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RESTORATI ON OF CONCRETE I N HI STORI C STRUCTURES
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NOTE: This gui de specification covers the
requirenents for restoration of concrete in historic
structures.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL

1

1

1 UNI' T PRI CES
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NOTE: When | unp-sum paynent is used, this paragraph
will be deleted. |If patching is a separate pay

item the paragraph will be revised accordingly.
EE IR I Sk S S I S S I O R R R Rk kS kR S Ik S I O R Sk I S O S

1.1 Measur enent of Concrete

The quantity of concrete to be paid for will be the nunber of cubic neters
cubic feet placed in the conpleted and accepted renovated areas.
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1.2 Paynment for Concrete

The quantity of concrete, measured as specified, will be paid for at the
contract unit price. The unit price for concrete will include ful
conpensation for furnishing | abor; materials; tools and equi pnent; and for
performng work involved in repair of the areas as specifi ed.

.2 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ACl | NTERNATI ONAL (ACl)

ACl 201. 1R (2008) Cuide for Making a Condition Survey
of Concrete in Service

ACl 211.1 (1991; R 2009) Standard Practice for
Sel ecting Proportions for Nornal,
Heavywei ght, and Mass Concrete

ACl 211.2 (1998; R 2004) Standard Practice for
Sel ecting Proportions for Structural
Li ght wei ght Concrete

ACl 224.1R (2007) Causes, Evaluation, and Repair of
Cracks in Concrete Structures

ACl 301 (2005; Errata 2008) Specifications for
Structural Concrete

ACl 301M (2005; Errata 2008) Metric Specifications
for Structural Concrete

ACl 304R (2000; R 2009) Cuide for Measuring,
M xi ng, Transporting, and Placing Concrete
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AC

ACI

ACl

ACI

AC

ACI

AC

ACI

318

318M

347

364. 1R

437R

G 10

C 20
SP- 66

AVERI CAN ASSOCI ATI ON OF
( AASHTO)

AASHTO M 182

(2008; Errata 2008; Errata 2009; Errata
2009; FErrata 2009; Errata 2009; Errata
2009) Buil di ng Code Requirenents for
Structural Concrete and Commentary

(2008; Errata 2008; Errata 2009; Errata
2010) Buil di ng Code Requirements for
Structural Concrete and Comment ary
(2004) Quide to Formwrk for Concrete

(2007) Quide for Evaluation of Concrete
Structures Before Rehabilitation

(2003) Strength Evaluation of Existing
Concrete Buil di ngs

(1990) Repair and Rehabilitation of
Concrete Structures

(1992) Repair and Rehabilitation Il

(2004) AClI Detailing Manual

STATE HI GHWAY AND TRANSPORTATI ON OFFI Cl ALS
(2005) Standard Specification for Burlap

Cloth Made from Jute or Kenaf and Cotton
Mat s

ASTM | NTERNATI ONAL ( ASTM

ASTM A 36/ A 36M

ASTM C 1017/ C 1017M

ASTM C 1084

ASTM C 109/ C 109M

ASTM C 1107/ C 1107M

ASTM C 114

ASTM C 1218/ C 1218M

(2008) Standard Specification for Carbon
Structural Steel

(2007) Standard Specification for Chenical
Adm xtures for Use in Produci ng Fl owi ng
Concrete

(2002) Standard Specification for
Port| and- Cement Content of Hardened
Hydr aul i c- Cenent Concrete

(2008) Standard Test Method for
Conpressive Strength of Hydraulic Cenent
Mortars (Using 2-in. or (50-m) Cube
Speci nens)

(2008) Standard Specification for Packaged
Dry, Hydraulic-Cenment G out (Nonshrink)

(2009) Standard Test Methods for Chem cal
Anal ysi s of Hydraulic Cenent

(1999; R 2008) Standard Specification for
Wat er- Sol ubl e Chloride in Murtar and
Concrete
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ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

136

143/ C 143M

150/ C 150M

171

192/ C 192M

231

260

295

31/ C 31M

33/ C 33M

39/ C 39M

42/ C 42M

457

494/ C 494M

597

618

642

78

(2006) Standard Test Method for Sieve
Anal ysi s of Fine and Coarse Aggregates

(2009) Standard Test Method for Slunp of
Hydraul i c- Cenent Concrete

(2009) Standard Specification for Portland
Cenent

(2007) Standard Specification for Sheet
Materials for Curing Concrete

(2007) Standard Practice for Making and
Curing Concrete Test Specinmens in the
Labor at ory

(2009a) Standard Test Method for Air
Content of Freshly M xed Concrete by the
Pressure Met hod

(2006) Standard Specification for
Ai r-Entraining Adm xtures for Concrete

(2008) Petrographi c Exani nation of
Aggregates for Concrete

(2009) Standard Practice for Mking and
Curing Concrete Test Specinens in the Field

(2008) Standard Specification for Concrete
Aggr egat es

(2009) Standard Test Method for
Conpressive Strength of Cylindrical
Concrete Speci nens

(2004) Standard Test Method for btaining
and Testing Drilled Cores and Sawed Beans
of Concrete

(2009) M croscopi cal Deternination of
Paraneters of the Air-Void Systemin
Har dened Concrete

(2008a) Standard Specification for
Chemi cal Admi xtures for Concrete

(2002) Pul se Velocity Through Concrete

(2008a) Standard Specification for Coal
Fl'y Ash and Raw or Cal ci ned Nat ur al
Pozzol an for Use in Concrete

(2006) Density, Absorption, and Voids in
Har dened Concrete

(2009) Standard Test Method for Fl exural
Strength of Concrete (Using Sinple Beam
wi t h Third- Poi nt Loadi ng)
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ASTM C 803/ C 803M (2003) Penetration Resistance of Hardened

Concrete

ASTM C 805/ C 805M (2008) Rebound Nunber of Hardened Concrete

ASTM C 823/ C 823M (2007) Examination and Sanpling of
Har dened Concrete in Construction

ASTM C 856 (2004) Petrographi c Exani nation of
Har dened Concrete

ASTM C 881/ C 881M (2002) Standard Specification for
Epoxy- Resi n- Base Bondi ng Systens for
Concrete

ASTM C 979 (2005) Pignents for Integrally Col ored
Concrete

ASTM C 989 (2009a) Standard Specification for G ound

Granul ated Bl ast-Furnace Slag for Use in
Concrete and Mortars

ASTM D 75/ D 75M (2009) Standard Practice for Sanpling
Aggr egat es

U S. ARMY CORPS OF ENG NEERS ( USACE)

CCE CRD-C 300 (1990) Specifications for Menbrane-Form ng
Conmpounds for Curing Concrete

.3 SYSTEM DESCRI PTI ON
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NOTE: The desi gner should coordinate this Section
with the design drawings to ensure that where the
words "as indicated" are used the sizes, positions
or other designated information is actually shown on
t he desi gn draw ngs.
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The Contractor is responsible for equiprment, materials, testing, |abor and
other items and services required to acconplish the work. Equi prent and
techni ques proposed for use in the work shall not be used until they have
been denonstrated and approved. Materials and equi prent, which have not
been approved for use in the work, shall not be stored or brought on to
CGovernment property. Provide equipnent, naterials, and | abor to
denonstrate materials, equipnment, and techni ques proposed for use in the
work. Performthe denonstrations at the site, at a time and location as
directed. The denonstration shall include surface cleaning, excavation,
surface patching (including finishing, texturing, and curing materials and
net hods), curing, safety procedures, surface finish and appearance. The
Contractor's quality control shall conformto Section 01 45 00.00 10
QUALITY CONTROL. All sanpling and testing shall be the Contractor's
responsi bility, and shall be performed by an approved i ndependent
comrercial testing | aboratory, except as otherw se specified.
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1.3.1 Conpressive Strength

Each class or mixture of concrete and nortar proposed for use in the work
shal | have a 28-day conpressive strength matching the conpressive strength
of the adjacent existing concrete in the structure as determ ned by

ASTM C 39/ C 39N for concrete and ASTM C 109/ C 109V for nortar. Determ ne
the conpressive strength of the existing concrete fromtesting of sanples
for each portion of the work in accordance with ASTM C 42/ C 42N. Take test
speci mens of existing concrete froma sound and intact representative
portion of the structure, at |ocations indicated.

1.3.2 Ai r Entrai nnent

Each class or mixture of concrete and nortar proposed for use in the work
shall have a total air content matching the total air content of the

adj acent concrete. Determne air content of the proposed m xture in
accordance with ASTM C 231. When air-entrained concrete is required for
resistance to freezing and thawi ng, the concrete shall contain an

ai r-entraining adm xture conformng to ASTM C 260 and having an air content
as indicated in ACl 301NACI 301, (Table 3.4.1).

1.3.3 Adm xt ures

Concrete may contain adnmi xtures, such as pignents, water reducers,
hi gh-range water reducers, or set retarders to provide special properties
to the concrete. Use of adm xtures shall be subject to approval.

1.3. 4 Cenentitious Content

Each class or mixture of concrete and nortar proposed for use in the work
shal | have a cement content matching the cenent content of the adjacent
exi sting concrete in order to provide uniformstrength, weathering
characteristics, and appearance of repaired surfaces in relation to

exi sting surfaces.

1.3.5 Sl unp

Determ ne slunp in accordance with ASTM C 143/ C 143, and within the
following limts:

Structural El enent Slunp in Mt
M ni mum Maxi mum
Wall's, colums, and beans 50 100
Foundation walls, substructure walls, 25 75
footings, pavenent, and sl abs
Any structural concrete approved None 150
for placenent by punping
Structural El enent Slunp in Inches*
M ni mum Maxi mum
Wal I's, colunmms, and beans 2 4
Foundation walls, substructure walls, 1 3

footings, pavenent, and sl abs
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Structural El enent Slunmp in Inches*
M ni mum Maxi mum
Any structural concrete approved None 6
for placenent by punping

*These slunp requirenments do not apply when adni xtures conformng to
ASTM C 1017/ C 1017N are approved to produce flow ng concrete.

1.3.6 Proportions of M xtures

a. Provide trial batches that contain materials proposed to be used in
the project. Make trial mxtures having proportions, consistencies and
air content suitable for the work based on nethodol ogy described in

ACl 211.1, using at least three different water/cement (wc) ratios.

In the case where ground granul ated iron blast-furnace slag conform ng
to ASTM C 989 is used, the nass of the slag will be substituted in the
equations for the termP which is used to denote the mass of pozzol an
Design trial mixtures for maximumpernmitted slunp and air content.

b. The concrete and nortar patching m xtures shall be designed using
the I owest practical wc ratio. Report the tenperature, slunp, and air
content of the concrete and nmortar m xtures in each trial batch. For
each wc ratio, at least three test specinens for each test age shal

be nmade and cured in accordance with ASTM C 192/ C 192N and

ASTM C 109/ C 109N. They shall be tested at 7 and 28 days in accordance
with ASTM C 39/ C 39N for concrete and ASTM C 109/ C 109N for nortar
Fromthese test results plot a curve showi ng the relationship between
wc ratio and strength. For each strength of concrete the maxi num

all owable w c ratio shall be that shown by these curves to produce an
average strength as specified in paragraph Average Strength.

Mat eri al s, physical and chemical properties, and comnposition of
concrete and nortar patch mxtures shall match the existing concrete to
be repaired, except that patching m xtures shall have the | owest tota
chlori des content practical and shall conformto ACI recomrendation for
maxi mum pernitted total chloride content.

c. Subnmit the results of trial mxture along with a statement giving
t he maxi mum nonmi nal coarse aggregate size, aggregate grading, and the
proportions of all ingredients that will be used in the manufacture of
each strength of concrete, at |east 14 days prior to conmenci ng
concrete placing operations. Aggregate quantities (by nmass) shall be
based on the saturated surface-dry condition. Include in the statenent
a conpl ete petrographi c anal ysis of the aggregates proposed for use in
the concrete. The statenent shall be acconpanied by test results from
an i ndependent commercial testing |aboratory, attesting that the
proportions selected will produce concrete of the qualities indicated.
No substitutions shall be made in the materials used in the work

wi t hout additional tests to show that the quality of the concrete is
sati sfactory.

1.3.6.1 Average Strength

In neeting the strength requirenments specified, the selected nixture shal
produce an average conpressive strength exceeding the specified strength by
the amount indicated below. Were a concrete production facility has test
records, establish a standard deviation. Test records fromwhich a
standard deviation is calculated shall represent materials, quality contro
procedures, and conditions simlar to those expected; shall represent

SECTION 03 01 30 Page 10



concrete produced to neet a specified strength or strengths within 3.5 MPa
500 psi of that specified for proposed work; and shall consist of at |east
30 consecutive tests. A strength test shall be the average of the
strengths of two specinens nade fromthe sane sanple of concrete and tested
at 28 days or at other test age designated for determination of the

speci fied strength.

1.3.6.2 Test Records Exceeding 29

Required average conpressive strength used as the basis for selection of
concrete proportions shall be the larger of the specified strength plus the
standard deviation nultiplied by 1.34 or the specified strength plus the
standard deviation nultiplied by 2.33 ninus 3.5 MPa 500 psi.

1.3.6.3 Test Records Less Than 29

Where a concrete production facility does not have test records neeting the
above requirenments but does have a record based on 15 to 29 consecutive
tests, a standard deviation may be established as the product of the
cal cul ated standard deviation and a nodification factor fromthe foll ow ng
Tabl e:

No. of tests (1) Modi fication factor
for standard deviation
| ess than 15 See Note
15 1.16
20 1.08
25 1.03
30 or nore 1.00

(1) Interpolate for intermedi ate nunbers of tests.

Not e: When a concrete production facility does not have field strength test
records for cal cul ation of standard deviation or the nunber of tests is

| ess than 15, the required average strength shall be specified strength plus
3.5 MPa 500 psi.

1.3.7 Sanpling and Laboratory Testing of Materials

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

NOTE: Cuidance for preparation of criteria to be
used in inspection of |aboratory facilities is
contained in NIST IR 91-4576.
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Sanpling and testing shall be performed by an approved i ndependent
commercial testing |aboratory, or by the Contractor subject to approval.
Shoul d the Contractor elect to establish testing facilities, no work
requiring testing shall be permtted until the Contractor's facilities have
been inspected and approved. Al sanpling and testing shall be the
Contractor's responsibility. Submt certified copies of |aboratory test
reports on analysis of existing concrete conposition and new concrete

m xtures, including all test data, for aggregate, adm xtures, and curing
compound. Performthese tests using an approved conmercial |aboratory or
by a | aboratory maintained by the manufacturers of the materials.
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1.3.7.1 Exi sting Concrete Testing

Take representative sanpl es of existing concrete fromareas of the
structure to be repaired at indicated |ocations in accordance wth

ASTM C 42/ C 42N and ASTM C 823/ C 823N and tested in accordance with

ASTM C 39/ C 39N, ASTM C 42/ C 42N, ASTM C 295, ASTM C 457, ASTM C 856,

ASTM C 1218/ C 1218N, [[and] [ASTM C 642] [ASTM C 114]] [and ASTM C 1084].
Eval uate aggregates in the existing concrete in accordance with ASTM C 136
and ASTM C 295. The air content of the existing concrete shall be

determ ned in accordance with ASTM C 457 and ASTM C 642.

1.3.7.2 Accept ance of Cenent

Test cement for repair concrete and nortars as prescribed in the referenced
speci fication under which it is furnished. Cenent nmay be accepted on the
basis of mll tests and the nanufacturer's certification of conpliance with
the specification. The nill test reports and certification of conpliance
shall clearly reference the applicable ASTM docunents and present the test
result data. Cenent shall conformto the specified requirenents, and where
the cenent consists of a blend of cement and pozzol an, the pozzol an shal
conformto the specified requirenents for pozzolan, and the bl end of cenent
and pozzol an shall conformto ASTM C 1107/ C 1107V and all other specified
requirenents.

1.3.7.3 Aggr egat e

Take aggregate sanples for repair concrete and nortars for |aboratory
testing in conformance with ASTM D 75/ D 75N and test themin accordance
with ASTM C 33/ C 33lv, ASTM C 136, and ASTM C 295.

1.3.7.4 Epoxy- Resi n G out
Test epoxy-resin grout for conformance with ASTM C 881/ C 881N

1.3.8 Concrete M xture

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: If it is deternmined that the concrete mxture
requires plasticizers, the requirements will be
added in this paragraph. Slunps for plasticized
concrete may range as high as 250 mm (10 i nches).

EE R R R S I R I R I R I R S R R R R R O S R R I R R R R R S R R R R

The concrete mxture shall match that of the existing concrete to be
repaired unl ess otherwi se directed and shall be designed in accordance with
[ACI 211.1] [ACI 211.2]. The mxture proportions shall include

consi deration of the finishes required.

1.3.9 For mwor k Desi gn
For mwor k design shall conformto ACI 301NACI 301 and ACI 347

1.3.10 Techni cal Service for Specialized Concrete
Obtain the service of a technical representative to oversee proportioning,
bat chi ng, mi xi ng, placing, consolidating, and finishing of concrete and

mortar, until field controls indicate specialized concrete of specified
quality is furnished.
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1.4 SUBM TTALS
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NOTE: Review submttal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project. Submittals should be kept
to the mininumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G" if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Government approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force

and NASA projects, or choose the second bracketed
itemfor Arny projects.

EE R R R S I R R R I O I R R R R I O S R R I R R R R R R R R O

CGovernment approval is required for submittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation followi ng the "G
designation identifies the office that will review the submttal for the
CGovernment.] Submt the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Detail Drawings[; C[; G |
SD- 03 Product Data

Proportions of Mxtures[; C[; G [___ 11
Qualifications

SD- 04 Sanpl es
Materials[; Cl[; G |
SD-06 Test Reports

Sanpling and Laboratory Testing of Materials
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1

SD-07 Certificates
Materi al s
5 QUALI TY ASSURANCE

Provide qualifications of workers trained and experienced in restoration of
concrete in historic structures for at |least 5 consecutive years. Provide
a list of simlar jobs identifying when, where, and for whomthe work was
done. Subnit a certified statenent attesting that the experience and
qualification of the workers (journeynen) conply with the specifications.

.5.1 Sanpl e Panel s

Submit for approval sanple panels of each m xture proposed for use in the
work. No concrete of nortar shall be used in the work until the sanples
and the represented m xture has been approved. Materials proposed for use
in producing concrete and nortar shall not be brought on to Governnent
property until the sanmples and m xtures have been approved. Evaluate
sampl es for each side of the structure, both close up and at a distance,
under both wet and dry conditions. Each patch |ocation and each side of
the structure may require a separate or different mxture.

.5.2 Detai | Draw ngs

Submit detail draw ngs conformng to ACI SP-66 and ACI 318NACI 318 and
showi ng |l ocation of architectural concrete elenents in the work, building
el evations, formmrk fabrication details, reinforcenents, enbednents,

di mensi ons, concrete strength, interface with adjacent materials, and
special placing instructions, in sufficient detail to cover fabrication,
pl acement, stripping, and finishing.

.6 DELI VERY, STORAGE, AND HANDLI NG

Del i ver cenent in suitable bags used for packagi ng cenents. Labeling of
packages shall clearly define contents, manufacturer, batch identification,
etc. Store cenent and pozzol an in weathertight buildings, bins, or silos
which will exclude noisture and contamnmi nants. Arrange aggregate stockpiles
and use themin a manner to avoi d excessive segregation and to prevent
contamnation with other materials or with other sizes of aggregates.

Rei nforcing bars and accessories shall be stored in such a manner as to
avoi d contam nati on and deterioration. Adnm xtures which have been in
storage at the project site for longer than six nonths or which have been
subj ected to freezing shall not be used unless retested and proven to neet
the specified requirenents. Store epoxy in accordance with the

manuf acturer's recomendati ons.

7 ENVI RONVENTAL REQUI REMENTS

Concrete, nortar, and epoxy adhesives shall not be placed when weat her
conditions detrinmentally affect the quality of the finished product. No
concrete or nortar shall be placed when the air tenperature is below 5
degrees C 40 degrees F in the shade. Wen air tenperature is likely to
exceed 35 degrees C 90 degrees F, concrete and nortar shall have a
tenperature not exceedi ng 35 degrees C 90 degrees F when deposited, and the
surface of the placed concrete shall be kept danp with a water fog unti

the approved curing nediumis applied. Materials proposed for use in the
work shall not be produced and placed during periods of rain or other
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precipitation. Stop material placenents and protect all in-place materia
from exposure during periods of rain or other precipitation.

PART 2 PRODUCTS
2.1 VATERI ALS

Mat eri al s, physical and chemi cal properties, and conposition of new
concrete shall match that of existing concrete to be repaired, unless
sanples and testing determne that existing mxtures and nmaterials are
faulty or non-performing. Submt a mninumof 3 sanple speci nens for each
proposed m xture at |east 14 days prior to any placenents, in order to
demonstrate range of variation of each mixture. Subnmit sanples of cured
concrete and nortar patching specimens for each m xture for comnparison with
the cl eaned structure. Sanpl es of concrete and nortar shall be

approxi mately 305 by 305 nm 12 by 12 inches in plan dinmension and 25 to 38
nr 1 to 1-1/2 inches thick. The sanples shall clearly indicate the m xture
represented by the specinmen, and shall have been produced, placed,

finished, textured, and cured in the same manner as proposed for use in the
wor k. Check the sanples for matches in color and shade, finish, texture,
and surface defects. Conpare the sanples to that part of the structure on
which the mxture is proposed to be used. The sanples shall be conpared to
the thoroughly cleaned structure. The sanples and structure surfaces shal
be clean and conpletely dry during the conparison. Fol | owi ng the
conparison to dry surfaces, danpen the sanple and structure with clean,

pot abl e wat er and conpare the surfaces for acceptability to the Contracting
Oficer. Submt certificates of conpliance attesting that the materials
neet specification requirenents.

2.1.1 Adm xt ures

Air entraining adm xtures shall conformto ASTM C 260, water-reducing or
-retarding adm xtures shall conformto ASTM C 494/ C 494N, and pi gnents for
integrally colored concrete shall conformto ASTM C 979 and

ASTM C 1017/ C 1017N. Admi xtures shall not contain added chl ori des.

2.1.2 Aggr egat es

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE: |If a specific type or size of aggregate is

required for a desired finish, whether it be for a
facing mix or the entire thickness, the additiona

requi renents will be added in this paragraph

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

Aggregates shall match existing aggregates as determ ned by sanpl es and
testing and shall otherwi se conformto ASTM C 33/ C 33N

2.1.3 Bondi ng Agents

Bondi ng agents for use in bonding concrete and nortar patching materials to
concrete and steel are specifically prohibited for use in the work.

2.1.4 Cementitious Materials
Provide cenentitious materials of one type and from one source when used in

concrete which will have surfaces exposed in the finished structure.
Cenentitious materials shall conformto one of the foll ow ng:

SECTION 03 01 30 Page 15



2.1.4.1 Cenent

Cenent conposition shall match that of cenent used in existing concrete to
be repaired as determ ned by sanples and testing and shall conformto the
basi ¢ requirenments of ASTM C 150/ C 150V, Type [I] [I1], [low alkali].
Cenent shall have non-shrink (shrinkage conpensating) properties and shal
conformto ASTM C 1107/ C 1107V, O ass B or C, expansive cenent type.

2.1.4.2 Pozzol an

Pozzol an shall conformto ASTM C 618, Cass F, including "Table 3 -
Suppl erentary Optional Physical Requirenments."”

2.1.5 Epoxy Anchor Adhesives
Use an epoxy-resin grout to bond steel anchors to concrete, with a 100
percent solids, noisture insensitive, |ow creep, structural adhesive. The
epoxy shall conformto ASTM C 881/ C 881l, type |V, grade and cl ass sel ected
to conformto the manufacturer's reconmendations for the application. The
epoxy adhesive shall be conditioned, proportioned, nmixed, and applied in
accordance with the manufacturer's recomendati ons, except as ot herw se
specified herein or indicated on the draw ngs.

2.1.6 Rei nforcing Stee

Rei nforcing steel shall conformto ASTM A 36/ A 36lv, sizes as indicated,
unl ess ot herwi se directed.

2.1.7 Tie Wre
Tie wire shall be soft Monel Metal or 18-8 stainless steel.
2.1.8 Metal attachments
Anchors for spall repairs shall be threaded stainless steel, size as
indicated. Qher plates, angles, anchors, and enbednents shall conformto
ASTM A 36/ A 36N, and shall be prine painted with inorganic zinc prinmer.
2.1.9 For maor k

Formwork for special effects shall be as indicated or directed, and shal
be subject to specific approval.

2.1.10 For m Rel ease Agents
Formrel ease agents shall be the manufacturer's standard, nonstai ning,
nonpet r ol eum based, conpatible with surface finish and subsequent surface
treat nents.

2.1.11 Cl eani ng Sol ution
The cl eaning solution shall consist of a 1:1 to 1:1.5 (water: liquid
chl orine bleach) nixture of clean potable water and liquid chlorine
bl each. Rinse water shall be clean potable water.

2.1.12 Wt er
Water used in cleaning concrete surfaces, used in producing concrete and
nortars, and used for curing concrete shall be potable.
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2.1.13 Curing Materials
2.1.13.1 Bur | ap

AASHTO M 182.
2.1.13.2 | mper vi ous Sheet s

ASTM C 171, type optional, except that polyethylene film if used, shall be
whi t e opaque.

2.1.13.3 Menbr ane- For mi ng Conpounds
CCE CRD- C 300, non-pignented, containing a fugitive dye.
2.1. 14 Joi nt Sealing
Provide joint sealing as specified in Section 07 92 00 JO NT SEALANTS.

2.1.15 Epoxy- Resi n G out

EE R R R S I R R I R I R S R R R R R S R R I R R R R R R R R O

NOTE: Sone jobs may require the pressure injection
of cracks with epoxy-resin grout. 1In such instances
the foll owi ng paragraphs should be inserted:

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

Epoxy-resin grout shall be a two-conponent material, 100 percent solids by
wei ght, fornulated to neet the requirenents of ASTM C 881/ C 881N, Type | or
1. Type | material shall be used when naterials or atnospheric
tenmperatures are 20 degrees C 70 degrees F or above. Use Type Il materi al
when materials or atnospheric tenperatures are bel ow 20 degrees C 70
degrees F. Epoxy-resin grout shall have the ability to structurally rebond
cracks, delam nations, and hol |l ow plane conditions in concrete; shall be
insensitive to the presence of water; and shall have the capability to
penetrate cracks down to 0.12 mr 5 mils in width. Mterials shall have
been used in sinmlar conditions for a period of at |east five years.

2.1.16 Epoxy Injection Ports

Design injection ports for epoxy-resin grout for the intended use as
detailed in this section, nade according to the recommendati on of the epoxy
manuf act urer.

2.2 EQUI PVENT

Assenbl e equi pnent, that is dependabl e and adequate to acconplish the
specified work, at the work site in sufficient time before the start of the
work to permit thorough inspection, calibration of weighing and measuring
devi ces, adjustment of parts, and the making of any repairs that may be
required. Maintain the equipnent in acceptable working condition during
the life of the project.

2.2.1 Cl eani ng

Equi prent used in cl eaning shall not cause staining, erosion, nmarring, or
ot her damage or changes in the appearance of the surfaces to be cleaned.
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2.2.1.1 Sandbl asti ng

Sandbl asti ng equi prent shall not be used in cleaning concrete and ot her
bui l di ng surfaces; and shall be subject to approval for each other specific
applications. Sandbl asting equi pnment pernmitted for use in cleaning
rei nforcement and ot her embedded metal itens shall include an air
conpressor, hose, and |ong-wearing venturi-type nozzle of proper size,
shape and opening. The maxi mum nozzl e opening shall not exceed 6.3 M 1/4
inch. Provide a portable air conmpressor capable of furnishing not |ess than
4.2 cubic neters 150 cubic feet per mnute and maintaining a |ine pressure
of not less than 0.620 MPa 90 psi at the nozzle while in use. The
conpressor shall be equipped with traps that will maintain the conpressed
air free of oil and water. The nozzle shall have an adjustabl e guide that
will hold the nozzle aligned with the reinforcenent and other itens to be
cleaned, and will maintain the nozzle approximately 25 mr 1 i nch above the
surface. Adjust the height, angle of inclination and the size of the
nozzl e as necessary to provide satisfactory results. Provide protective
covers and barriers as required to prevent over-spray onto adjacent
sur f aces.

2.2.1.2 Wat er Bl asting

Wat er bl asting equi pnment shall include a trailer-nmounted water tank, punps,
hi gh- pressure hose, wand with safety rel ease cutoff control, nozzle, and
auxiliary water re-supply equi pnent. The equi pnent shall not be operated
at a pressure which will cause etching or other damage to the concrete
surface, except for the surfaces of the interior of the excavation, where
operation at higher pressures nay be used, subject to specific approval.
perate the equi pnent at a discharge capacity of 0.38 MPa 55 psi naxi mum and
9.5to 11.4 L/minute 2.5 to 3 gpmr for general surface cleaning operations
of the structure, and between 3.5 and 7 MPa 500 and 1000 psi and 9.5 to
11.4 L/mnute 2.5 to 3 gpr for cleaning of drill holes and surfaces of
excavations. The water tank and auxiliary re-supply equi pnent shall be of
sufficient capacity to permt continuous operations. Provide protective
covers and barriers as required to prevent over-spray onto adjacent
surf aces.

2.2.2 Excavati on

The equi pnent used to excavate concrete shall be handhel d manual or power
type with a | owinpact energy output and shall have gad points. The use of
chisel points is prohibited. Surface grinders for use in preparing
concrete and netal surfaces shall be snmall, hand-held equi pment with a slow
to noderate operating RPM using stone grinding wheels. Saw cutting

equi prent shal |l use circul ar dianond bl ades. The bl ade shall be at |east
3.2 mr 1/8 inch thick, with blade dianeter selected as appropriate for the
application. Excavation equi pnent shall be subject to approval.

2.2.3 Drilling
Equi prent used to drill holes in concrete for patch anchors and ot her
applications shall be standard handheld masonry drills, commonly used for
drilling small holes in concrete and masonry. The drill shall be a snall,
power ed, handhel d type, using rotary drilling nbde only. |Inpact and rotary
i npact type drills are prohibited.

2.2. 4 Fi ni shing and Texturing

Provi de hand tools used for placing, finishing and texturing concrete and
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nortar which are commercially availabl e and commonly used in concrete
construction and repair. Equi prment used for finishing and texturing
concrete and nortar surfaces shall be a type commonly used in the concrete
construction and repair industry for that application. Surface grinders,

i npact tools, and other equi pnent shall conformto the requirenents
specified herein, except as specifically required by the type of finish and
texture, and subject to approval.

2.2.5 Conpressed Air Supplies

Conpressed air shall provide clean, oil and noisture free conpressed air at
the surface to be cleaned. The conpressed air line shall have at |east two
in-line air filters to renove oil and noisture fromthe air supply. The
compressed air supply shall be tested during each shift for the presence of
oil and noi sture.

2.2.6 M xi ng, Transporting, and Pl aci ng

Equi pent used for mixing, transporting, placing, and confining concrete
and nortar placenments shall be suitable for the intended purpose and be
capabl e of satisfactorily mxing material, and supporting pl acenent
operations in an uninterrupted manner. Mintain equipnment in a clean, good
operabl e condition at all tinmes. Equiprment used in the work shall be

subj ect to approval. Defects, and deficiencies in operation or capacity
shall be resolved prior to use in the work. Equipnent used for batching,

m xi ng, conveying, and placing of materials shall be clean, free of old
materi al s and contam nants, and shall conformto the manufacturer's
recomendati ons.

2.2.7 Associ at ed Equi pnent
Provi de associ ated equi prent such as m xer timng equi pnent, val ves,
pressure gauges, pressure hoses, other hardware, and tools as required to
ensure a continuous supply of nmaterial and operation control. Use
nechani cal or radi o comunication systens between el enents of nortar
production and pl acenent operation which are nore than 30 m 100 feet apart.

PART 3 EXECUTI ON

3.1 EVALUATI ON AND ANALYSI S

Use eval uati on and analysis conforning to the requirenments specified herein
and in Section 01 45 00.00 10 QUALITY CONTRCL.

3.1.1 Exi sting Concrete
Concrete renovation shall be undertaken only after a conplete eval uation
and analysis of the areas to be repaired is conpleted, including sanpling
and testing of the existing concrete to determne its conposition and
qualities. A condition survey of the area to be repaired shall conformto
ACl 201. 1R and ACI 364.1R. Strength evaluation shall be in accordance with
ACI 437R. Cracks shall be evaluated in accordance with ACI 224. 1R
Exam nation and sanpling procedures shall conformto ASTM C 823/ C 823M.

3.1.2 Eval uati on and Acceptance of New Concrete

3.1.2.1 Frequency of Testing

Take samples for strength, slunp, air content, and shrinkage tests of each
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concrete mxture placed each day not |ess than once a day, and at |east
once for each 0.33 cubic neters 10 cubic feet of concrete; nor |less than
once for each 50 square neters 500 square feet of surface area for slabs or
wal | s. Take sanples for strength, slunp, air content, and shrinkage tests
of each nmortar m xture placed each day not |ess than once a day, and at

| east for each 0.25 cubic neters 9 cubic feet of nortar. |If this sanpling
frequency results in less than 3 strength tests for a given class of
concrete or individual mxture design, tests shall be made fromat |east 3
random y sel ected trucks (or batches) or fromeach truck (or batch) if
fewer than 3 truck | oads (or batches) are used. Field cured specinens for
determning formrenoval tine or when a structure may be put in service
shal |l be nade in nunbers directed to check the adequacy of curing and
protection of concrete in the structure. The specinens shall be renoved
fromthe nmolds at the age of 24 hours and shall be cured and protected,
insofar as practicable, in the sane manner as that given to the portion of
the structure the sanples represent.

.1.2.2 Testing Procedures

Strength test specinmens for acceptance tests shall be nolded and cured in
accordance with ASTM C 31/C 31N. Strength test specinens and testing for
nortar shall conformto ASTM C 109/ C 109V. Cylinders shall be tested in
accordance with ASTM C 39/ C 39V and beamns shall be tested in accordance
with ASTM C 78. A strength test shall be the average of the strengths of
two speci mens nmade fromthe same sanple of concrete and tested at 28 days
or at another specified test age. Tests for total air content and sl ump
shal |l be nade on fresh sanples of the concrete and nortar. Performtests
onsite, on sanples taken at the |ocation of placenent. Determine slunp in
accordance with ASTM C 143/ C 143lN. Determine air content in accordance
with ASTM C 231. Determine testing for shrinkage in accordance with
ASTM C 1107/ C 1107N.

.1.2.3 Eval uati on of Results

Concrete and nortar shall have a conpressive strength at 28 days as

determ ned by ASTM C 39/ C 39N and ASTM C 109/ C 109N respectively, which

mat ches the present conpressive strength of concrete in the structure
within a tolerance of from -0 to +3.5 MPa -0 to +500 psi. Concrete and
nortar strengths will be considered satisfactory if the averages of all
sets of three consecutive strength test results equal or exceed the
specified strength and no individual strength test result falls bel ow the
required strength. For flexural strength concrete, the strength | evel of
the concrete will be considered satisfactory if the averages of all sets of
five consecutive strength test results equal or exceed the required
flexural strength, and not nmore than 20 percent of the strength test
results fall below the required strength by nore than 0.35 MPa 50 psi. The
required mnimumstrength shall be the strength determined fromtesting of
sanpl es taken fromthe structure.

.1.2.4 I nvestigation of Low Strength Test Results

When any strength test of standard-cured test specinmen falls below the
specified strength requirenment by nore than 3.5 MPa 500 psi, or if tests of
field-cured specinens indicate deficiencies in protection and curing, steps
shal |l be taken to ensure that |oad-carrying capacity of the structure is
not jeopardi zed. Nondestructive testing in accordance with ASTM C 597,
ASTM C 803/ C 803k, or ASTM C 805/ C 805V may be permtted by the Contracting
Oficer to determine the relative strengths at various |ocations in the
structure as an aid in evaluating concrete strength in place or for
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sel ecting areas to be cored. Such tests, unless properly calibrated and
correlated with other test data, shall not be used as a basis for
acceptance or rejection. Wen strength of concrete in place is considered
potentially deficient, obtain cores and test themin accordance with

ASTM C 42/ C 42Nh. Take at least three representative cores fromeach nenber
or area of concrete in place that is considered potentially deficient. The
| ocation of cores will be determ ned by the Contracting Officer to | east
inmpair the strength of the structure. |If the concrete in the structure is
dry under service conditions, the cores shall be air-dried (tenperature 16
to 27 degrees C 60 to 80 degrees F, relative humdity |ess than 60 percent)
for seven days before testing and shall be tested dry. |If the concrete in
the structure is nore than superficially wet under service conditions, the
cores shall be tested after npisture conditioning in accordance with

ASTM C 42/ C 42N. Concrete in the area represented by the core testing wll
be consi dered adequate if the average strength of the cores is equal to or
at |l east 85 percent of the specified strength requirenent and if no single
core is less than 75 percent of the specified strength requirement. |If the
core tests are inconclusive or inpractical to obtain, or if structura

anal ysis does not confirmthe safety of the structure, |oad tests may be
directed by the Contracting Oficer in accordance with the requirenents of
ACl 318NACI 318. Concrete work evaluated by structural analysis or by
results of a load test and found deficient shall be corrected in a manner
satisfactory to the Contracting Oficer. Al investigations, testing, |oad
tests, and correction of deficiencies shall be perforned, and approved by
the Contracting Officer, at the expense of the Contractor.

.2 PREPARATI ON OF CONCRETE SURFACES
2.1 Initial Surface C eaning

The cl eaning materials, equiprment, and nmethods shall not result in
stai ning, erosion, marring, or other damage to the surfaces of the
structure. Denonstrate the materials, equipment, and net hods proposed for
use in cleaning in a1 by 1 m 3 by 3 foot square test section. The
| ocation of the test section, and the conpleted test section shall be
subj ect to approval. The cleaning process shall be adjusted as required
and the test section rerun until an acceptabl e process is obtained.
Following an initial inspection and evaluation of the structure and
surfaces, give the structure an initial surface cleaning to be conpleted
prior to start of excavation, and sanpling and testing for m xtures. The
initial cleaning shall provide for the conplete cleaning of all exterior
concrete surfaces of the structures. The initial cleaning shall thoroughly
clean the concrete surface to renove all traces of npbss, dirt, and other
contam nants. The cleaning shall provide a clean concrete surface to all ow
determ nati on of the concrete's color and shades, finish and texture, and
other properties. The "initial cleaning" shall consist of initial surface
washi ng, followed by treatnent with the cleaning solution, and then
followed by a final water rinse. The initial surface washing shall consist
of washing the surface with clean, |ow pressure water (pressure of |ess than
0.38 MPa 55 psi and 9.5 to 11.4 L/minute 2.5 to 3 gpmrr di scharge) and
manual surface scrubbing using handhel d natural or plastic bristle brushes,
followed by a clean water rinse. Followi ng conpletion of the initial
surface washing of the entire structure (or side of structure) dry the
concrete prior to application of the cleaning solution. The concrete
surfaces of the structure shall be coated with the cleaning solution at an
application rate of 3.8 L 1 gal of solution per 1 to 3 square neters 10 to
30 square feet of treated surface using | ow pressure spraying equi pnent.
Adj ust the application rate of the solution as directed to ensure that the
entire surface has been thoroughly wetted with the solution. Use a manua
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surface scrubbing with handhel d natural or plastic bristle brushes on
heavily soiled areas. Followi ng treatment with the cl eaning sol ution,
rinse the treated surfaces with clean, |ow pressure water. Water and all
liquid materials used in the work shall be contained at the building
perinmeter and coll ected and di sposed of in an approved nmanner.

.2.2 Areas to be Renpved

Renove unsound, weak, or damaged concrete. Loose particles, |aitance,
spal I ing, cracked, or debonded concrete and foreign materials shall be
renmoved with hand tools unless otherwi se noted. Protect surfaces of the
structure, and surfaces adjacent to the excavation from damage whi ch nmay
result from excavation, cleaning, and patching operations.

. 2.3 Exposed Rei nf or cenment

Renove concrete from around exposed or deteriorated reinforcing steel.
Steel shall stand free of concrete at least 25 nr 1 inch mninumto provide
mechani cal bond with patch material.

.2.4 Excavation in Concrete

Excavate deteriorated areas indicated to be repaired to sound concrete.

The use of concrete and masonry saws for outlining the excavation shall not
be all owed. Acconplish the excavation by nmeans of nmanual mnethods and

| ow- ener gy, handhel d equi pnent. The sides of the excavation shall be
approxi mately perpendi cular to the exposed surface, dovetail ed back 15
degrees from perpendicular to the exposed surface at the bottomin order to
key in the patch. The bottom (or back) of the excavation shall be
approximately parallel with the exposed surface of the patch. The surfaces
of the excavation shall be finished to renpve excessive variations and
roughness and shall be shaped to provide a patch wi th uniform di mensi ons.
Feat hering at edges is not permitted. The excavation shall be acconplished
to mnimze the appearance of bond |ines between the patch and t he adjacent
concrete and other abutting surfaces. Protect surfaces of the structure
and surfaces adjacent to the excavation from damage which may result from
excavati on operations.

.2.5 Cl eani ng of Excavations

Clean the surfaces of the excavation by water blasting and nmanual scrubbing
net hods. Sandbl asting shall not be used to clean concrete surfaces. The
surfaces of excavations shall be cleaned of dust, dirt, laitance,

corrosion, or other contam nation. Cracks and voids shall be flushed out
with clean water and allowed to dry. Concrete surfaces to be in contact
with the freshly placed concrete shall be maintained in a continuously danp
condition for at least 24 hours prior to concrete placenent. |Imediately
bef ore pl acenent, areas to be patched shall be cleaned and rinsed, followed
by blowing dry with filtered, dry, conpressed air to renpve excess water,
and to provide a surface in a saturated, surface-dry, danp condition
Protect surfaces of the structure and surfaces adjacent to the excavation
from damage which may result from cl eani ng operations.

. 2.6 Previ ously Repaired Cracks
Renove ol d caul king or grout from previously repaired cracks where it is

failing. Renove |oose particles fromcracks. Cracks shall be cleaned,
rinsed with water followed by blowing with filtered, dry, conpressed air.
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3.

3.

3.

3.

3 REI NFORCI NG STEEL

3.1 C eani ng

Exposed reinforcing steel shall be nechanically cleaned to bare netal.
Pai nt exposed steel in areas to be patched with two coats of zinc-rich
prinmer paint.

3.2 Repai ri ng

Notify the Contracting O ficer of any steel nenbers which have significant
| oss in cross-sectional area due to corrosion, cutting, or other danage.

Damaged portions shall be nechanically cut away. Install reinforcing stee
to match existing, where existing reinforcing is badly corroded or
damaged. Lap splices shall be as required by code. |I|f necessary, fasten

bars with tie wres.
4 FORMAORK ERECTI ON

Erect formwrk in accordance with the detail drawings to ensure that the
fini shed concrete nmenbers conform accurately to the indicated di mensions,
lines, elevations, and finishes. Deflection shall not exceed 1/360th of
each component span or di stance between adj acent supports. Deflections and
tol erance shall not be cunulative. Install formliners as necessary to
provide the required finish. Forns shall be coated with formrel ease
agents before reinforcenent is placed.

.5 CONCRETE REPAI R

.5.1 Ceneral Requisites

Accomplish repairs in accordance with ACI C- 10, ACI C 20, ACI 301NACI 301
and ACI 304R. Repair cracks, if required, in accordance with AClI 224.1R
Detailing shall be in accordance with ACI SP-66. Repaired surfaces shal
mat ch adj acent existing surfaces in all respects. Provide formwrk, as
necessary to reconstruct concrete to match adjacent surfaces. Voids shal
be filled flush with adjacent surfaces. Use all products in accordance
with the manufacturer's instructions.

.5.2 Spal | s

Spalls less than 25 nr 1 inch deep, where indicated to be repaired, shal
be drypacked with an approved patching nmortar. Spalls greater than 25 mm 1
i nch deep shall be excavated and patched with concrete.

.5.3 Pat ch Anchors

Surface areas to be patched, which do not have reinforcenent or other netal
enbednents to be placed in the patching concrete and nortar, shall be
provided with patch anchors to ensure that the patch is tied to the

exi sting concrete structure. Provide patch anchors within the excavation
at a frequency of at |east one patch anchor per 0.10 square neter square
foot of patch plan surface area; specific |ocations for patch anchors shal
be as indicated. Use snall handhel d, | owspeed rotary masonry drills to
produce holes in the existing concrete, within the limts of the
excavations for the patch anchor installation.
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3.5.3.1 Hol es

Drill holes into the existing concrete substrate material of the excavation
using rotary (non-hamrer) drills. Holes shall have a dianeter 3.2 mr 1/8
inch larger than the anchor dianeter. The holes shall be drilled to a
depth of 100 mm 4 inch, except as otherwi se indicated or directed. Drill
hol es shall be produced to ensure that the holes do not penetrate

compl etely through the concrete, and will provide at |least 25 mr 1 inch of
cover around the drill hole. Holes shall be cleaned by water blasting to
renove drill dust and other debris and then blown dry with filtered, dry,
conpressed air. Drill holes shall be conditioned in accordance with the

epoxy adhesi ve manufacturer's recomendati ons.
3.5.3.2 Anchor Installation

Cl ean anchors to renove all contam nants which may hi nder epoxy bond.
Epoxy adhesive shall be pressure injected into the back of the drilled

hol es. The epoxy shall fill the holes so that when the anchors are
inserted, the epoxy conpletely fills the hol es and excess epoxy is nhot
exuded fromthe holes. Insert anchors inmrediately into the holes. The

anchors shall be set back fromthe exterior face at least 25 mr 1 inch
Install anchors wi thout breaking or chipping the exposed concrete surface.

3.5.3.3 d eanup

Renove excess epoxy and spills fromthe surface of the excavation, |eaving
it in a clean and uncontam nated condition. Spills on adjacent surfaces
shal |l al so be renpbved and surfaces repaired as required.

3.5.4 M xi ng Epoxy-Resin Grout Conponents

M x epoxy-resin grout components in the proportions recommended by the
manuf acturer. The conponents shall be conditioned from 20 to 30 degrees C
70 to 85 degrees F for 48 hours prior to mixing. Mx the two epoxy
conponents with a power-driven, explosion-proof stirring device in a netal
or polyethyl ene container having a hem spherical bottom The polysul fide
curing agent component shall be added gradually to the epoxy-resin
component with constant stirring until a uniformm xture is obtained. The
rate of stirring shall be such that the entrained air is at a m ni mum

3.5.4.1 Tool s and Equi prment

Tool s and equi pent used further in the work shall be thoroughly cleaned
bef ore the epoxy-resin grout sets.

3.5.4.2 Heal th and Safety Precautions

Provide full-face shields for all mxing, blending, and pl aci ng operations
as required and protective coveralls and neoprene-coated gl oves for al

wor kers engaged in the operations. Supply protective creans of a suitable
nature for the operation. Miintain adequate fire protection at all m xing
and placing operations. Snoking or the use of spark- or flane-producing
devi ces shall be prohibited within 15 nm 50 feet of m xing and pl aci ng
operations. The nixing, placing, or storage of epoxy-resin grout or

sol vent shall be prohibited within 15 nm 50 feet of any vehicle, equipnent,
aircraft, or machinery that could be damaged fromfire or could ignite
vapors fromthe nmaterial .
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3.5.4.3 Epoxy Pressure-Injection of Cracks
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NOTE: Sone jobs nmay require the pressure injection
of cracks with epoxy-resin grout. In such instances
the follow ng paragraph should be inserted:
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Cracks shall be pressure-injected using a two conponent epoxy systemw th
an in-line mxing and netering capability. System shall be capable of
injection pressures up to a naxi mumof 1 MPa 150 psi to ensure conplete
penetration of the crack. Apply an adequate surface seal to the crack or
joint to prevent the escape of epoxy. Entry points shall be established
along the crack. Fill the crack with a 100 percent solid epoxy adhesive.

I nject the adhesive into the crack at the first entry point with sufficient
pressure to advance the epoxy to the next adjacent port. The original port
shal |l be sealed and injection noved to the port at which the epoxy

appears. Continue the process until each joint and crack has been injected
for its entire length. Epoxy shall be allowed to cure in accordance with
manuf acturer's instructions. Sealing materials shall then be renoved and
surface finished to match adjacent existing surface.

3.5.5 Application of Concrete and Patching Mrtar

Pl ace concrete and nortar to rebuild spalled or damaged areas to natch the
original surface finish, level, texture, and color. Concrete shall be
cured as specified herein. The finished appearance of the patch shal

mat ch the adj acent existing surface.

3.6 CURI NG AND PROTECTI ON

Use an approved nethod for curing concrete and nortar patching for at |east
7 days. |Immediately after placenment, protect concrete from premature
drying, extremes in tenperatures, rapid tenperature change, nechanica
injury and injury fromrain and flowing water. Mintain air and forns in
contact with concrete and nortar at a tenperature above 10 degrees C 50
degrees F for the first 3 days and at a tenperature above 0 degrees C 32
degrees F for the remminder of the specified curing period. Materials and
equi prrent needed for adequate curing and protection shall be avail able and
at the placenent site prior to placing concrete and nortar. No fire or
excessive heat shall be permitted near or in direct contact with the
concrete and nortar at any tinme. Acconplish curing by any of the follow ng
met hods, or conbination thereof, as approved:

3.6.1 Moi st Curi ng

Mai ntain concrete and nortar to be noist-cured continuously wet for the
entire curing period. |If water or curing materials stain or discolor
concrete and nortar surfaces which are to be pernanently exposed, the
concrete and nortar surfaces shall be cleaned. Wen wooden forns are |eft
in place during curing, they shall be kept wet at all tinmes. |If the forns
are renoved before the end of the curing period, curing shall be carried
out as on unformed surfaces, using suitable materials. Horizontal surfaces
shal | be cured by ponding, by covering with a 50 mr 2 inch nininmm

thi ckness of continuously saturated sand, or by covering with waterproof
paper, pol yethyl ene sheet, polyethylene coated burlap, or saturated burl ap.
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3.

6.2 Menbr ane Curing

Menbrane curing shall not be used on surfaces that are to receive any
subsequent treatnent dependi ng on adhesion or bonding to the concrete;
except that a styrene acrylate or chlorinated rubber conpound neeting

COE CRD-C 300 requirenments may be used for surfaces which are to be painted
or are to receive bitum nous roofing or waterproofing, or for floors that
are to receive adhesive applications of resilient flooring. Select a
curing conpound that is conpatible with any subsequent paint, roofing,

wat erproofing, or flooring specified. Apply curing conmpound to forned
surfaces imediately after the forms are renoved and prior to any patching
or other surface treatnent except the cleaning of |oose sand, nortar, and
debris fromthe surface. Surfaces shall be thoroughly noistened with

wat er, and the curing conpound shall be applied to slab surfaces as soon as
the bl eeding water has di sappeared, with the tops of joints being
tenmporarily sealed to prevent entry of the conpound and to prevent npisture
| oss during the curing period. Apply conpound in a one-coat continuous
operation by mechani cal spraying equi pnent, at a uniform coverage of 20
square nmeters 200 square feet per 3.8 L gallon. Concrete surfaces which
have been subjected to rainfall within 3 hours after curing conpound has
been applied shall be resprayed by the nmethod and at the coverage
specified. Keep surfaces coated with curing compound free of foot and
vehicular traffic, and from other sources of abrasion and contam nation
during the curing period.

.6.3 Epoxy Adhesi ves

Protect and cure epoxy adhesives in accordance with the manufacturer's
recomendati ons. The adjacent surfaces and anbi ent conditions shall be
mai ntai ned within the manufacturer's recomendati ons. The patch anchors
and epoxy adhesive shall be protected from di spl acenent and di st ur bances.

.7 CONCRETE AND MORTAR FI NI SHES AND COLOR

.7.1 Mat chi ng Adj acent Concrete

Concrete and nortar finishes and color shall match the finish and col or of
the existing adjacent concrete. Acconplish finishing at the tine of
concrete placenent or imediately after formmork renoval

.7.2 Non- St andard Fi ni sh

The exposed surfaces of concrete and nortar patching shall natch the
finish, texture, and surface detail of the original surface. Mechanica
finishing and texturing may be required to produce the required finish and
appearance. The finishing and texturing shall be acconplished in such a
way as to help conceal bond |lines between the patch and adjacent surfaces.
The texturing shall replicate all surface details, including tooling and
machi ne marks. The equi pment used in finishing and texturing shall be a

| ow-i npact energy type which will not weaken the patch or danage the patch
bond and the adjacent concrete. Equipnent used for finishing and texturing
shal | be denonstrated on sanple panels of concrete and nortar to
denonstrate performance and suitability of the equi pment and net hods.

Equi prent and net hods shall be subject to approval.

. 8 FI NAL CLEANI NG

No sooner than 72 hours after conpletion of the curing period and after
joints are seal ed, faces and ot her exposed surfaces of concrete shall be
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washed down with water applied with a soft bristle brush, then rinsed with
clean water. Discolorations which cannot be renoved by these procedures,
wi Il be considered defective work. Perform cleaning work when tenperature
and hum dity conditions are such that surfaces dry rapidly. Protect

adj acent surfaces from damage during cl eani ng operations.

.9 PROTECTI ON OF WORK
Protect work agai nst danmage from subsequent operations.
.10  DEFECTI VE WORK

Def ective work shall be repaired or replaced, as directed, using approved
pr ocedures.

11 FI NAL | NSPECTI ON

Fol | owi ng conpl etion of the work, inspect the structure for danage,

stai ning, and other distresses. The patches shall be inspected for
cracki ng, crazing, delam nation, unsoundness, staining and other defects.

I nspect the finish, texture, color and shade, and surface tol erances of the
patches to verify that all requirenments have been net. Repair all surfaces
exhi biting defects, as directed.

-- End of Section --
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