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« Main magnetic flux method

« Magnetic flux leakage method

« Pulsed eddy current examination method
« Magnetostrictive sensor technology

« Microwave thermoreflectometry

« Remnant magnetic system

« Vibration method

« Ultrasonic pulse velocity

» Acoustic emission

« Computerized tomography

* Impact-echo
« Sounding
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X ~— Remove grout sample
and patch with grout

\ mortar

=+ Concrete

Altach a new piece
of PE Duct

‘Weld the new piece of PE Duct
to fuse with the existing Duct
along the cut line.
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FE

= (HMWMS: High
Molecular Weight Methacrylate)

PTI/ASBI M50.3-19

Specification for Multistrand
and Grouted Post-Tensioning

e d HMWM.
to be coated and apply the HMWM in accordance with
the manufacturer's specifications.
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Access Opening and Blockouts

Reinforced Concrete
(see contract details
for requirements

High Molecular
Weight Methacrylate

Roughen Existing
Concrete

Hole in Slab

15.0 — REPAIRS OF HOLES AND ACCESS
OPENINGS

High Molecular Hole
Weight Methacryfate‘\

P
< i

15.1 — Openings C15.1 — Openings
Repairall holes and access openings with an approved  Proper surfuce preparation is required to provide bond of
repair material of the same or higher strength than  the repair to the structure
the concrete in that structural member, in accordance
with the Contract Documents. Provide a keyed joint for Refer to Appendix B for typical repair details for holes,
access openings and blockouts. Sequence of closing  blockouts, and openings.
<= of access holes shall be as early as possible to poten-
tially gain the benefits of compression provided by
subsequent post-tensioning.

s

2 oy

p )7- & Before performing the repair, mechanically clean and
b 2 Yy roughen the existing concrete surfaces to remove

any laitance and expose the small aggregate. Flush

surface with water and blow-dry with clean, oil-free
Over Core to compressed ai. Form, mix,pac, and curs the repai
material in strict compliance with the manufacturer's

Key in Repair recommendalions.

Coat the repaired holes, blockouts, and openings
over an area extending 6 in. past the perimeter of the
repair with an approved HMWM. Prepare the surface
to be coated and apply the HMWM in accordance with
the manufacturer's specifications.

PSC @ ZO0| - Hjo| M 10 -;z:m:’,,,

DAOR E&C CO,, LTD.

Epoxy Mortar or
Non-shrink Grout



LA BT HAL: 7

°
\d

22 g2TYE (EN 1504-3:2015)

— Entwurf —

A : E EUROPEAN STANDARD DRAFT
o ET T'__E. El Egl- % EI- NORME EUROPEENNE PrEN 15043
EUROPAISCHE NORM
[ | I_I A-I II July 2015
- =818 8% s =
Engizh Version :
A= A ‘48 7|&(Class R4) situres - Detaions, requbements, qualty conol and AVCh -
1 Compressive strength EN 12190 > 45 MPa e . .
2 Adhesive bond EN 1542 > 2.0 MPa T e A e A
3 Elastic modulus EN 13412 > 20 GPa KZZE“;_Wm,.,_:m:w;m@l";;?:_?:“l“
4 Flexural strength EN 1015-11 > 8 MPa noustpo S —
Part 1 De-icing salt immersi Z“;;:;:;;Ewm:mm:_m#_ﬁ_&
on :w;hw arcin, Mormary, Pownd, Potugel Romene, Sovebia, Sovnis, Spein, Sweden, Swittetand, Turkey and Usted
2 Bond strength after 50 cycl EN 136871 ) ,.;“';.f‘:”ﬂ”’" s S
es 0
Thermal co Part 2 Thunder shower > 2.0 MPa :
6 mpatibility Bond strength after 30 cycl EN 13687-2 - ; E
es
Part 4 Dry cycling
7 Bond strength after 30 cycl EN 13687-4 i
es : mm——————
8 Shrinkage EN 12617-4 < 0.90 %0 f P SmmReLTy e
9 {
9 Swelling EN 12617-4 = el A’g g | e O e .
10 Creep in compression EN 13584 value declaration
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. JjEH HAXHE (EN 1504-3:2015)
AL 3 E EUROPEAN STANDARD — EMMWUrf— pRapFT
° E _I_ﬂ E’l EQI- % EI- NORME EUROPEENNE PrEN 1504-3
EURCPAISCHE NORM
A-I ity 2015
. LH ; o ICS 01.080.31; 51.050.40 W supersede EN 1503-3:2005
Engih Version :
A= Al d57|&(Class R4) strociuron - Defiations. requroments. qualty comiol an AUCH -
X . Part 3: Repair concrete and mortars
1 Chloride ion content EN 1015-17 < 0.05% o 4o e o
2 Carbonation resistance EN 13295 di < contro(l) ch)r;crete (MC ( ;‘;"j""*: — gt ;;;:,t_:m -
Coefficient of thermal EN 1770 vallue dedersiien ;::;:-::::-;‘Eﬂmmmz“ -
expansion R R R e S o o B o et
4 Capillary absorption EN 13057 < 0,5 kgm>h?> A,
_2 whall ot f et 1 e a Eurspean Sarsderd
. . <
5 Frost resistance CEN/TS 12390-9 Cllees 71l < @00 g

Class F2: < 1200 gm™

NTATREETE A0S 18 1108

EN 480-14 with EN 934 No evidence of corrosion-p

6 Corrosion behaviour 1 romoting effect.

Class I: > 40 units wet teste

CEN-CENELEC Managament Casire: Avenss Mamis 17, B-1000 Brussels

Aurrren Gt e S Senenti b o A

d
7 Skid resistance EN 130364 128 Il > 40 nits dly teste
Class lll: > 55 units wet test T
ed
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% RELATIVE HUMIDITY

TEMPERATURE Deg. C

+ PPLData

e CE M.C =0.003k —CE M.C =0.007k
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Standard Life Building Initial Measurements
Post-Tech CE* Test Results

©
=1
o

@
3
=1

~
o
o

UMIDITY
3
5

o
S
=1

% RELATIVE H
8
=

@
=)
o

9]
S
o

o
o

o
=)

@
o

200 250
TEMPERATURE Deg. C

* Data =——CE M.C.=0.003k =—CE M.C.=0.007k

Standard Life Bldg. Final Measurements
Post-Tech CE* Test

o
T

)
=4
o

o

=@
o 8
o o

oz >

@
3
o

@
8
o

&
o

B % O

% RELATIVE HUMIDI

w
=1
o

15.0 20.0 250
TEMPERATURE Deg. C

| + Data =——CE M.C.=0.003k ——CE M.C.=0.007k

PSC QZ 0| H|O| M 17 !mm:!,,,

DAOR E&C CO,, LTD.



— = (Pressure) &

'I'
.I.I.

FZ(Vacuum) ¢

+ 21 & (Pressure+Vacuum) ¢

I
1

« PTIl Impregnation

- 3| =(Anode protection)
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PTI Impregnation
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“EFFECT OF VOIDS IN GROUTED, POST-
TENSIONED CONCRETE BRIDGE
CONSTRUCTION" 2009

TxDOT 0-4588-1 Vol-1 Effect of Voids Tn Grouted Post-Tensioned Concrete Bridoe Construction
for research the influence of new repair gro tendon corrosion, especially at the
interface between existing and repair gro This interface could possibly generate a galvanic
corrosion cell. How the validity of this argument needs to be investigated. It was also

observed that many tendons were not completely sealed during the original construction. This

likely enabled moist air from the environment to enter the voided ducts and accelerate corrosion

of the exposed tendons.

Figure 2-7. Varina-Enon Bridge, over the James River, Virginia (Roadstothefuture 2009).

Figure 2-8, Tendon Corrosion in Varina-Enon Bridge, Virgini

22
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“Embedded Galvanic Anodes
Increase Sustainability of

Reinforced Concrete Structures”
2003

pucks are p ly used in rehabilitation i such as patch repairs (Figure 1),
and joints. between new and existing concrete. They are typically installed at the
perimeter of a repair area by using their built-in tie-wires to fasten them to the exposed
reinforcing steel. When a suitable concrete or rrmriﬂr is placed around the anode, its
core will begin to ificially protect the W

A similar cylindrical anode is also i .64 i long by 4.3 i in
diameter. The primary differences between this anode and the puck are in its exterior
shape and the shape of its zinc core. This anode is designed for installation ina 5
centimeter wide drilled hole (Figure 2) in mechanically sound concrete, Its core shape
has been designed with multiple fins to maximize anode surface area. This anode is
oonnedkd to the reinforcing steel by a single steel lead wire. These ancdes are used

ions where ion activity is already occurring or expected to
occur but has not progressed to the point of causing physical deterioration.

The most recent P it is the of an even smaller cylindrical anode,
or “pellet”. The pellet is 19 mm in diameter, and 25 mm long. Itis placed ina 19 mm
hale similarly to the larger cylindrical anode. Aside from its compact size, the pellet
anode differs significantly in its composition having no outer cementitious shell. In the
two anode i the zinc core is surrounded by a f.:emenlltlcus shell
which contains chemical additives that maintain the zinc in an “active”
state. In order to reduce the size of the pellet a new manufacturing process was used
incorporating the activators into the zinc and eliminating the need for a bulky shell.
There are currently two versions ollrus anode available, the standard anode and one
with a built-in lead wire. C lation is accomp by drilling a 19 mm hale
to make direct contact with the rem!orung steel (Figure 3). After removing all dust and
debris from the hole, the anode is placed in the hole and driven against the reinforcing
steel with a mallet and punch. The anode deforms against the steel, simultaneously
making an electrical and hanical e tion. The inder of the hole is then
filled with a suitable grout material. The alternate version of the pellet has an attached
lead wire. This version of the anode is used in situations of very shallow concrete cover
{less than 38 mm) when there is not enough depth to place the anode on “top” of the
reinforcing steel. These anodes are installed in a similar manner to the cylindrical
anodes, with a two-hole method.

Applications
Repair and ion of L offers many unigue challenges from a

ion perspective. In particular the "Ring-Ancde” effect, also called the "Halo effect
isa that is dbutisa cause of p

patch-failure. The principles of chloride-induced corrosion are well underslaad. and
corrosion is known to be an electrochemical reaction. Much like a battery, all corrosion
cells have an anode and a cathode. During the corresion process the anodic portion of
steel is converted to iron oxide (rust). The nng-anode effect results in an increase in
comosion activity caused by the electr tibility created bety

reinforcing steel within a patch area and the steel emb dded within the ing
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pucks are primarily used in rehabilitation applications such as patch repairs (Figure 1),
and joints between new and existing concrete. They are typically installed at the
perimeter of a repair area by using their built-in tie-wires to fasten them to the exposed
reinforcing steel. When a suitable concrete or mortar is placed around the anode, its
core will begin to ificially protect the i i .

A similar cylindrical anode is also avail 6.4 i long by 4.3 i in
diameter. The primary differences between this anode and the puck are in its exterior
shape and the shape of its zinc core. This anode is designed for installation ina 5
centimeter wide drilled hole (Figure 2) in mechanically sound concrete, Its core shape
has been designed with multiple fins to maximize anode surface area. This anode is
connected to the reinforcing steel by a single steel lead wire. These anodes are used
i ly in applications where ion activity is already occurring or expected to
occur but has not progressed to the point of causing physical deterioration.

N
(]
[
m

o
Im

2 PH

Il

The most recent p is the of an even smaller cylindrical anode,
or “pellet”. The pellet is 19 mm in diameter, and 25 mm long. Itis placed ina 19 mm
hale similarly to the larger cylindrical anode. Aside from its compact size, the pellet
anode differs significantly in its composition having no outer cementitious shell. In the
previous two anode ions, the zinc core is surrounded by a cementitious shell
which contains chemical additives that maintain the zinc in an i “active”
state. In order to reduce the size of the pellet a new manufacturing process was used
incorporating the activators into the zinc and eliminating the need for a bulky shell.
There are tly two ions of this anode avail the standard anode and one
with a built-in lead wire. C i lation is accompli by drilling a 19 mm hale
to make direct contact with the reinforcing steel (Figure 3). After removing all dust and
debris from the hole, the anode is placed in the hole and driven against the reinforcing
steel with a mallet and punch. The anode deforms against the steel, simultaneously
making an electrical and hanical tion. The inder of the hole is then
filled with a suitable grout material. The alternate version of the pellet has an attached
lead wire. This version of the anode is used in situations of very shallow concrete cover
{less than 38 mm) when there is not enough depth to place the anode on “top” of the
reinforcing steel. These anodes are installed in a similar manner to the cylindrical

.

il
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anodes, with a two-hole method.
Applications
Repair and ion of offers many unigue challenges from a
i ive. In parti the "Ring-Anode” effect, also called the "Halo" effect
isa that is dbutisa cause of p

patch-failure. The principles of chloride-induced corrosion are well understood, and
corrosion is known to be an electrochemical reaction. Much like a battery, all corrosion
cells have an anode and a cathode. During the corresion process the anodic portion of
steel is converted to iron oxide (rust). The ring-anode effect results in an increase in
comosion activity caused by the electr ical i patibility created bet

reinforcing steel within a patch area and the steel embedded within the ding
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“How Do Galvanic Anodes Work?”

Vector'

Galvashield®
Galvanic Theory and Application

How Do Galvanic Anedes Work?

GALVANIC SYSTEMS

current 1othe stesl iha mitigales the farmation of new comasion sites

When two dissmiar mata) inan sectrdiyte, the
etal with the higher polertial for corrosion (more: negatrve voltage)
il comrede In preference 1o ihe more nols metal |n concrete fapar
5. the ains core of the galvanic anede wil carode and
provids an elecical current 1o the renforeing steel fhat miligsles
cerrasion actvty.

Wetal Voits”
Magnesium 175
Zinc EXT)
Auminum sioy (5% Znl Er
Stedl in concrele 0201 038

Tyl palentis mesiared Wil 4S5 10 CaDp-E St Sulth secBace

Gorrasiondnduced Repair
it conceets is repaired i1 acsordance wih indusiry guiteines
whieh require the removal of canerete conlinues unlil ean stecl 1
ncountered snd the: cleaning of corTosion by-products from e Al

of ine steel (ICR| Gudeines Ne. 03730), t process
of replacing Gamaped concrete wil generally scdress sress of the
structre wih he highest Ievel o cormesion selily

The new palch repair wil prolect (he reinforcing embedded in the
Fopair Zone, but Iy many cases the remaining concrefe will St be
chiorise-contaminsted andier carbonaled. This stusticn cresles &
high poleriie! for the fomstian of new corrosion stes or “hal spols”
sfacent 10 the repair If Ihis cecurs, sddlicndl palching may be
Foguired n a Mtle 0% tres to fve years

(pegran:
e . gy

Py s st

Patch-Accalerstod Carvasion Call

Corrosion Prevention

Nioouze8osan revenion sty s whan o it i

I eav e oo sy aon g i s s
Hithe irs. Galvashield XP range of emibe
D s
B

The resalt of s
sirategy s an econcrmical extension of the senvice lfe of e concrle
repe.

Patch Conrainiag Gaivashioi Anode

Corrosion Contral

corosion conbrdl siralegy can be uthized when sites of acive
corrcsion remain afler concrele temoval To cortrol melive coroson,
8 higher level of protective current is reaured than for zanosion
prevention. Cormosien conlrel may be prefemed when

+ Active comesion is present beyond the siea Lo be repsred
ert

* The repalr prosedures do not raqus
unk cieen sisel s encountared

re cencrete remeval [0 Continge

Galvashield XP+ range of embeddzd gahvanic: ancde units installed
arcund the permeler of the paich repair are designed fo sgaifcantly
reducear

the patch. Ifa broader area of corrossen conlrd s desied, Galvashieid
ce e

i the remaining unrepsited bud cenlsminated aress
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Vector'

Galvashield®
Galvanic Theory and Application

How Do Galvanic Anedes Work?

GALVANIC SYSTEMS

current 1othe stesl iha mitigales the farmation of new comasion sites

result of his

When two dissmiar matals E inan sectrdiyte, the
etal with the higher polertial for corrosion (more: negatrve voltage)
wil coede In preference Lo he more nodle melal | conerete repair
appicalions, Ihe zing core of the galvanic wnode wil carode and
provids an elecical current 1o the renforeing steel fhat miligsles
cerrasion actvty.

Il rE2 oz

OK

Wetal Voits”
Magnesium 175
Zinc EXT)
Auminum sioy (5% Znl Er
Stedl in concrele 02012 035

€ o, ko VI 5904110 ot St ol

Gorrasiondnduced Repair
f concrete is repaired i1 scoondance: wilh indusiry uidsiines:
whieh require the removal of cencrete conlinues unll dean s
ncountered snd the: cleaning of corosion by-products from the
excumésrence of ine steel (ICR| Guideines Ne. 03730), I process
of replacing Gamaped concrete wil generally scdress sress of the
structre wih he highest Ievel o cormesion selily

profect (he reinforcing embedded in the
ropair zone, but In many cases the remaining concrete wil
chiorise-contamnsted andier carbonaled. This stusticn crestes
high poteriie! for the fomstian of new corrosion stes or "t spols
sfacent 10 the repair If Ihis cecurs, sddlicndl palching may be
Foguired n a Mtle 0% tres to fve years

The new palch repair w

Patch-Accalerstod Carvasion Call

Corrosion Prevention

Alocal280 co(1o50n presention Sratagy 1 Used when te cbieete s

10 prevani new caTosion iy fom matng It e S1es adjacent 1o
iha 000, Galmshio XB e s i
Eimiatcn srowel e pewneter of s pak rps

pravide a golvanic

27

PSC 2Z 0| = H|0[d

siratugy s an econcrmical extension of the senvice
repeir

 of the concrele

Patch Conrainiag Gaivashioi Anode

Corrosion Contral
rosicn conirl strategy can be uthzed when sites of acve
corrcsion remain afler concrele temoval To cortrol melive coroson,
8 higher level of protective current is reaured than for zanosion
prevention. Cormosien conlrel may be prefemed when

+ Act
+ The siracture i in

omresion i present beyond e sres 1o be repsred
i severely comosve environment
e concrele i conteminaled wih chicrides
+ Tne structure to be pratocted hss a hign steal densiy
* Tne repalr prosedures oo nel fequire concrete femeval to continge.
unk cieen sisel s encountared

its installes
0 sgafcanly

Galvashield XP+ range of embedded gahanic mncde.
arcund the permeler of the peich repair are designed
reducear

the patch. Ifa broader area of corrossen conlrd s desied, Galvashieid
cc anode unds can

i the remaining unrepsited bud cenlsminated aress

el Il el ol
. . .
. .

DAOR E&C CO,, LTD.



