SLAB ﬁ‘# BEAM

« Main areas of concern:

— Leakage at abutment — s N
superstructure interface

— Leakage at construction

POLYSTYRENE ————

joints (Due to poor = ceane
construction quality) N
 Note: Old-new concrete ™™ 7 O
interface in rehab projects i
also area of concern e

I/[
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Comparison of Integral and Parapet
type abutments

- Integral abutments have restrictions such as bridge
span, soil strata, loading restrictions, etc. and are
more challenging to design

« Parapet abutments are more versatile in the type of
retaining wall used, has almost no restrictions and
are easy to design

« Integral abutments are cheaper to build, maintain
and have a long life

« Parapet abutments are more expensive to build,
maintain and have to be repaired or rehabilitated at
least once in the lifespan of the structure
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Part 3

REVIEW OF DESIGNS FROM
DIFFERENT DEPARTMENTS
OF TRANSPORTATION
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State DOT practice

o States selected based on similar weather
pattern to Pittsburgh and surrounding
areas

o Initial comparison of waterproofing
design and inspection procedure from
Massachusetts, Minnesota and Ohio

» Further comparison of waterproofing
design from New York and Illinois

Department of Civil and Environmental Engineering
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Compression Seal Joint - PennDOT

e No skew angle
limit

WIDTH OF SEAL GROOVE
GRIND 3 (8" TO 5 (4™ x 45° CHAMFER

» Fabricator Pag g0
provides joint —1
opening size and iR
compression seal o
deSign TOP THEN SAW-CUT FOR SEAL DEPTH)

SAW CUT OR
FORMED GROOVE

3 (Y™ MIN

6 (4" MAX

e Only unarmored
type used
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Compression Seal Joint - ODOT

+ Skewangle limit— .= T
150 A S e

o Specific about joint L7 aEan oA
opening size eSS
(during installation) Lhce o F 7

aId

seal

| compression
| design

Onl
use

y armored type
d
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Compression Seal Joint - NYSDOT

(] (] ¥ P
o Skew angle limit — .
0 4
45 Kj ¥;" DIA. HOLES @ 1-0" CENTERS.
= VIBRATE CONCRETE UNTIL HOLES ARE FILLED
b ° o oy / /— ?FJD D*IQLDTHT%EQIDEIIJ_E%TL(J]I;SAM LONG @ 2°-0" CENTERS.
o Fa rlcator L x% e HEADED CONCRETE ANCHOR
d SUPPORT ANGLE $| ﬁ#/ STUDS @ 1°-0" CTRS.
2l “I1T |_——— SEE NOTE "B"
pr0V1 es Jomt RN e —
TYPE "D" WATERSTOP———=¢ ~'r B
Openlng Slze and 4 u u ,‘\PRESTRESSED BOX BEMJ\‘\"

CO mp re S S 1 O n S e al Riwaoggncgﬂg S "';." : 2xHEADED CONCRETE ANCHOR

3 REAR FACE —»] STUDS @ 2'-0" CTRS.
eSIgn OF BRICKWALL %" DIA. ASTM-A325 ANCHOR +
BOLT. SEE NOTE "D" (TYP.)

[} [l A A )
T 1 T T T

I

SEE NOTE "C"

e Only armored
type used
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Compression Seal Joint — Summary

« MnDOT specifies min. 5

cells in compression seal; (S
Only used in contraction == &7
joints S it |
e Only PennDOT does not
specify skew angle I l—
e ° 14D miny ;'.g?oo
° PennDOT Only uses i::@ i@ucedcrack o% |D
unarmored joint; ODOT =i O

and NYSDOT only use
armored joint
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Strip Seal Joint - PennDOT

« No skew angle
limit

« Fabricator to
provide
opening size
and strip seal
design

€ S4ve STUDS
T

Ve (TYP,) 2V,

€ % "o STUDS

-
10" ¥ % LONG ( HOR.) 5
@ 12" C.C. Zels
CALT. WITH DIAG.) el
(SEE NOTE 3) . 3d|E 4/{{’
R e -
>
SelZ %
o
I X =
[

MAX.

4 "z " MIN,
PLATE WELDED TO
EXTRUSION 1F TWO
PIECE OPTION IS
SELECTED

(SEE NOTE 2 )

L
€ %"e sTUDS
104 %%
LONG (HOR.)
L C.

@ 24" C

10

LONG ( DIAG.)
(ALT., @ 12" C.C.
WITH TOP HOR.)
( SEE NOTE 3)

|
SHIMS (TYP.) I/
N2

REMOVABLE ANCHOR ( TYP.)
DO NOT _USE PERCUSS[ON
DRILL TO [NSTALL ANCHOR,
[AFTER REMOVAL FILL
HOLE WITH APPROVED
NONSHRINK MORTAR AS PER
PUB. 408, SEC. 1001, 2(8)1]

MIN.
fP.)

DETAIL X

\~ OPTIONAL

WELD LOCATIOM
(SEE NOTE 2 )

B

SEE DETAIL X L 6"x 4"x 2" MIN.
SPACED TO LIMIT DEFLECTION
OF DAM BETWEEN SUPPORTS

TO "Ag" MAX,

' @ STUD
BOLT (TYP.)
4"

(TYP.)

TACK WELD

(TYP.) —\\\

2 4w

A

APPROVED EFOXY
BONDI[NG AGENT

*
(TYP.) 5 "x4" SLOTTED HOLE FOR

ABJUSTMENT OF DIMENSION A
LIMITS OF BLOCKOUT (TYP. AT ALL BOLTS AND ANCHORS)

CONCEPTUAL SKETCH #%

JOINT INSTALLATION SCHEME
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Strip Seal Joint - ODOT

« Skew angle
limit — 60°

« Specific about
joint opening
size (during
installation)
and strip seal
design

VARIES 1Y TO 1"
BY MANUFACTURER

FINISH CONCRETE SURFACE
EITHER FLUSH WITH OR A MAX.
OF " ABOVE JOINT ARMOR.

2

LOCATE ANCHORS [MMEDIATELY BELOW
THE UPPER DECK SLAB REINFORCING
STEEL.

TYe,

STRIP SEAL

L=7X4xls” GLAND

2@ HOLES, 14" PITCH
I V\

W MIN. TO %* WAX. ® VENT HOLE @ 9% C/C

| ANCHOR BARS I5"X2"X1” -6

BEND AS NECESSARY AT THE DECK
EDGES TO ACCOMMODATE SKEW
(PLATE *A" SHALL BE INSTALLED
| PERPENDICULAR T0 THE THE MC [2X45
Z CHANNEL ) .

w !
R P_LA_TE_»Q_ (47 x3")
————— STRINGER FLANGE
;i JOINT SUPPORT

ANGLE &X4%% ¥ Z

[ END CROSSFRAME
f GUSSET PLATE

-

MC [2X45
S I
N

1
END CROSSFRAME SEE 5TD. BRIDGE
DRWG. GSD-1/-96 FOR DETAILS

X x67x 1" ANCHOR PLATES STEEL RETAINER

@ ["=6" SPACING WITH ONE
FLATE WITHIN 3% OF EACH
END OF ANGLE.

@ - DIMENSTON "A" SHALL BE ODETERMINED
FROW TABLE "B", TABLE "C* OR TABLE "D*

0N SHEET .

3" @ 60" F. (CLIP FLANGES
ON SKEWED STRUCTURES)
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Strip Seal Joint - MassDOT

« No skew angle
limit

« Fabricator to
provide
opening size
and strip seal
design

€JonE | CONTINUOUS

NEOPRENE STRIP SEAL
STEEL EXTRUSION

" ® NON-HEADED STUD
ANCHOR, 9" LONG @ 9" 0.C.

|
OR §" @ SINUSOIDAL ANCHORAGE | (TvP.)
ELASTOMERIC | 3 MIN,
CONCRETE (TYP.) ' :
N\ | r

pa rmats

R e -7, \ 1 & E
> 3" | \——LEVELINC TAB WITH DRILLED-IN <
3" ¢ EXPANSION ANCHOR OR
8" APPROVED ALTERNATE TEMPORARY
TP SUPPORT METHOD

/ Uk

v

-
See Table For Joint Opening
At 70°F on Dwg. No. 10.2.9

AT _ANCHOR LOCATION AT_TEMPORARY SUPPORT LOCATION

1" @ NON-HEADED
STUD ANCHOR, 8" LONG
@ 9" 0.C. OR §" o
SINUSOIDAL ANCHORAGE

NEOPRENE STRIP SEAL
STEEL EXTRUSION

8" MIN. MEMBRANE
g / WATERPROOFING

...;_” / 3" HMA
\‘ . | WEARING

ELASTOMERIC
CONCRETE (TYP.)

! \_ SURFACE
T 3 LEVELING TAB WITH DRILLED-IN T
- 4" ¢ EXPANSION ANCHOR OR
APPROVED ALTERNATE TEMPORARY
(TYP.) L) SUPPORT METHOD
W W

See Todle For Joint Opening
At 70°F on Dwg. No. 10.2.9

NOTE
This detail must be used with deck drains. See Dwg. No. 7.3.1 for details.

AT _ANCHOR LOCATION AT TEMPORARY SUPPORT LOCATION

SCALE: 3" = 1'=0"
NNTE. (NFCKS WITH HMA WFARING SIIRFACF)
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Strip Seal Joint - MnDOT

No skew angle limit

Fabricator to
specify opening size

Plow finger
provided to protect
against snow plows
only in skew angles
from 15° to 50°

GLAND
CHAMFER

Ya

TYP.
/—TDP OF DECK
& . e

[
/ \
:N
SEE BAR-ROD DETAIL M =
Vs x 3 x B PLATE Tvp.
Ya

DETAILS SYMM. ABOUT ¢ .JDINT—-I

2" DIA. x 6" LONG BENT
STUD @ 1'-6" (MAX.) SPG.

IN NON TRAFFIC AREAS.
WELD TO EXPANSION DEVICE.
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Strip Seal Joint - MnDOT

BARRIER FACE AND @ JO}N?
SLOPE BREAK LINE (7
3 ox ¥ PLATE M“NG
] A 4, Il
[ ] -/
- -sz & -
4T I
L= =} -
L AT L 2" NG x 2 '/4 c
?le \ /
N GUTTER LINE =

SEE DETAIL "a* s L N

CROWN BREAK_ OR S
ﬁEocE OF LANE WL B / w

1
FIELD WELD /
(0]
DETAIL "A"

I

o 34" PLATE (PLOW FINGER) TO BE

3
¥

VARIES
SHOULDER
0
MAX. SPG.

1y

100

7
:

RECESSED Y/s" BELOW TOP OF Sue 1

o

(=]

g L 2% (MIND x 24" x '/ TRAFFIC
5 & TRAFFIC 7 $ ! ST ~<SEE DETALL "8
& — - — - - o i — | |

£ N W W . . A AN

= - . | o

,.p_,.-P

7|@ T ;o ..
& U- o L2y x 2% x Y
1 CROWM BREAE OR
N /‘lEncE OF LANC &
:

FIELD WELD
/ // / SECTION A-A

T
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Strip Seal Joint - NYSDOT

3" DIA. THREADED STUDS 1'/4"
LONG @ 2°-0" CEMTERS END WELD
T OF JOINT TO EDGE BEAM OR 34" R
“J" AT GEOF HEADED COMCRETE AMCHOR

EDGE BEAMS | o e, JSTUU‘ (TYP.)

" R (TYPD
SUPPORT AMGLE —SEE NOTE "B" (TYP.D

2';"2"—* ‘ I
I 7 y

P e

fo A\ A
|I ~==— PRESTRESSED —w=s |
| - \ 3 BE AM

I
| L LSEE NOTE “C* i
%" DIA. ANCHOR STUD 7

u

NI

REINFORCED COMCRETE —w=s olm— S| AR —®=s

AFPROACH SLAB »
T TYPE "D" WATERSTOP—=p ..

i
+E Zﬁﬂ-‘

| - i
REAR FACE ——m= B BB°F {SEE NOTE "D0") (TYR.

OF BACKWALL

« No armor on block out

« Fabricator to provide opening size and strip seal
design

« Span of deck restricted based on skew angle
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Strip Seal Joint - Summary

e Only ODOT limits skew angle (60°)
« MnDOT uses plow finger

e Only ODOT and MnDOT specify joint
opening size during installation

« Except for MassDOT and ODOT, all other
states use the same concrete in the block-
out and deck; MassDOT specifies
Elastomeric concrete and ODOT specifies
the strength to be 4.5 ksi for the block-out
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ntegral Abutment - ODOT

€ BEARING
BRIDGE LIMIT V"

e 1r-gol g
l* ol APPROACH SLAB 2 - 1Y @ BOLTS (6“-7UNC)
p TS WIT T
CONCRETE DECK SLAB 64 CLEAR g e
\ WASHERS PER BOLT (FURNISH
| 2% @ HOLES IN BOLT LENGTHS ACCORDING TO
j STRINGER WEB \ DIMENSION A) (DESIGNER TO
| VERIFY THREAD LENGTH)
~ Ne =\ Ne
> | — Porous sackFiLL 3o (B
CG"‘STJ";”"_:;;;{‘SA”L JBGA‘,CJ.L?‘;VALL WiTH FILTER FABRIC Fl""—"—# n 3-0* WIDE NEOPRENE
. EEL STRINGER SHEETING
P \\ X '/_
I
NS
*-0% WIDE NEOPRENE SHEETING < -||| AV, 3% CLEAR
7 7 B 4" PREFORMED
| I EXPANSION JOINT
v i— OPTLONAL CONSTRUCTION JOINT A FILLER
1* PREFORMED hd
SLOPE PROTECTION --_{ sy |
SEE DETAIL X FILLER |
| I
| 6" PERFORATED CORRUGATED CONSTRUCTION = | |
PLASTIC PIPE (707.33, TYPE ! JOINT |
il e
1 |
| T
€ PILES - PLACE PILE WEB 8 'o 1”-0
" PARALLEL TO § BEARING I
/ 17-07 | 11 -6
16" [ -G L
¢ BEARING
3 -0*
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Integral Abutment — MassDOT &
MnDOT

ASPHALTIC BRIDGE JOINT CONST. JOINT
Use Approach 7 (SEE NOTE 3)

Slab Type Il |-—¢_ BEARING
_ et ——— _ 4
i ‘ APPROACH | TOP OF
PRIV EVANG [—— . PANEL DECK
. L - " E | I 3
== S || . 4-0" 0 |
| 2 LAYERS N | 815
~| TAR PAPER N 2" ¢ SLEEVE | ,-|Z 1 V.
T TR °T FoR feBAR T |3 1 7
- 127 VAN (TYP.) 7 | C 4
. S N =15 |
o [ 2 =
S| 1" ¢ PVC DRAN I N 3" S |& DIAPHRAGM— | | fa————BEAM
g AT LOW POINTS " ' KN Q| ! |
C\l. L / ; I L= - L‘ =
s BRIDGE SEAT 71 . :
< ! ? -3 ~ ]:____
CONST. JOINT _ _—
j (RAKE FINISH)__/ § i b 3-PLY JOINT ,_'
g -0 | 8|k WATERPROOF ING -
2 ERECTION PAD—| v BUOSED 4 § =
CONCRETE PEDESTALA = ol=
2 Tt FeAMey] “f |5 CONSTRUCTION JOINT E
® preal HE4d™ & 2" x 12" KEYWAY D =
2 oo < Z
i P SPECIAL SLOPE %, | g |4 ABUTMENT —= i}'—
o~ H-PILE— b PAVING * h| 918 -
Bl (HWY. ITEM) r -l X
¢ I . - —
oo 1 * Special Slope Paving treatment is - L .D z'
S T hown. If diffe T nt oWy foml
] BT P ) et ekt dEE } } E
20" | 2—0 2'—6" ¢ HOLE FILLED ~je-3 | |
, WITH CRUSHED STONE
For Designer Notes see I I

Dwg. No. 12.2.12. (M2.01.6) AFTER
For Construction Notes and Pile DRIVING PILE

1y

Notes see Dwg. No's. 12.2.9
ond 12.2.10, respectively. %BE![.L&ESN.I'.AND . o _
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Integral Abutment — Summary

e Only MassDOT provides a coated water
proofing. Other DOTs use (some sort of)
waterproofing sheet

« PennDOT is least specific in
waterproofing design detail
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Parapet Abutment — ODOT &
MassDOT

i LIMITS OF MEMBRANE WATERPROOFING

BRIDGE LIMIT " X" STRIP SEAL JT. #6 @ 8",

4" 8" | 6 e
. i oo TOP LEG 4'-0" LONG
1-9 17-0%, 1"-0 (Varies) "
APPROACH G SEE NOTE 8 | r21" cL /—HMA WEARING SURFACE
SLAB \ Ir/fﬁ BEARING :
1 ”J
I g 8" S
| =\
| . . 0 —#6 I_.':_ _____ | ANV
ALL BARS NORWAL s
\-lammm #"70 e section, . @
. |CONSTR. JT. ABOVE THE FOOTING, o =
‘}“f‘f{" ’ . ‘ | ARE %5 BARS ”IF#“ @ X
- |
e | Y SLOPE BETWEEN | Enp
BEAU SEATS B Q T B | DIAPHRAGM
I. + ol 8 / | "
| 50 de CRUSHED AGGREGATE SLOPE Zfe />~2~#5 y 2" CL. (TYP.,)
! _ PROTECTION, OTHER ROCK TS o
= L L_W“m T SLOPE PROTECTION 8 #6 @ 18 P ©_ /I o I N
POROUS*S\‘l b *’j L - 2w sluicar E 18" LONG / * GP\_ : <
BACKFILL Sralt =’ ! - [ 5@ 8"
erensd Asoz‘/’: b = : | f&sack@faclef /
F:;;Rfc g 3c-97 (win. 200" : S| #5058 . o BN
~.8 " o 107 B CLOSED CELL
S, o See Table For Joint | FOaM (TYP.)
2 o i 4
: = On;.:';g N»:Jt %;n | EXPANDED
: 3 . JHE | / POLYSTYRENE
. W = = 2" CL. » ILL
: R . CONST. JT #4 (TrP.) e 4"
BN 5 ™ - JT. (@ 12" Mox.) -
Y “ o (RAKE FINISH) .
N £ _\\ | 1" cHAMFER
= = =) =—— o~
& :;}CLEAR = - [ = 3 - f6
x #x @ X"‘é € BRGSA| SLOPE 1%
(See Note 6, | M
Iowg. No. 3.7.16) BETWEEN
- 14 | 15" BEARINGS
—1" STRIATION
225" int G !
(22 : oint Gap) L(See Note 5,
X7 (= Joint Gop) Dwg, No. J.7.16)
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Parapet Abutment - MnDOT

“ij e MassDOT — min. 2”
T thick membrane
ey waterproofing;
- j{m Waterstop in

construction joints
« MnDOT - Membrane

waterproofing —
rubberized asphalt
integrally bonded to
P - polyethylene sheeting
~ VR
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Parapet Abutment - Summary

e Only PennDOT prefers abutment without
backwall

« MnDOT lacks detail in abutment design —
Presumably left to the designer

e Only ODOT uses a full length drainage
backfill with filter fabric and perforated
drain pipe

 Construction joints differ: Stepped/Flat
type in ODOT, Raked in MassDOT & Keyed
in MnDOT
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Part 4

FIELD VISITS
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Introduction

5 bridges selected — no older than 5 years — leakage
issues

« 25 ft. to 225 ft. in length; 45 — 90 degrees skew
angle;

« 3 field visits per bridge:
— First visit on a sunny day

— Second visit two days after rain

— Third visit on a rainy day

« In addition, a construction site was visited to
investigate waterproofing implementation
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Little Creek Road Bridge

Built 2010

Skew angle: 70°

Deck: 2 spans — 105 ft. & 120 ft.

« Compression seal: 0.5 in. movement
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Little Creek Road Bridge

 Cracking & Erosion of joint
edges

« Damage of silicone sealant
at surface

« Leakage at construction
joint at beam — deck
interface
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Little Creek Road Bridge

— 3" MIN. BEYOND WATERPROOFING
MEMBRANE , FOR BOTH HORIZONTAL
AND VERTICAL MEMBRANE LIMITS,
TYP. ABOVE AND BELOW BRIDGE SEAT

—END OF BEAM

CAULK TO SEAL (TYP )

CLR| 2"x Y4 " GALVANIZED STEEL
TERMINATION BAR SECURED TO
T= CONCRETE WITH SELF-TAPPING
STAINLESS STEEL CONCRETE

S — SCREWS, 4" @ 18" MAX.

=— RUBBERIZED TROUGH MATERIAL,
SECT. 1020.2(g@ OF PUB. 408

e ! APPLY WATERPROOF ING
: MEMBRANE PER BC-788M—=

: . gn gn
] MIN. MIN.
¢ BRGS. —=
! A

Z—P/S CONCRETE
ADJACENT BOX BEAM

6" STRUCTURE FOUNDATION DRAIN

SIMILAR TO SECTION P-P ON BC-751M,
PLACED 6" MIN. TO 1'-0" MAX.
BELOW BRIDGE SEAT (TYP )

2" CLOSED CELL
POLYSTYRENE
FOAM TO PROTECT
WATERPROOF ING

FRONT FACE
OF ABUTMENT REAR FACE OF ABUTMENT

\ BATTER AS REQUIRED




Vegetation in joints
Water seeping
through joints

Main cause of leakage
— Expansion joint

Leakage due to
abutment possible as
well
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Prospect #1 Bridge

Built 2009

Skew angle: 70°

Deck span: 104 ft.

« Compression seal: 1 in. movement (different
from Little Creek Bridge)
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Prospect #1 Bridge

e Debris accumulation on
compression seal joint —
Due to recent road
maintenance work —
Hinders drainage of
water on deck

« Water staining on
abutment — more severe
near edges
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Prospect #1 Bridge

3 - ES801

ToP & BoT.
PROVIDE MINIMUM 1)/5" NOMINAL , (PARALLEL 70 SKEW
WIDTH NEOPRENE COMPRESSION 17 =34 TYP. Vg

SEAL FOR 1" MOVEMENT CLASSIFICATION.—
INCIDENTAL TO BRIDGE APPROACH SLAB

ITEM * 4505-0001 (ROADWAY ITEM)

TVZ " 1. L

ES501 OR ES502

4" QVERLAY | TR

(ROADWAY ITEM)

w/

CLOSED CELL

14

NEOPRENE SP 3 T — 5l " MIN.
OFRENE SPONGE COMPOSITE
BRIDGE APPROACH SLAB———— CONCRETE SLAB

ITEM #* 4505-0001 (ROADWAY ITEM)

2 PLY BIT PAPER—— |

48 - Esq01 e L
1 —on

[

-
-

END OF BEAM

= ¢ BEARING
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Prospect #1 Bridge

e Main cause:

— Failure of concrete block-out — evident through
leakage on edges

— Leakage through box girder — both from
expansion joint and backfill

« Debris accumulation exacerbates leakage
issue

» Possible leakage of water through backwall
— from sloped backfill — evident through
weep hole leakage
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» Built 2012 — Rehab

« Skew angle: 60°

« Deck span: 25 ft.

« Compression Seal: 0.5 in. movement



University ¢ f l’ittslmrgh

SW of Boydstown Bridge

Initial signs of
deterioration of
silicone sealant in joint
observed

Leakage observed in
old-new concrete
interface on abutment

Leakage at construction
joint on abutment

Deck slope insufficient
to drain silt

Silt found in weep holes

Department of Civil and Environmental Engineering

SEE DETAIL @

TOP OF SUPERPAVE _._g~-_| DEC:O:L::
ASPHALT OVERLAY | /
MEMBRANE | _

WATERPROOFING |77
AL L LSS ANS

TOP OF CONCRETE i f

L
APPROACH SLAB J’:ﬁ' ) WATERSTOP
142" DIA. PYC PIPE I T
- 1A FVC FIFE =l |: -~
I
|

(SCHEDULE 40} SPACED
© 10° MAX. [ INCIDENTAL \I 3% CLR
TO CLASS AA CEMENT CONCRETE) M\l >
N CABUT. 2 ONLY) N (e
O i waTeRsToP TN Mo @

1
T T T eow erearer,
1 e o 2-PLY BIT, PAPER
y

| |
END OF BEAM
OR DIAPHRAGM

Bz " /o CLOSED CELL
~NEOPRENE SPONGE

]
CONCRETE BRIDGE
APPROACH SLAB
SANCUT
ROADWAY 3, v [ww]

TAIL T W\
] 1
I =
2
A 2 MEMBRANE
b = —_— e
2z = x| - WATERPROOFING
o=
E g = CONCRETE
- .ONCRETE
&= SIL ICONE i
§ = SEALANT < | 2" @ HEAT RESISTANT
alS BACKER ROD
| =d
e & 8"
B
7 154" MIN. NOMINAL WIDTH

NEOPRENE COMPRESSION
SEAL OR 1)2" MIN.
NOMIMAL INVERTED V JOINT

DEPTH EQUALS HEIGHT
OF SEAL PLUS ¥i". SEE
MANUFACTURER' S DATA. Y

M e w
CONCRETE l 3" CLOSED CELL
NEOPRENE SPONGE

Yo" MIN. |

@ 68* F SEE NOTE 1
(TYP.)

_____ SEAL, BOTH FOR l/z* MOVEMENT
i CLASSIFICATION




VARIES

2! ”BI/E [

MIN.

1 -0 h—

of Pittsburgh

Department of Civil and Environmental Engineering

¢ BRG.
vealer, L aeeie
TYPE 2
APPR. SLAB
gll-'_
|
e Crt ‘F
d 1
#. EA4104, EA4109, EA4110,

EA4111, EA4115

~ =
VARIES | "~ EA4105 =5
LR [T -l
-6 N WATERSTOP EAS116 ST
MIN. _ FRONT FACE I S
~ Sl =<|C
12y > 3 o8
— L= aelw e
BN 1.5 '~ SAWCUT LINE “f—
- SAWCUT ——1
EA4101, EA4104 3
L - SEAL_JOINT W/ APPROVED ¥
LIMITS OF CLASS 3 EXCAVATION EPOXY SEALANT NE
AND STRUCTURE BACKFILL - 9=
g0 % %
12" DEPTH ;: o
{ SEE DETAIL 1 =
THIS SHEETH’U | FINISHED STREAMBED#* E -
EA4114 @ 2'-0" 0.C. WWFEX6-WEXWE ( EPOXY COATED)
EACH DIR.

— BOT. OF
.

REFACING#*
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SW of Boydstown Bridge




<A
A 125\
X emiss)

Universit y O f Pittsbu I"gh Department of Civil and Environmental Engineering

SW of Boydstown Bridge

« Main cause: Backfill through old-new
concrete interface and construction joint

« Cracks due to differential shrinkage
between new and old concrete —
efflorescence exacerbating the situation

« No redundancy in abutment waterproofing

« Expansion joint not ruled out but highly
unlikely — compression seal not visible —
deck not sloped sufficiently
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L1ttle Connoquenessmg Bridge

e Built 2012

« Skew angle: 45°

e Deck Span: 34 ft.

« Compression Seal: 0.5 in. movement
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Little Connoquenessing Bridge

TOP OF SUPERPAVE
ASPHALT OVERLAY
( RDADWAY 1TEM

\

Vg

SEE DETAIL Q

ToP OF

gﬂ\(‘ /m

=

° °
— MEVBRANE o
Bridge still new; gy 7777, 2 P
, TOP OF CONCRETE [* \, ]
APPROACH SLAB - oy 4
° ————"¥% BEAN
145 DIA. PVC PIPE “F N\ MOTCH
(SCHEDULE 40) SPACED | il a
® 10 MAX, (INCIDENTAL n r
CLASS AA CEMENT CONCRETE) | 3" CLR.
{ABUT. 2 ONLY) {TYP.)
° ° ° }l ° j‘;
Initial signs o Fe—
10 T =| .
g - “‘[N_]J I -1 | :\\BDND BREAKER , zI PLY BIT. PAPER
WATERSTOP |,.»’Ir END OF BEAN
o 4 OR DIAPHRAGH
8" V2" CLOSED CELL
el NEOPRENE SPONGE
CONCRETE BRIDGE
APPROACH SLAB
SAWCUT
ROADWAY % *[9)

Water staining on

GRADE '\

abutment stem
more so on the i

east side

DEPTH EQUALS HEIGHT
OF SEAL PLUS ¥:". SEE
MANUFACTURER’ S DATA. |

APPROACH SLAB /

CONCRETE

-

~ 1

LOCATION OF
BEGIN/END
APPROACH SLAB

MEMBRANE ___
WATERPROOF ING
CONCRETE

| 2* @ HEAT RESISTANT
BACKER ROD

i

1% " MIN. NOMINAL WIDTH

” NEOPRENE COMPRESSION

SEAL OR 1% MIN,

NOMINAL INVERTED V JOINT
SEAL, BOTH FOR 2" MOVEMENT
CLASSIFICATION

Y2" CLOSED CELL

Yar WIN. || 1

e 68° F
(TYP.)

" | NEOPRENE SPONGE
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Little Connoquenessing Bridge

SUBSURFACE
x DRAIN
Lo’ ENDWALL
x
I
x R-ROCK
1.0’
4 e
x % N
[J 10 | OT N
|
x
1.0 f
x
1.0'
x
's'
x
SEG. AHEAD 1.0
SR 0038
‘!
5 x
5
\
R-ROCK

) N\ iy
ismsmm\cn

DRAIN

ENDWALL
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Little Connoquenessing Bridge

« Main Cause: Backfill through abutment
seat

 Possible role of surrounding terrain
» Possible waterstop failure



\ Universit V ( f Pittsbu I‘g‘h Department of Civil and Environmental Engineering

Beechton Brldge

o o
\,

. Buﬂt 2011 — Rehab
» Skew angle: 90°
» Deck Span: 31 ft.

« Rubberized joint sealing material
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Beechton Bridge

BRIDGE
SIDE

« Severe leakage at .., <7

old-new concrete T\ - )
interface on \

.
abutment

FRONT FACE

ABUTMENT ™

« Leakage at cracks L
propagating from ... &

SLAB

RUBBERIZED
JOINT SEALING

the interface \f P

CONCRETE
DECK AND | SILICON
P/S PLANK \ JOINT SEALTRG
WATERIAL
B “{( 1y DIA HEAT
%" CLOSED CELL \ CONCRETE  RESISTANT BACKER ROD

NEOPRENE SPORGE MOMENT SLAB
# NEASURED NORMAL TO ABUTMENT
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Beechton Bridge

17-6" MIN.
—J MIN., BEYOND WATERPROOF | N(
MEMBRANE , FOR BOTH HORIZ

NTAL

AND V

EW503

— CAULK TO SEAL (T EWS05 "
1 3 CLR.
— MENBRANE WATERPROOF ING
RED TC WITH PROTECTIVE STYROFOAM

ELF-TAPP ING o

RETE FULL LENGTH OF ABUTMENT

VARIES

EW504 (TYP.) SPA.
AS SHOWN

N

APPLY WATERPROOF ING
MEMBRANE PER f

6" SCHEDULE 40 PERFORATED PVC
/ STRUCTURE FOUNDATION DRAIN

1/ -g"

T,

EL. 1617.21

STRUCTURE
S| BACKFILL

Drainage not
implemented

Membrane extended
till structure
foundation drain

OF ABUTMENT —== -
\




"
-
%,

@ University of Pittsburgh Department of Civil and Environmental Engineering

Beechton Bridge

e Main cause: Backfill through
old-new concrete interface

« Waterproofing membrane
bent — mostly failed

e Crackin new concrete due to
differential shrinkage

e Only drainage at old-new
concrete interface — not at
bearing (explain observation
of leakage at bearing seat)
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Bridges from MassDOT, MnDOT,
IDOT & NYSDOT

e No leakage in brid%es from MassDOT; Only one integral
abutment bridge shows leakage — mostly due to stress-
induced cracks (stress redistribution is a design challenge)

 Strip seal preferred over compression seal in MnDOT; No
leakage found even with cracks on abutment stem — mostly
due to redundancy in waterproofing

 Strip seal reduces leakage in IDOT compared to
compression seal

 Good performance of bridges with strip seal up to 15 years
and compression seal u}l) to 10 years (sizing is essential);
Main issue with relatively early block-out failure compared
to joint;
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Part 5

RESEARCH CONDUCTED
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Research based Analysis

 Finite Element Modelling (FEM) of
membrane peel off

 FEM of skew angle effect on compression
seal joint

« FEM of traffic (impact) loading on steel
extrusion (strip seal joint)

 Seal push out test of Strip seal (to check for
safelzicy against traffic loading with debris in
sea
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-

Finite Element Modelling (FEM) of
membrane peel-off

« To analyze effect of A A ) Single layer 9 Double layers
movement on sseees
waterproofing membrane HEE
at abutment seat l HEETL
» Membrane extending 1 ft. Membrene Dr——— Betin
on either side
b 100 fto Span - temp. Abutment B % S l;’l\fc:275%)_
variation of 104°F - 0.6 S paty BUGED B B
in. movement
« High stresses at e B R

membrane and interface
— expected

« Double membrane layer
— greatly increases stress
concentration — possible
adhesive failure
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FEM of skew angle effect on
compression seal joint

« To analyze effect of
skew angleon
compression seal joint

e 100 ft. Span — temp, Skew angle = 0 degree
variation of 86°F — 0.4
11.
° Shear stress: Skew angle = 20 degrees
— 20° — 75 psi
— 45° — 139 psi

Skew angle = 45 degrees

« Reduced safety margin
at higher angles
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o

FEM of traffic (impact) loading on
steel extrusion (strip seal joint)

« To analyze effect of traffic s
loading on anchorage stud of —
steel extrusion — with and
without armor

« Max. stress in stud: 2118 psi G‘/ l
« Max. stress in extrusion: 1336 psl e
« Max. block-out tensile stress: 163 oo

psi

« Anchorage has very high safety
margin when compared to the
strip/compression seal it
supports
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Seal push out test of Strip seal

« Test to simulate loading |......... AT
of strip seal iimeab R R
. N
« Reason 1s to test |
strength in case of
trafflc lOadlng due tO I [+———BEARING
debris accumulation N
e Modification of seal T et
push out test by el
University of Minnesota e
(NCHRP Report 467)
2 S Specimen
1
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Seal Push out test of Strip seal

« Sample from PennDOT
approved manufacturer

« 3 ft. specimen; Spacing
of 3 in. at top of the
specimen

« Reaches around 4 in. of
deflection and 2700 lb.
of loading (1600 1b.
reqd.)

e Great ductility and thus
great tolerance to debris
compared to
compression seal
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Part 6

CONCLUSIONS
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Recommendations

» Based on study of design, field
observations, analysis and testing, two
kinds of recommendations are made:

— Design based

— Monitoring based
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Design Recommendations

« Based on current design information

« Based on evaluation of design performance
of other DOT's

« Based on research findings

- Six recommendations given based on broad
categorization of project type and abutment
type.

* Note: These are theoretical design
guidelines; Actual design and other
specifics need to be probed
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Integral Abutment

« Waterstop,
membrane and full N
length drainage b
material for "

redundancy

DRAINAGE BACKFILL
WITH FILTER FABRIC — | =

WATERSTOP AT
CONSTRUCTION

PERFORATED
DRAIN PIPE =) ¥ JOINT

-

PREFORMED
POLYSTYRENE FOAM
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Parapet Abutment — Without

Backwall
COMPRESSION
SEAL JOINT
BLOCK-OUT
N\

 Single layer of S
membrane at top of o ronen
abutment stem area |

LAYERS OF
WATERPROOFING

« Joint is visually
accessible preromueo

AN
POLYSTYRENE )]
f ] [~ _ }=——BEARING
Nt TOP OF ABUTMENT STEM

« Compression Or Strip e

WITH PERFORATED
DRAIN PIPE ———m O

seal based on span |

and skew of deck 5
o Full height drainage ﬂ j

layer with filter fabric

TO PREVENT MEMBRANE FROM L_/
STICKING TO ITSELF L
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Parapet Abutment — Without

Backwall

Expansion Joint moved
away from the abutment

Joint is visually
accessible

Compression or Strip

seal based on span and
skew of deck

Waterstop at all
construction joints

Full height drainage
layer with filter fabric

Requires higher levels of
construction quality

STRIP OR
CONSTRUCTION JOINT

BLOCK-QUT f—~—

NS ]

DECK
APPROACH)
SLAB BEAM
.\ WATERSTOP
MOVEMENT

PLASTIC SHEET 4 =
TOALLOW FOR CAULK TO SEAL X
CONCRETE
SLAB (PREFAB)
(LEADS TO DRAINPIPE
ON OUTER FACE OF CURB) PREFORMED
CELLULAR 4——r

DRAIN IN CASE /
OF JOINT LEAKAGE

POLYSTYRENE

DRAINAGE MEDIUM g
WITH FILTER FABRIC

%

OP Of
WATERPROOFING —l \
MEMBRANE
OVERLAP DEPENDS ON
TYPE OF EXPANSION

PERFORATED DRAINPIPE

N
7
L

P
JOINT USED

NOTE: IMPLEMENTATION OF
OVERLAP TO BE LOOKED INTO
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Parapet Abutment — With Backwall

e Ideais to be able to —— gt
predict source of leakage N 3
o Joint is visually R
accessible % s -
« Compression or Strip AT <
seal based on span and  ...cucancen
skew of deck e g
« Waterstop at all WATERSTOPAT. - T
COnStI'llCthl'l JOlIltS JOINT TOP OF ABUTMENT STEM
« Full height drainage revosm ()
layer with filter fabric ‘
WATERPROOFING N
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Construction joint (in abutment)

« PVC waterstop
difficult to install —
highly dependent on
worker skill

« Crystalline waterstop
suggested

« Waterproofing
membrane suggested
for full length (along EGERENE NS ENEI TR

with preformed
cellular polystyrene) %\

for redundancy

CRYSTALLINE
WATERSTOP
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Old — New Concrete Interface

« Drainage backfill

along Wlth e PREFORMED POLYSTYRENE FOAM e MEMERE IS

WaterprOOflng BEXTENDING 1 FT. ON EITHER SIDE

membrane and OLNEW ABLITHENT
INTERFACE

waterstop for /

redundancy

DRAINAGE BACKFILL WITH FILTER
FABRIC AND PERFORATED DRAIN PIPE WATERSTOP

« PVC waterstop
installation to be
further researched
— Alternatively can
use crystalline
waterstop
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Abutment — Wingwall Joint

* INDICATES LOCATION OF COMPRESSION
SEAL AND COMPRESSION FOAM DEPENDS

ON SIZE OF ABUTMENT AND WINGWALL

) Primarily in integral AND MAYBE INTERCHANGED
abutments

« Waterproofing N
membrane with A PLATe
overlap —_

 Positioning of j
compression seal and
foam depend On angle ﬁ@ COMPRESSION FOAM* T

and size abutment e o sonoe
and wingwall

COMPRESSION SEAL*

WINGWALL
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Monitoring Recommendations

« Based on issues encountered during field
V1SItsS
« Based on currently available technology
 Fiber optics based testing
— Optical Fiber Sensor

— Evanescent Field Fiber Loop Ringdown (EF-
FLRD)

o Strain gauge monitoring
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Optical Fiber Sensor

» Based on change of
volume of a water R
absorption material ~

N\ Mesh cloth

Water combination soil
(WCS)

4 WCS vessel

« One time use to detect
leakage — does not SRl
require immediate B T ==

°
re CO rdlng Of data (b) A state before absorbing water (c) A state after absorbing water

g High reflection connector

o Xeid? ‘ (a) Schematics of a probe
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Evanescent Field Fiber Loop
Ringdown (EF-FLRD)

Change in water
content will affect
optical refractive
index of fiber loop

Reusable and thus
can be used for
monitoring — needs

timely attention in
collection of data

Fiber Loop

Photo
diode
detector

A concrete bar with an embedded
EF-FLRD water sensor

Couplers
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Strain Gauge Monitoring

« Can be used to measure expansion joint
opening
» To assess prediction of joint opening

(especially for Compression seal joint)
and verify with actual joint opening

« Many ways to go about this — mature
technology
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Concluding Remarks

 Selection of compression seal or strip seal
depends on various factors

« Block-out a very importapt parameter;
Needs further research with elastomeric
concrete, reinforced concrete, etc.

« Backwall recommended to be used —
reduces source of leakage to only joint

» Monitoring needed to find out if poor
construction is the cause of leakage or if
inadequate design is the cause
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Questions or
Comments

Thank you




