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INTRODUCTION

The purpose of this Grout Operational Plan is to specifying correct installation, inspection, and
documentation methods for compliance with the project specifications and ensure the
adequacy of the corrosion protection of the prestressing steel and the bond between the
prestressing steel and surrounding concrete (if applicable).

The plan is based on the Contract Documents, DSI Post-Tensioning Drawings, Project
Specifications, PTI Guide Specification for Grouted Post-Tensioned Structures, and past
experience and the requirements of the specific project specifications.

The plan is divided into six major sections:
Material
Equipment
Personnel
Procedures
Testing
Documentation

Appendices are included for additional details, record keeping, and field use, and will include
specific materials or equipment for the project.
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- REQUIREMENTS
- TYPE

- QUANTITY




DYWIDAG-SYSTEMS INTERNATIONAL m

MATERIAL REQUIREMENTS
Grout shall be a commercial, prepackaged, cement-based grout meeting the requirements of
the Special Provisions and subject to the approval of the Engineer.
Grout Material will be provided with the following information on the bag:
Date of Manufacture
Lot Number

Mixing Instructions

Quality Control Data Sheets for each lot number and shipment of material which is delivered to
the project will be provided to the Contractor and furnished to the Engineer as required.

The date of manufacture of the grout shall not exceed six months.
Grout shall be mixed according to the manufacturers recommendations.
Grout shall have non-bleeding characteristics.

Grout shall contain no aluminum powder.
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MATERIAL QUANTITY

Below are to grout calculations for longitudinal tendons:

Grout Quantities

Bar
# Length per
Tendon Description Tendons ft Tendon
T1-TS Straight 5 31.42 1
T1-T12 Straight 10 32.67 1

Bar
Bar
Area
Sg-in
1-3/8” 1.58
1-3/8” 1.58

Duct
Area

Sg-in
4.227

4.227

Net Duct
Area
per

Tendon

Sg-in per
ft.
56.35

56.35

Net Duct
Volume

per Tendon

CF
1.02

1.06

Total
Volume

CF
5.12

10.64
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EQUIPMENT REQUIREMENTS

The Contract Documents require the use of a high speed shear colloidal mixer and pump which
will provide continuous mechanical mixing. Mixing duration shall be adequate to obtain a
uniform, thoroughly blended grout without excessive temperature increase.

The grout pump shall be a positive displacement type pump, capable of producing a minimum
outlet pressure of 145 psi, with seals adequate to prevent oil, air or other foreign substances
entering into the grout and to prevent the loss of grout or water.

The maximum grouting pressure shall not exceed 145 psi at the inlet. -

/10-50 ps" P
Normal grouting operations shall be performed at approximately@p{

A pressure gauge with a full-scale reading not exceeding 300 psi shall be located in the grout
injection line between the pump and the grout injection port.

Screens shall be used to prevent entry of lumps, etc. into the pump. Maximum screen openings
shall not exceed 1/8-inch or 3/16-inch is a grout with thixotropic properties.

The grouting equipment shall be capable of maintaining the specified maximum grouting rate of
50 linear feet per minute.

A calibrated water reservoir and/or water meter shall be present to provide accurate
measurement of batch water.

The tendons will be grouted in less than thirty minutes.

Flow cones shall be used to measure the efflux time at the mixer prior to injection and at the
terminating outlet.

Standby grouting equipment shall be present during all grouting operations.

Vacuum grouting equipment shall be readily available to the site in the event voids are detected
after grouting within 48 hours of detection.

. 72(e) (4 of Hhe Spec.,
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EQUIPMENT TYPE

GROUT PLANT:

DSI will provide a modified CG-600 series grout plant manufactured by Chemgrout for all
grouting operations. The plant features the following:

¢ High Shear Colloidal Mixer (13 CF)
e Agitated Storage Tank (13 CF)
e 20 GPM Grout Pump

The high shear colloidal mixer is centrifugal diffuser-type pump which circulates the grout
mixture in excess of 1500 RPM providing a mixture with superior physical properties.

The 13 cubic foot storage tank provides continuous agitation of the grout prior to injection as
well as uninterrupted mixing and pumping.

The grout pump is a progressive cavity, positive displacement, rotor-stator pump or piston
pump.

A gauge will be present on the pump and / or inlet if hose is in excess of 100 feet, to allow
monitoring of pressure.

A screen will be installed at the upper portion of the storage tank to prevent lumps, etc. from
entering into the pump.

50ft x 1-1/4" inside diameter hose will be utilized during grouting to transfer the grout from the
pump to the point of injection. If necessary, additional 1-1/4” diameter hoses may be used to
extend the length of the injection hose.

Under normal conditions, the grout equipment is capable of continuously grouting the longest
tendon on the project in 30 minutes or less.

10
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EQUIPMENT TYPE (cont.)

ACCESSORIES:

A water meter and/or calibrated water reservoir will be present to provide accurate
liquid measurements of batch materials.

The water reservoir, if used, will be capable of measuring from 2 to 45 gallons of water. A clear

sight-tube on the exterior of the reservoir will be calibrated on site.

Standard 1-1/4" diameter rubber hoses with quick coupler disconnect will be used for extending

the length of the grouting hose as required.

If there is a possibility of stage grouting, all grouting hoses will be placed along tendon paths as

deemed necessary prior to production grouting.

The end of the grout hose may be fitted with a ball valve to stop the flow of grout at the injection

location as required.

'9/”/235 w‘reop /96/‘"\)5 cuey, Z_MS ° [Jmurﬁ.l‘rj i

Flow gones will be used to measure the efflux time of the grout at the plant prior to injection of
theffirst tendon each d@A flow cone will also be present at the tendon outlet to measure the
efflux time of the grout which has been exhausted at each outlet.

Thermometers will be used to measure.the ambient temperature and the temperature of liquid
and solid grout materials. S0 ° Aax @ rptep end o4 5ot hise. Temp Yo e
< ecze.-,/ %u(é .

Standard five gallons buckets will be used to assist in efflux test and containing waste grout.

Plastic sheathing and tarps will be used to protect the surrounding area from the grout.

See Appendix B for Equipment Details.

11
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DS |

EQUIPMENT QUANTITY

The following table provides the minimum quantity of equipment required to properly execute

the grouting of the post-tensioned tendons.

DESCRIPTION

PURPOSE

Colloidal Grout Plant / Standby

Grout Plant

Water Meter / Water Reservbir

Water Measurement

50ft x 1 1/4" Grout Hoses

Primary Grout Hoses

50ft x 1 1/4" Grout Hoses

Stage Grouting Hoses

3/4" Ball Valve Grout Injection Nozzle
3/4" Ball Valve Stage Grouting Injection
Nozzle
Flow Cones Measurement of Efflux Time
Thermometers Temperature Measurement

375 cfm Air Compressor

Power for Grout Plant

5 Gallon Buckets

Waste Grout and Testing

Plastic Sheathing

Weather Protection for Grout

12
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PERSONNEL

- Requirements

13
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PERSONNEL REQUIREMENTS

Grouting personnel that are responsible for direct supervision of grouting operations in the field,
such as the foreman of the grouting crew, shall have a minimum of three years of experience on
previous projects involving similar grouting. A written experience record or training certificate
for each supervisor involved in grouting operations shall be submitted to the Engineer for
approval.

Grouting certifications will be provided approximately 2 weeks before commencement of
grouting activities.

14
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PROCEDURES

- PRE-GROUTING
- PRODUCTION GROUTING
- POST GROUTING

15
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PRE-GROUTING PROCEDURES

All OSHA standards shall be followed. Safety glasses, gloves, dust mask, and other
protective equipment shall be used as required.

After Engineer's approval of stressing operations, the strand shall be cut 3/4 inches from
the wedge with an abrasive saw or other acceptable means.

Inspect anchorage bolt holes and grout tube ports for obstructions and re-tap if
necessary. Check surface of anchor and clean if necessary for cap sealing.

Install permanent non-metallic grout caps and grout vents at anchorage locations.

Install plugs or valves at vent locations.

Purge all tendons with oil-free compressed air to remove water and debris.

Air pressure test each tendon as detailed in the Contract Documents.

Check all locations and grouting accessories with oil-free compressed air to locate leaks
within the tendons or grouting accessories. If found, repair all leaks to the satisfaction

of the Engineer.

Set up grout plant, power unit, grout materials, water supply, back-up equipment,
measuring devices, grout hoses, and testing apparatuses.

Calibrate water reservoir and / or other measuring devices as required.

Protect all grout material from the elements with plastic sheathing or tarps.

16
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PRODUCTION GROUTING

In general, tendons shall be grouted as follows: Grout will be injected into the tendon
from the live end anchor and vented at the dead end anchor for all tendons. In the event
stage grouting is necessary, grout will be injected into an intermediate vent, provided

grout has been ejected from the vent. Ca/a”.é v which ead s P A em/
Vs. wheh oend s “/oe”
e)"-/.n Hlee "4;.-;, )442 SQIVQ?

FIELD GROUTING PROCEDURES :

All OSHA standards shall be followed. Safety glasses, gloves, dust mask, and other
protective equipment shall be used as required.

Grouting shall not occur when the air temperature is below 40 degrees (F). The
temperature of the grout material shall not reach less than 45 degrees (F).

Open all vents prior to initial grout injection (with the exception of low point drains if
present).

Add water to the mixing tank followed by the grout and mix until a uniform, thoroughly
blended mixture is obtained. Do not over-mix. Mixing time should be approximately
three minutes.

Take a sample of the mixture and perform the applicable efflux test as required.

If efflux time falls within the required range, proceed with injection. Should efflux time be
greater than 20 seconds, adjust mix by adding water. Should efflux time be less than 9
seconds, waste all mixed material, clean grout plant, and re-batch with adjusted water
content. Water may be added only in accordance with the manufacturer’s
recommendations.

Monitor grout flow by manually checking air displacement at the vents.

See Spec,: Epp/u)/ Frre s Yo 9/' .2y £ se{o#ﬂ’ ol )L/‘ o
esA é/.BJQJ /NP /b, fosan.

3 e
VA ?f‘e—- G faut /"{QG/.\" s “J/GU”’("&C’{A/, G‘fvv/a‘z Gew/ 44_/6@;4:3

7% 3¢ vsg ‘»—\—-j u,b/ofséq&ﬂjrouk':j S vafpg /b/qq/
Ce o#oj 74543, Q’J Corrachve Droce jwes‘
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PRODUCTION GROUTING (cont.)

FIELD GROUTING PROCEDURES (cont.)

Control grout flow by adjusting the operating speed of the grout pump. The flow of grout
should be maintained such that the tendons are grouted at a rate of 16 to 50 linear feet
of duct per minute and the pressure stays between the range of 10 to 50 psi.

Sequence of grout valve closures

Close grout cap vent and grout port at the terminating anchorage(end opposite the grout
pump) after air and/or water, and acceptable grout has been wasted from the vent and
anchorage grout port.

Close intermediate grout vent(s) in sequence (working backward toward the grout
pump) after air and/or water have been expelled and acceptable grout has been wasted
from the vent.

If required, take a sample of the grout that has been wasted from the final outlet and
perform an efflux test in accordance with the Contract Documents. The efflux time shall
be within or exceed the maximum efflux time allowed. If the efflux time is not
acceptable, additional grout shall be discharged and tested until the efflux time falls
within or exceeds the maximum efflux time allowed.

After closing the grout vent at the final outlet, the tendon shall be pressurized with
additional grout to a minimum pressure of 50psi and wait two minutes to determine if
any leaks exist. If no leaks are present, bleed the pressure to 50 psi and wait
minutes for any entrapment of air to flow to the high points. After the minute period
has expired, increase as needed to discharge grout at each high point to eliminate any
entrapped air or water. Complete the process by locking the pressure of 30 psi into the
tendon.

Close injection vent while the tendon is under pressure. .
If flow of grout cannot be maintained, the tendon shall be adequately flushed with water

and/or compressed air. The pressures during the flushing operation shall not exceed
145 psi.

18
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POST GROUTING

Grout valves, plugs, or other accessories shall not be opened or removed until the grout
has set.

There shall be no loading or other operations on the structure that will subject the grout
to shock or vibration for a period of 24 hours.

After grout has set, generally 24 to 48 hours, and in the presence of the Engineer, the
grout caps shall be sounded in order to detect possible voids within the grout cap.

The anchorage grout vents shall be cut flush with the anchorages and inspected for
possible voids in the trumpet area immediately adjacent to grout port.

All intermediate vents shall be cut flush with the concrete and inspected for voids.
If voids are present in either the cap or vent locations remedial work shall not be

performed without approval from the Engineer.

In the event that grouting is aborted or interrupted for any reason, the duct shall be
flushed with water at the discretion of the Engineer and immediately air dried using oil-
free compressed air. Grouting will re-commence once the reason for interruption is
resolved. ~

If voids are located after grouting is completed, vacuum grouting shall be performed.
Vacuum grouting equipment will be on-site in case of this occurrence within 48 hours.

19




DYWIDAG-SYSTEMS INTERNATIONAL m

TESTING

TESTING : y . o
ﬁe y SXe— vek ov e~ elkar Ovrs
(‘ 70" == :(D'{jd/—'ovfss : See spec Sethba F2= ((j (9)

Perform fluidity test on(initial grout mix)to determine the efflux time and the allowable
water content.

Fluidity testing shall be in accordance with the Contract Documents.

Ambient and grout temperature shall be measured.

The maximum grout temperature shall not exceed 90 degrees Fahrenheit.
Grouting shall not be performed if the ambient temperature is less than 40 deg

Fahrenheit. < peu\al Proy.
Se cAdv ;

4/50 41—/ S — oo :Dens.:? ,és/&/OQr— . /72 /’[jé))
= OOne \Sfa-,.jx4 ¥os A e ‘27 (?&(/)/3))
he P ressu e g/Peg/\:j PP e /7 /,?2 (,[7//))
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DOCUMENTATION
DOCUMENTATION .

Ry

?L Abvé

A grouting record shall be submitted to the Engineer after the completion of grouting
operations.

The grouting record shall include, but not be limited to the following:
A) Tendon Identification
B) Date Grouted
C) Water / Cement Ratio
D) Injection Location(s)
E) Ambient Temperature
F) Grout Temperature
G) Efflux Times
H) Maximum Grouting Pressure
[) Grouting Duration |

J) Quantity of Grout Injected, To be determined by the number of grout
bags actually used in grouting operation.

See Appendix D for Grouting Record details.

21
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APPENDIX A

Euco Cable Grout PTX TECHNICAL DATA

EUCO CABLE GROUTPTX

HiGH PERFORMANCE CABLE GROUT

= :
&

m

= 3
<) 8
E

BUCO CABLE GROUT PTX ie formulated to produce a pumpable, nonshrink, high etrength grout. 1t providee
unpamalieled corrosion protection for eteel cablea, anchorages and rode. EUGO CABLE GROUT PTX iz extremely
fluid, and cured grout is similar in appearancs to concrete. EUCO CABLE GROUT PTX exhibits thixoiropic
properties defined in PT1 epecifications, and can be used to repair previously grouted cablea.

{ PRIMARY APPLICATIONS

* Post-tengioned cables and ducts
* Grouting of tight clearancez

|  Fearures/BENERITS

= Superior corrosion protection = Exceptional etrength
= High fluidity for easy placement * Aggpregate free
= Non-ghrink * Pumpable for a minimum of 2 hra (@ 80°F (327C)
TecHHICAL IHFORMATION
Resuir
PROPERTY @ 1.5 gal/s0 Ib (5.7 1/22.7 Kg) mix water
{imles= otherwise nated)
Flow Rate 8 10 20 seconds inital flow ™
ASTM C 939 medified *8 to 30 seconds at 30 minutes (=
Inftial Satting Time at 70°F (21°C} 810 12 hours 8
ABTMC B33 [depending on matenal and senbient tempernsture} ;‘,
Compressive Strength 7 days: = 3,000 psi {20.7 MP3) F
ASTM C 32 28 days: = 7,000 psi (48.3 NPa} 'm"
Hardened Height Change 24 howrs: 0.0% 1o D.1% 3
ASTM C 1080 28 days. 0.0% 10 0.2% 5
Piastic Expansion , a
ASTM C 850 0.0% 10 2.0% forup to 3 hours
Witk induced Bleed . .
ASTM G 840 Modified sonarding t €4 481 of the FTi O";?;:t :S":";ums
Guide Specificatian )
Schupack Pressure Blesd Test - _ -
1.9 gl b (8.7 L2227 kg i water 0.0% (6 minkies @ 100 ps)
Schgpark Pressure Béeed Test . .
1.7 geli0 a B4 /227 high ribe water 0.0% {5 minutes & BO psl) 5
Chioride Permeability L § ‘
ASTM C 1202 28 days {30V for 6 hrs): = 2,500 coulombs ‘ 8 §
*Tested under laboratory conddions with a 30 second re-mix priof to measwing the ow. 2 =
> &
EUCO CABLE GAOUT FTX is 2 free flowing powdsr designed io be mixed with water. Afiar mising and placing, the - g
color may initially appear much darker than the surroanding concrete. While this color will lighten up substantially as o
the grout cures, the grout may shways appear somewhat darker than the surrcunding concrete. ; ;

The Euclid Chemical Company

18218 Redwood Rd. = Cloveland, OH 44110 AN Cott
Phoea: [216] 531-9222 - Tollires: [B00] 321-76828 « Fax: [218] 531-9588 m Py
wreeuolidohemioal.oom
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AVAILABILITY & SHELF LiFE

=*EGO CABLE GHOUT PTX iz Made To Order (MTQ) and hias a 10 day [ead time. } has a § month shelf
fife in the original. properly stored, uncpened package.

EUCO GABLE GROUT PTX iz packaged in 50 Ib (22.7 kg) bags or pails arxl yiedds 0.54 #* {0.015 m?) of fiuid
prout when mixed with 1.5 gal (5.7 L of potable water. Yield iz 0.56 #* (0.016 m7) when mixed with 1.7 gal
{6.4 1} of poable water.

DIRECTIONS FOR UsE

If the contractor iz rwt familiar with standard grout placement techniques, a prejob meeting iz auggested 1o
review the project details unique to the particular job. Refer to the FTI Guide Specification for Poat-Tenaioned
Struetares for proper mixing, pumping and placement practices.

Mixing:

Consistency Estimated Water Comem?®

Fluid 1.510 1.7 gaifob {b (5.7 to 6.4 L/22 7kg)
Flowable 1.3 10 1.5 gal/50 b (4.9 to 5.7 Lf22.7kp)

* Do not add water in an amount that will cause bleeding. Do not add aggregate or cement o the grout since
thiz action will change its precigion grouting characteristica.

Curing and Sealing: Cure all expoeed grout by wet curing for 24 houre, then with a high solida curing and
gealing compound, such ae Super Diamond Glear or Super Diamond Glear VOX.

PRECAUTIONS/ LIMITATIONS

* To minimize bleeding in vertical applications greater than twenty feet, The Euclid Ghemical Gompany
recommends a water dosage no greater than 1.50 galf50 b (5.7 L/22.7 kg).

» Glean tools and equipment with water before the material hardens.

+ Do not add any admixture or fluidifiers.

» Do not uge any more or lees water than what is apecified above.

* Store materals in a dry place.

» Application temperature muet be 407 F (4° C) or above and remain eo for 24 hours after placement.

= Employ cold weather or hot weather grouting practices as the temperature dictates.

+ Rate of atrength gain and eetling times are significantly affected at temperature extremes.

= The Euchid Chemical Gompary iz not responzible for strass corragion caueed by ingredientz in the flushout,
eaturation, or mixing water, or for contaminants efther in the apace heing grouted or from other mateniala used
in the syatem.

« In all caees, corault the Material Safety Data Sheet befora use.

Rov. 11.12

WARRANTY Tr Eudd Ghwial Gorrpay [ Eaciay s ; e from Srcts i i and WERTREIHE for SrE (1) 3w Yo S ohee of purchice, Lniszz oz
i wrbing by an oo = EusH. n2 s nprasaaiion: tr rieenacks ~uss oy Eomid or 32 mpmzsrixSoe. boatiing or ool ahad she iz wamuy, EUCLID WASES KO WAPRAHTEY. SLED O CTREMVEE.
28 TOTHE NEFCHANTASLITY 068 FTHRES Y FIP CRIFASe QF RSO SUNSIEES OF TS N AHD ESTLITES THE SANE, Fary Bl 8 wHhthE weraty, Fudd Ty
Frotuct o amni 2 Baywe Mepleswmadd s wny Srochtt chet Se b 3ol and mzhaie ready moat wed Suer St heoe 03 Sim by Docenal o cormesmEal darages, Ay WeTRy SN M be maze wit
G (1} ywar ber tha ete of e clainved 2rsaze. ELCid 0ouz 60! sUB e MTcznd o 2 EARRt D maka &y Witisn or ond Satemsmss whith b any way aRsr Euskt's nsislation ntcemaren o insrusion i e seodant
Fiwreh.es ze 20 te paziaging lebez, Smy insalafon of Eusic produciz weich s I 22 s rus rotaleion imomrkn o insrusizas sealiveid i wimany, Frodoot Semonsians #any. ars Sora o ifurinie
Firpzaas o Ao oo o TorriAe x LTSS T fATAl Bemion f any bl By hal b Toaly nzporcids for Srseinig Ea rukabdny of fusid’s produce orthe By s rance pupeez.
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The tentative Grout Mix Designs will be as follows:

Euco Cable Grout PTX 50 Ibs.
Potable water 1.50 gallons
Percentage of water 26%

Grout and water shall be mixed for approximately 3 minutes after the addition of the last
bag of grout or until a homogeneous mixture is achieved.

24
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APPENDIX B

EQUIPMENT & ACCESSORY DETAILS

COLLOIDAL PLANT

=
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APPENDIX C

GROUTING RECORD

DS |
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