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Project Background




3rd Avenue Bridge, Minneapolis, MN  w,__ —g=—=21:

—

"N S SRR
Completed 1918; listed on national historic register 1971




Drone Overview




Project Background - Bridge Description

Expansion
Joint Replacement,

1st Rehabilitation shotcrete repairs
°

1918 1939 1979-1980 2003 2014

. . .
Bridge number 2440, 2nd Rehabilitation Foundation Repair
opened to traffic on (See graphic below) Project
June 14t
SOUTH APPROACH, _ ____ ARCH SPANS INPLACE NORTH APPROACH

" REPLACE DECK & CAP BEAMS NEW CONSTRUGT. |

| NEW CONSTRUGT i
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Structure Description
Deck B

Melan truss reinforcing system

Barrel Arch
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Primary Need

« Significant structural deficiencies
and condition issues that need
addressed

» Purpose of the rehabilitation is to
address the condition issues and to
achieve a target service life of 50

Arch ribs Pier bases near waterline and below drains




Evaluatlon and Forensics -
Bridge Inspection and Condition
Assessment

Phase 1 — Bridge Inspection and Comprehensive Condition Assessment
Phase 2 — Field Testing, Material Sampling, Laboratory Testing




Importance of Comprehensive
Condition Assessment

Why so important for historic
concrete?

 Historic concrete has unique deterioration
mechanisms considerably different than
for modern concrete

» Conditions can vary widely across bridge:
» Concrete often highly variable
« Often multiple past repair projects

» Usually extensive damage in concrete
that needs to be carefully documented
and strategically repaired

« Historically significant features need
thorough documentation for preservation




Objectives of
Condition Assessment

W N =

Characterize the construction of the bridge
Determine current conditions
Document historic features

|dentify deterioration mechanisms, whick often
include:

» Chloride-induced corrosion damage

Carbonation-induced corrosion damage

Freeze-thaw damage=—

Other materials-based mechanisms (ASR, €T

Structurally-induced distress




Phase 1 — Bridge Inspection

 Close-up visual inspection and
sounding of 100% of exposed
surfaces

« Mapped all distress conditions
on scaled drawings

 Documented condition states
according to MnDOT standards
(CS1 through CS4)

* Notes taken digitally on iPads



Phase 1 — Bridge Inspection
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Phase 2 — Field Testing, Material Sampling
and Lab Testing

» Select study areas representative of
full range of conditions observed in
overall inspection

» At each study area:
» In-depth non-destructive field testing
« Sample removals for laboratory testing

 Goals:

* |dentify mechanisms of deterioration occurring
in concrete across bridge, by element

» Determine mechanical properties for load
rating

» Gather data as basis for projecting service life
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Study Area Locations By the Numbers:
« Spatial distribution across bridge « Total test locations: 137
« Range of exposure conditions * NDE areas: 73
(upstream, downstream, at/away » Concrete samples: 81
from joints, etc.) « Steel samples: 10
« Some at each material type, vintage,
condition severity

COHCRETE REPAIR




Field Testing

« Delamination surveys

 Reinforcing steel location
(GPR)

« Corrosion potential surveys
(half cells)

» Corrosion rate
measurements

* Resistivity testing

» Carbonation testing
« Ultrasonic thickness testing

« Sample removal




Lab Testing

Samples:
» 81 concrete samples (mainly cores)
* 10 reinforcing steel samples

Lab Testing:

» Concrete compressive strength

» Reinforcing steel mechanical testing
» Chloride content profiles with depth

* Petrographic analyses:
* Freeze-thaw cracking

Air content

Carbonation depth

Paste-aggregate characteristics

Other deleterious reactions
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Core 10
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ARCH SPAN 3 - SPANDREL COLUMN N - NORTH FACE

Expansion Joint Since 1918
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(SEE CONDITION LEGEND IN APPENDIX X)
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Synthesis Sheets

By Element
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Concrete Rehabllltatlon Design and
Construction

0N~

High quality surface repairs for historic concrete
Accurately estimating concrete repair quantities
Deep concrete repairs for freeze-thaw damage

Mitigation of freeze-thaw damage and reinforcing steel corrosion (to extend service life)
» Coating and enhanced water barrier in critical zones, targeted cathodic protection

7
Matching concrete repairs to original concrete texture and color

COHCRETE REPAIR




1. Quality Repairs for Historic Concrete

Chloride-induced = Freeze-thaw

Unders&.tand the
andnechams/‘ms

defeat

repairs for durability

» Keep water from penetrating
(mechanisms are water-driven)

* Proper substrate preparation

* Reinforcement for crack control and
anchorage

» High-quality materials, placement,
and quality control

Typical Gaaic Anode
Arch Rib Cutaway 5 (continuous between corner
== repairs, all four corners)

CONCRETE REPAIR




Example — Arch Corner Repair Detail

-----
e
R

35 sheets concrete repair details
107 sheets concrete repair

101 pages
customized

s for
concrete

specification

Key points:

374" DEEP SAWCUT PERIMETER, TYP.—
PREPARE SAWCUT EDGE PER SPECIFICATIONS

L _—MELAN TRUSS ANGLES:

#4 (E) ADHESIVE'ANCHOREDﬁ\
DOWEL e 12" 0.C. V.I.F.
= e \

TP
RANGE 3
TO 5"

|
TYPE B ANODE EACH SIDE OF — [ _ _ _ _ .
MELAN ANGLE, EACH END OF PATCH T

(4 TOTAL PER PATCH), TYP. CONNECT |- = ,/,’A s, e, i
EACH ANODE TO MELAN ANGLE. |

< 7
REMOVE TO SOUND CONCRETE,— 1 /
CLEAN AND ROUGHEN SURFACE -
CONCRETE REPAIR AREA—//
EXTEND REPAIR !/'—
MIN, BEYOND TOE

/./ 2L 4x4x1/2 (SPANS 1-5)
2L 3x3x3/8 (SPANS 6-T)
CLEAN AND COAT WHERE EXPOSED

>—*4E)e 9" 0.C., MAX, TYP.
// INSTALL MATCHING DOWELS AT
BOTH ENDS OF CORNER REPAIRS.

TRANSVERSE BRACING ANGLE
APPROX. 30" 0.C.

TYPE A ANODE ALONG THE
LENGTH OF THE PATCH, SEE
DETAILS ON SHEET 144

| ——PROFILE OF EXISTING SPALL
OR DELAMINATION (VARIES)

2 —[———EXISTING BRACING ANGLES
< I AND CONNECTION PLATES @
APPROX.3'TO 10'0.C.

"S—*#4 (E) ADHESIVE-ANCHORED
DOWEL e 12" 0.C. 8"

DIMENSION SCHEDULE |
RIB ||H|\ luwu I

WIOTH .. SEE CONNECTION—/
131 jigw {iaw DETAIL ON SHEET
16' 1'-g"  1'-5w 144 FOR ANODE

O WIRE TO STEEL

CONNECTION, TYP,

J_ 215" -|V.I.F.

5" TYP, RANGE 4" TO &"

9" FOR 10'RIB, 10" FOR 12'RIB,
11" FOR 16'RIB, 9" FOR BARREL

SECTION A-A ARCH TOP CORNER REPAIR

Excavate to steel angles
Clean and coat steel
Dowels to keep bond lines tight

Reinforcing to control cracking
within patch

Anodes at ends to defeat halo effect

Continuous anode to protect
unexposed angle surface

Shotcrete or CIP repair with QC

Proper (wet) curing



2. Accurately Estimating and Controlling
Concrete Repair Quantities

* Distress Quantities (DQ) — As mapped areas that warrant a repair

» Can calculate DQ directly from inspection software (total area of all “blobs”)

* Three factors to convert DQ’s to repair quantity estimates on Plans
» [Quantity Estimate] = [DQ] * [Squaring Off Factor] * [Time Delay Factor] * [Other Factor]

masn s e - s s s P s s
-‘%:. e S S N 4 H,’.;k I eee L] ew L o ]:1_" cwe o e B ew H ew B
v L = I = I ' A % — = I A T B B i = o
o £ .--'."'.':Ei:!':_“;'_:;::'---'----atbz;:—':;i'i]".‘ﬁ—h_
e | === — NN =
T T -
. T i ’_/’_,.r' et
o I/.,/\
_.’/'-' e akie AT

B o et At et At
arch Par Lo = | it peweg
Aech Frer 3 gl 4 b
g rch o
- ){_,, Bk Urariae_e
P :
T Py RE_Areh Bike gt
= \\ N2 e Catmm
= e 83_Mvch Rika. gt
42 Scandent Catm.
s
o =
«
i c
1 | Ll 1
| I*]
. 1 L 11




Total Repair Factor (“Growth Factor”)

» Across all elements, total of all factors (sometimes called
“growth factor”) was approximately 1.8 to 2.2 x DQ (as mapped)

Squaring

Off Factor Time Delay Other Total Repair
(average) Factor Factor Factor

Arch Ribs 1.28 1.23 1.15 1.81

Barrel Arches \ 1.43 \l 1.23 \l 1.15 \l 2.02

Pier Walls (Exterior
and Interior Faces) 1.56 1.23 1.15 2.20




Controlling Repair Quantities Durlng

Construction

« Fair, clear, and doable repair

measurement and payment procedures

(area and depth)

« Sawcut before chipping; do not combine

areas more than 1 foot apart; use good
repair geometries (see ICRI guidance)

* Engineers experienced in historic

concrete repairs present during marking,

measuring and excavation of repair
areas (control growth); track repair
quantities in real-time

<4mm——
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3. How to Address Deep Freeze-Thaw Damage

Face of
pier

FIT
/ damage

CONCRETE REPAIR




Typ. Surface Repair (6” Max.) Deep Repair (8, 10, 12” Max.)

2" TO0 5" CLR TO
EXISTING BARS, TYF

REMOVE CONCRETE A MINIMUM OF 3 2 T0 5" CLR TO
PAST EXISTING BARS EXISTING BARS, TYP
EXISTING 4" ROUND OR ¥y S0.
B BARS, TYP SPACING 2'-0" BN CENTER
¥ EACH WAY. CLEAN AND COAT A EXISTING /" ROUND OR ¥ So.
EXPOSED BARS ¥ BARS. TYP SPACING 2'-0" ON_CENTER
EACH WAY. CLEAN AND COAT EXPOSED BARS.
SEE NOTE 3
570 SEE NOTE 4
EPOXY *5 HOOK,
DOWELED AND ADHESIVE- N /, gpoxy s uook. | 5*;” /
GROUTED @ 2'0" ON CENTER OWELED AMD ADHESIVE- "
EACH WAY WHERE "H" OR "L" GROUTED @ 2'0" OM CENTER _\ / 2" MIN CLR, TYP
EXCEEDS 4'-0". MO DOWELS . " EACH WAY WHERE "H' OR "L
REGUIRED WHERE "H" AND %E"ELO%‘%BEEE‘ESE’},'Z?;JELSEE,S:‘ RS EXCEEDS 4'-0". NO DOWELS EPOXY-COATED *5 BARS. PLACE BARS
SN ARE 4-0 OR LESS. ON CENTER BETWEEN NEW OR EXISTING REQUIRED WHERE "H" AND TO PROVIDE MAX SPACING OF 12/
/] REINFORCEMENT IN EITHER DIRECTION. "L ARE 4-0" OR LESS. ggnfrEo"r:ctERuEBrETT '15.‘":1'45%‘.;"?1&?'%’0‘36
DOWEL AMD ADHESIVE-GROUT BARS OM 2, DOWEL AND ADHESIVE-GROUT BARS ON =
REPAIR PERIMETER. B REPATR PERIMETER. 4
[ 4
L 5 it / =
2" MIN CLR, TYP z .
: | __—— SOUND CONCRETE, CLEAN F
| SOUND COMCRETE, CLEAN ’ [ AND ROUGHEN SURFACE
% AND ROUGHEN SURFACE
[ CONCRETE REPAIR
1
| CONCRETE REPAIR /— ¥y' SAWCUT PERIMETER.
DO NOT DAMAGE REINFORCEMENT,
A ¥, SAWCUT PERIMETER. 4
¢ 0O NOT DAMAGE REINFORCEMENT, v
TP
- L] ”
. 3 Min., 6” Max. >6”,12” Max.
TYPE A/P-1 TYPICAL VERTICAL SURFACE REPAIR TYFE A/FP-2 TYPICAL DEEF VERTICAL SURFACE REPAIR

Key points: Key points:

» Concrete removal behind bars « Excavate incrementally deeper until reach sound

» Up to 6 inches depth substrate

« 87,107, 12" payment depths

» Supplemental bars & dowels




Define Measurement and Payment
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RULES AND EXAMPLES FOR DEPTH
MEASUREMENT OF CONCRETE SURFACE REPAIRS

L MEASURE EVERY SOUARE FOOT OF CONCRETE SURFACE REPAIA AS ONE CONCRETE
HEFADR T1TPE BASED ON THE DEFTH RANGE OF THE ROPAIR, A5 FOLLOWS:

TrPICAL DEPTH RCPAIR TYPE
3Te 4 TePE 4
410 & TYPL &
& 10 8 TYE 8
8 o 1o TIFE 10
10 19 127 1YL 12

2, WITHIN ANY OKE {1} CONTIGUOUS REFAIR ARCA, IF DCPTH OF ROPAIR VARIES.
MEASUSE WO WORE THAM THREE [3) DIFFERENT REFADR 1YPES {DEPTHS,

3, THE AREA OF A “POSKET" OF A DIFFCAENT DCPTH AANGE (DECPCR OR SHALLOWIR)
T0 BE

WITHIN ANOTHER DEPTM RANGE MUST BE GREATER THAN 4 TF [§ OA)
MEASURCD TCPARATELY, FOR SMALLER *POCKETS®, INCLUDE THE AREA OF THE
“POCKET" IN THE MEASURCMENT AND REFAIR TYFL OF THE 5 ARLA.
FOR Py OF DEPTH MEASURENENT, SOU

ZONES INTO AECTANGLES OR COMBINATIONS OF RECTANGLES AND MEASUR
FECTANGLES FOR PATMENT,

ROUND

£ SLEROUNDING L
MRE OFF THE PERIMETERS WEOEE:ER

,_
2
™
&

REPAIR TYPL &

REFAIR TYPE B

ROPATR TYPE 10

B8

REFAIR TYPE 12

s UP TRACTIONS OF 4 57 OF CONCALTE SURFACE REPAIR TO THE HEXT
WHOLE MUMSLR FOR PATMENT.
& AFER TO THC EXANPLES SWOWN BELON FOR APPLICATION OF THESE RULES. REFEIR TYPE 4 HOT. SO ¢
EXAMPLES BUT SHALL BE MEASURED
SILARLY
L 160" ‘é‘
& 4 AN
: A #5 o
= h g T 10 4 N H
v Y L 4 E
* ik i -
% h
o
B T e o A
EXAMPLE 3 - PLAN X 1126 58'-07 \\
OR ELEVATION S saLLONER *pockET®
- ~ 4 4 SF BOLS MOT GET
/ MEASURED SEFARATELY
o //
[t i e “ o
S A
o o i o I IY
L.y N Sl

N TRaNSITION AREAS
<4500

EXAMPLE 3 - SECTION

EXAMPLE 3 - QUANTITY CALCULATION:
GTY.ROPAIR TYPL 42 = BUZISTU2 S 096 = 48 5F
OTYLROPAIR TYPC 10+ 0

OFY. RiPAIR TTRE A

MRISTIRS * XURISTTEI 0 48B4 Bed 0 4% SF

Oy, REPAIR TYPE & o LoW = TOPE 12 = TYPE 10 = TTPE & 1 16e8 = 48 = O « 48

LEE

Wt L1
UEASURED SEFARATELY

Ll = 12"

EXAMPLE 1 - PLAN
OB ELEVATION

DEEPER *POCKET*
< 4 5F DOCS MOT GET

MEASURED SEPARATELY

A

EXAMPLE 1 - SECTION

Pl EXAMPLE 1 -
; QUANTITY CALCULATION:
GTY, REPAIR TYPE 6

SILIsL ¢ Lze ¢ Deieez

023 4 ded o 12

= 52,8, AOLMD UP 10 83 SF
; SOUAL OF ESTIMATED SEPAIE SUANTITIES PR [

TJ CONCRETE SURFACE REPAIR (TYPE 4)

CONCRETE

SURFACE REPAIR

| concreTe

SURFACE REPAIR

TYPE 6-H =1
TYPE 6-V -

J CONCRETE

SURFACE REPAIR

TYPE &-U

| concreTE

SURFACE REPAIR

TYPE &-H

J concrRETE

SURFACE REPAIR

TYPE 8-V

_J] CONCRETE

SURFACE REPAIR

TYPE &-U

- concreTE

SURFACE REPAIR

TYPE 10-H o

T concRETE

SURFACE REPAIR

TYPE 10-V

Le iz | CONCRETE SURFACE REPAIR TYPE 10-U
ErEn L (| CONCRETE SURFACE REPATR TYPE 12-H
. | concreTe surFace Repatr Tree 12-v
o= = CONCRETE SURFACE REPAIR TYPE 12-U
P T
.
S g £ k ¥
. ’ -
. I 7 oh N
= \\ e E ‘
N s f
TN i T s e
B REFAIR CUANTITECS & OF v | SefE1 s, 18 oF 458 SfL TS
EXAMPLE 2 - PLAN S~

OR ELEVATION

e EEPER “POCKET®
4 4 SF DOLS MOT GET
MEASURED SEPARATELY

o
s

TRANSITION AREAS
145

MEASURED SEPARATELY

EXAMPLE 2 - SECTION

LIC. WO. SL45 GENERAL NOTES (4 OF 4)

il i
CERTIFIED BY - 20203 TITLE:
| U] et vr207200 CONCRETE REPAIR

NAML: ASHE P, JOMNION

Bew AP | [
om T3 O% APATS

| SHEET NO.27 OF 458 SHEETS |

| APPROVED:

| BRIDGE NO.

2440
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Very Deep F/T Damage at Pier Bases

2

* Freeze-thaw damage
near waterline and
below drain discharges

» Approx. 2 feet deep
max. (erosion plus F/T
beyond)

Drainl
discharg

- | * Max. erosion
| depth of 17~

 Max. F/T damage beyond erosion 8" ~

Iy

COHCRETE REPAIR




Repair Approach - Pier Base Jackets

“pockets”

UonELs © 4
EM., TYP,

12" Deep Typ.
Removal

\
PERFORM MASS EXCAVATION TO - Z_’—

TYPICAL REMOVAL LIMIT OF
EITHER &" (TYPE B OR 12" o i
(TYPE A), ACCEPTABLE SURFACE A g ke

AT THAT DEPTH IS EITHER v < -
“INTACT CONCRETE SUBSTRATE"

OR "SOUND CONCRETE SUBSTRATE® I ‘ e

(SEE NOTES). &
,‘ﬂ‘l [ EXISTING ERODED
. 1
% :

TYPE A REPAIR |

SURFACE, VARIES

CAVATION OF
[CONCRETE BEYOND
WHERE REOUIRED

3
NN ORIGINAL PIER
T PROF ILE
RETE SUBSTRATE' A
\
\
. TP
7. B

*INTACT CONCRETE SUBSTRATE"
OR “SOUND CONCRETE SUBSTRATE"
(SEE NDTES), TYP.

REMOVE EXISTING

" INTACT CONCRETE SUBSTRATE" REINFORCEMENT

(SEE NOTES), TYP.
EXISTING [ REPAIR

"
‘ A
(4

“"T0 REMAIN

PIER BASES - EXISTING CONDITION & DEMOLITION

85 (S) ADHESIVE - ANCHORED —
DOWELS @ 2'-0° MAX O.C
EW., TYP.

Jacket

vIF
10

PROFILE DIMENSIONS LLN.O.
SEE *PIER BASE CORNICE
" THIS SHEET.

3* CL. TYP. IN PIER | &
JACKET REPAIRS J

pesTRaTE"

SUBSTRATE' 16 MIN, ~————*5 (5] ADHESIVE-ANCHORED

DOWELS @ 2'-0 MAX.0.C.
Ew., TYP. _VIF

10"

*5 Sie 12* O.C.Ew,

A
L3

EXISTING | REPAIR

T0 REMAIN

PIER BASE JACKET DETAIL - TYPE A & TYPE B

12" Thick Reinforced

E-ESTABLISH ORICINAL PIER

* Remove 12" typical, plus
deeper in isolated
“pockets” to reach “intact
concrete substrate” (not
necessarily to “sound
substrate”)

* Install new anchorages
deeply embedded into
sound concrete below F/T
damage, install new
reinforcing steel in jacket
concrete

4 i
¥
| ancw s, Tre. \ o
DETAILL 1 | -
SHEET 154 e ~PIER Ju
- TPE B

\CKET
REPAIR

~.
e S—peran 3
NORMAL WATER EL, Seetsy
799.2 NAVD 88) ———  f7

_——DETARL &
—+ SHEET 154

EL 1932

[ EXIST. FOOTING
SEAL 120141 AT

| UPSTREAM SIDE
OF BASE

Y
|
UNENOWN i

PIER 5 - SECTIONAL ELEVATION SCHEMATIC SHOWING PIER BASE REPAIRS

=1 /ROCK
50 MUDLIND

« Cast new self-consolidating
concrete to match original
profile lines

COHCRETE REPAIR




Pier Base Jacket Construction

Coffer dams, concrete removals - hydraulic breaker and by detail

e S
fatalliala a




Drone View




4. Mitigation of Freeze-Thaw Damage and
Reinforcing Steel Corrosion (i.e., Extending
Service Life)

For freeze-thaw and corrosion

mechaRnisSoisture-driven mechanisms, so

overarching goal is to keep water out of the
concrete

» High-quality repairs to limit cracking
* Reduce and improve expansion joints

» Coatings and sealers
For corrosion mechanism

onlyCathodic protection




Full Coating, Enhanced Water Barrier in Critical
Zones

« Research showed 3rd Avenue Bridges had various surface treatments in history
« Original concrete extremely vulnerable to future deterioration if water penetrates
 Historic agencies accepted water-resistant coating for all original surfaces

T

1. Concrete surface rpair, cast-in- 2. Extended cure-out perid (6 3. Silane treat surfaces — 100% SV

place material required, anodes months min.), almost all shrinkage solids, two coats to refusal (seals
between corner repairs cracks and bond line separations cracks <10 mils) FARERETEAEIMR




Full Coating, Enhanced Water Barrier in
Critical Zones

« Research showed 3rd Avenue Bridges had various surface treatments in history
« Original concrete extremely vulnerable to future deterioration if water penetrates
 Historic agencies accepted water-resistant coating for all original surfaces

| =

™
y

4. Rout and seal all wider and moving 5. Coat all surfaces with elastomeric surface coating
cracks; pre-stripe cracks with elastomeric colored to match original concrete (MnDOT Special L
patChlng compound Surface Finish “) CONCRETE REPAIR




Targeted Cathodic Protection

K

Arch Rib Cutaway

1z|ﬁ§|" ; 12_3’}?__1_%—_ 125 % 1zl f 135 E:]' e I%% ety I%%‘ .
L] R | 1 N B .
KIS i I8 o e
BHC orner L J \; ]
AL ] > repairs at H—:\:
I N
- current SRR
_______ . ] _,Ii‘ .
- distress SN
F N
e
To slow future distress, ~J

________

Typical Galvanic Anode

(continuous between comer
repairs, all four comers)

cathodic protection at
corners between repairs

Furthermore:

Cathodic protection anodes will
be located in the field only
where half-cell testing shows
active corrosion is occurring

COHCRETE REPAIR




argeted Cathodic Protection

TYPE C ANODES OUTSIDE OF ARCH CORNER
REPAIR AREAS. LOCATIONS WILL BE DETERMINED
BY HALF-CELL MEASUREMENTS TAKEN BY THE
ENGINEER DURING CONSTRUCTION. SEE SPECIAL
PROVISIONS.

ANOdeES In corea

EXISTING ARCH RIB A
OR BARREL ARCH

™

REPRESENTATIVE ARCH
CORNER REPAIR

REPRESENTATIVE ARCH ELEVATION

Cylinder-shaped
anodes

3/4" DEEP SAWCUT PERIMETER, TYP.

PREPARE SAWCUT EDGE PER SPECIFICATIONS e RN RIS ANGIES:
®4_(E) ADHESIVE-ANCHORED o 2L dxdxlsZ (SPANS 1.5)
HOWEL (@ 1o 10-Cat MoLEs = 2L 3x3x3/8 (SPANS 6-T)
. 18" E CLEAN AND COAT WHERE EXPOSED
a -
Zlgs W = *4E)@ 9" 0,C., MAX, TYP.
_12s ] INSTALL MATCHING DOWELS AT
TlEe ) BOTH ENDS OF CORNER REPAIRS.
@ TRANSVERSE BRACING ANGLE
" APPROX. 30" 0.C. N
] - ]
TYPE B ANODE EACH SIDE OF — | TYPE A ANODE ALONG THE o e

MELAN ANGLE, EACH END OF PATCH LENGTH OF THE PATCH, SEE =
(4 TOTAL PER PATCH), TYP. CONNECT § £ DETAILS ON SHEET 144 Sl euesns ovese e
ACH AN TO MELAN ANGLE. e
RAC 0B TORMEL e < %__,fPROFILE OF EXISTING SPALL %3 -
REMOVE TO SOUND CONCRETE, OR DELAMINATION (VARIES) |z
CLEAN AND ROUGHEN SURFACE_/ Qi& s, R £
CONCRETE REPAIR AREA kﬁ AND CONNECTION PLATES @

EXTEND REPAIR '/2"/

MIN. BEYOND TOE

\ APPROX. 3' TO 10'Q.C.
#4 (E) ADHESIVE-ANCHORED

DOWEL @ 12" 0O.C. g

1" CLEAR TO SURFACE OF ANODE.
FILL ANNULAR SPACE AROUND
ANDDE AND SURFACE FLUSH WITH
EMBEDDING MORTAR,

MELAN TRUSS ANGLES:
2L 4" x4"x1/2" (SPANS 1-5)
2L 3"x3"x3/8 (SPANS 6-T)

——TYPE C ANODES IN CORED AND
PREPARED HOLES, STAGGERED
AROUND MELAN ANGLES

(FUSION T2-100+ ANODES SPACED
AT 18" 0.C., 9" STAGGERED)

[~— TRANSVERSE BRACING ANGLE AT
APPROX. 30' 0.C.

DIMENSION SCHEDULE /L | /
RIE "R D 7 21" -|V.I.F. v
WIDTH SEE CONNECTION T
}g‘ }.‘:2” = DETAIL ON SHEET 5" TYP.RANGE 4" T0 &"
16 16" LhOR HODE 9" FOR 10'RIB, 10" FOR 12'RIB,
BARREL 1'-6% i1" FOR 16'RIB. 3" FOR BARREL

CONNECTION, TYP.

9" FOR 10'RIB, 10" FOR 12'RIB,
11" FOR 16'RIB, 9" FOR BARREL

oEs _ARCH TOP CORNER REPAIR SECTION C-C TYPE C ANODES AT ARCH TOP CORNER !,:QB!




What About Metalizing (Thermal Spray
Coating) at Arch Corners?

INSTALL METALIZING ¢ THERMAL
SPRAY COATING) FULL LENGTH
OF ALL ARCH RIB AND BARREL
ARCH CORNERS (IN LIEU OF
EMBEDDED ANODES)

1"-6" TYP.

METALIZING AT
4 CORNERS

PREPARE BONDING SURFACE
8Y LIGHT aBRASIVE BLASTING

16" TYP.

SECTION D-D TYP.METALIZING SECTION

COHCRETE REPAIR




Determined Inadequate “Throw Distance” from
Metalizing to Melan Angles in this Case

" E = T
4 TYP, 2 4" TYP. COVER | e
(RANGE 3" TO 5 (RANGE 3" TO 57) g
=
3

- / “
e Ny
” “ m 5" TYP. COVER
fa > RE" { L ;§ D (RANGE 4" TO &")
\/ T s 1vp. cover\ || J
4x4 ANGLES (RANGE 4" TO 6"} Y7

e
7

1-6"

,
\/ i?
4x4 ANGLES

Embedded Zinc Anode System:

» Effective maximum current throw distance is up to
15”

Metalizing:
» Typical maximum effective current throw distance is 4”

to 5”

* Consider 6” radius here

» Consider 9” radius here

S O TSI AL JLe Sl e = L TIICE CIHDEUUEU] LU S ClIEl Ve
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5. Matching Concrete Repairs to Original Concrete
Texture and Color

Original

of the original concrete

» Various techniques can be used to create “board-form” texture in repair concrete
(shown here from another project)




Mockups During Construction

u
ppesm———— | 3 steps recommended, as appropriate:
!I::::l(-iurp ;:;r;_:‘ Mock-up Requirements Purpose L L
Rc:::‘\:rif:n:n- For cach type of removal process planned for Demonstrate effectiveness of
(';mings :nd Trial use, perform Maock-up in three arcas selected removal and protection of
Surface Repair by Engineer to include a range of existing orginal concrete surfaces
coatng conditions from damage
Treatments
For each matenial type (conventional ready-
mix, self-consolidating ready-mix, pre-
packaged for formed repairs, and shotcrete) and | Demonstrate conformance of
Ficld placement method planned for use, perform muterials and placement
cample Mock-up for the following including board- methods, as well as
mp form finish: appearance of board-form
1. Arch - top (horizontaly finish
2. Arch - side {vertical}
3. Arch - bottom (horizental underside)
For cach of following types of repair, perform
Conerete Surface Mock-up using the material type and placement
Repair method planncd for use and include board form | Demonstrate conformance of
finish: materials, preparation
1. Arch - top comer (including cleaning, coating
Trial 2. Arch - side of cxposed steel truss member
repair 1. Arch - bottom comer and reinforcing bars, dowel
4. Arch - top installation), placement and
5. Arch - bottom {underside) curing methods, as well as
6. Pier - ventical face appearance of board-form
finish
Perform pull-off testing as outlined in SB-
13.29. 1 Conerefe Surface Repair for each type.
Perform Mock-ups for the anode types as
follows:
1. Type A - Distributed galvanic anode for
congrete surface repair; Incorporate into | Demonstrate conformance of
arch comer trial repairs for Congrete malcrials, preparation
Trial Surface Repair {including anode-to-steel
Gialvanic Anodes rwair 2. Type B - Discrete galvanic anode for connection and anode
P concrete surface repairs: Incorporate inte | securing methods) and
arch comer and pier venical face wrial placement methods for
repairs for Concrete Surface Repair embedding mortar
3. Type C - Discrete galvanic anode for
sound conerete: Tnstall on top of arch at
location identificd by Engincer
Faor each of following types of crack repair,
perform Mock-up using the material types
planned for use:
. - Crack I Type | Crack Repair Demonstrate conformance of
;l_“fc.mf’r(_‘r'_ | Trial 2. Type 2 Crack Repair materials, preparation and
\|\I.n| (Types repair 3. Type 3 Crack Repair placement methods, as well as
through 5) 4. Type 4 Crack Repair appearance of crack repairs ) s 9
5. Type 5 Crack Repair - .
Mock-ups to include Special Surface Finish 11 . g d
Base Com 2) Field samples- made at 3) Trial repairs — made on
Specifications for mockups on Bl SIE DU SO O - B structure, left in place if
p p v 20, 2020 R t d
placement, serve as mobile accepte

3rd Avenue Bridge




Drone Flyover Showing Current Status
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