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SECTION 038000 

CONCRETE STRUCTURES 
 
1.  DESCRIPTION 
 
This specification shall govern for construction of all types of structures involving the use of 
structural concrete, except where the requirements are waived or revised by other governing 
specifications. 
 
All concrete structures shall be constructed in accordance with the design requirements and details 
shown on the plans; in conformity with the pertinent provisions of the items contracted for; the 
incidental specifications referred to; and in conformity with the requirements herein. 
 
2.  MATERIALS 
 
(1) Concrete.  All concrete shall conform to the provisions of City Standard Specification Section 
030020 "Portland Cement Concrete". 
 
The class of concrete for each type of structure or unit shall be as specified on the plans or by 
pertinent governing specifications. 
 
(2) Expansion Joint Material. 
 

(a) Preformed Fiber Material.  Preformed fiber expansion joint material shall be of the 
dimensions shown on the plans.  The material shall be one of the following types, unless 
otherwise noted on the plans: 

 
1. Preformed Bituminous Fiber Materials shall meet the requirements of ASTM 

Designation: D1751 "Standard Specification for Preformed Expansion Joint 
Filler for Concrete Paving and Structural Construction (Non-extruding and 
Resilient Bituminous Types)". 

 
2. Preformed Non-Bituminous Fiber Material shall meet the requirements of ASTM 

Designation: D1751 "Standard Specification for Preformed Expansion Joint 
Filler for Concrete Paving and Structural Construction (Non-extruding and 
Resilient Bituminous Types)", except that the requirements pertaining to bitumen 
content, density and water absorption shall be voided. 

 
3.  Redwood. 

 
(b)     Joint Sealing Materials.  Unless otherwise shown on the drawings, joint sealing 

material shall conform to the following requirements.  The material shall adhere to the 
sides of the concrete joint or crack and shall form an effective seal against infiltration of 
water and incompressibles.  The material shall not crack or break when exposed to low 
temperatures.   
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            1. Class 1-a.  (Two-Component, Synthetic Polymer, Cold-Extruded Type).  Curing 
 is to be by polymerization and not by evaporation of solvent or fluxing of harder 
 particles.  This type is specifically designed for vertical or sloping joints and 
 hence not self-leveling.  It shall cure sufficiently at an average temperature of 77 
 degrees F ± 3 degrees F in a maximum of 24 hours.  For performance 
 requirements see under 2.(2)(b)2. below. 

 
2. Class 1-b.  (Two-Component, Synthetic Polymer, Cold-Pourable, Self-Leveling 

Type).  Curing is to be by polymerization and not by evaporation of solvent or 
fluxing of harder particles.  It shall cure sufficiently at an average temperature of 
77 degrees F ± 3 degrees F in a maximum of 3 hours. 

 
Performance Requirements:  Class 1-a and Class 1-b joint materials, when tested in 
accordance with TxDOT Test Method Tex-525-C, shall meet the above curing times 
and the following requirements: 

 
It shall be of such consistency that it can be mixed and poured, or mixed and 
extruded into joints at temperatures above 60 degrees F. 

 
Penetration, 77º F.: 

150 gm. cone, 5 sec., max., cm..................  0.90 
Bond and Extension 75%, Oº F, 5 cycles: 

Dry Concrete Blocks............................  Pass 
Wet Concrete Blocks............................  Pass 
Steel Blocks...(Primed if specified by manuf.). Pass 
Flow at 200º F.................................   None 
Water Content % by weight, max.................  5.0 

Resilience: 
Original sample min. % (cured).................  50 
Oven aged at 158º F min. % ....................  50 

For Class 1-a Material Only: 
Cold Flow (10 min.)............................  None 

 
(c) Asphalt Board.  Asphalt Board shall consist of two liners of 0.016” asphalt impregnated 
paper, filled with a mastic mixture of asphalt and vegetable fiber and/or mineral filler.  
Boards shall be smooth, flat and sufficiently rigid to permit installation.  When tested in 
accordance with TxDOT Test Method Tex-524-C, the asphalt board shall not deflect from 
the horizontal more than 1” in 3.5”. 

 
(d) Rebonded Neoprene Filler.  Rebonded neoprene filler shall consist of ground closed-
cell neoprene particles, rebonded and molded into sheets of uniform thickness, of the 
dimensions shown on plans. 

 
Filler material shall have the following physical properties and shall meet the requirements of 
ASTM Designation: D1752 “Standard Specification for Preformed Sponge Rubber and Cork 
Expansion Joint Fillers for Concrete Paving and Structural Construction”, Type 1, where 
applicable: 
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 PROPERTY 

 
 METHOD 

 
 REQUIREMENT 

 
Color 

 
 ASTM D1752, Type 1 

 
 Black 

 
Density 

 
 ASTM D1752, Type 1 

 
 40 lb./ft3 Min. 

 
Recovery 

 
 ASTM D1752, Type 1 

 
 90% Min. 

 
Compression 

 
 ASTM D1752, Type 1 

 
 50 to 500 psi 

 
Extrusion 

 
 ASTM D1752, Type 1 

 
 0.25” Max. 

 
Tensile Strength 

 
 ASTM D1752, Type 1 

 
 20 psi Min. 

 
Elongation 

 
  

 
 75% Min. 

 
The manufacturers shall furnish the OAR with certified test results as to compliance with the 
above requirements and a 12” x 12” x 1” sample from the shipment for approval. 

 
(3) Curing Materials. 
 

(a) Membrane curing materials shall comply with ASTM Designation: C 309 "Standard 
Specification for Liquid Membrane-Forming Compounds for Curing Concrete", Type 1 clear 
or translucent, or Type 2 white-pigmented.  The material shall have a minimum flash-point 
of 80 degrees F when tested by the "Pensky-Martin Closed Cup Method". 

 
It shall be of such consistency that it can be satisfactorily applied as a fine mist through an atomizing 
nozzle by means of approved pressure spraying equipment at atmospheric temperatures above 40 
degrees F. 
 
It shall be of such nature that it will not produce permanent discoloration of concrete surfaces nor 
react deleteriously with the concrete or its components.  Type 1 compound shall contain a fugitive 
dye that will be distinctly visible not less than 4 hours nor more than 7 days after application.  The 
compound shall produce a firm, continuous, uniform moisture impermeable film free from pinholes 
and shall adhere satisfactorily to the surfaces of damp concrete.  It shall, when applied to the damp 
concrete surface at the rate of coverage specified herein, be dry to the touch in not more than 4 hours 
and shall adhere in a tenacious film without running off or appreciable sagging.  It shall not 
disintegrate, check, peel or crack during the required curing period. 
 
The compound shall not peel or pick up under traffic and shall disappear from the surface of the 
concrete by gradual disintegration.  
 
The compound shall be delivered to the job only in the manufacturer's original containers, which 
shall be clearly labeled with the manufacturer's name, the trade name of the material, and a batch 
number or symbol with which test samples may be correlated. 
 
The water retention test shall be in accordance with TxDOT Test Method Tex-219-F.  Percentage 
loss shall be defined as the water lost after the application of the curing material was applied.  The 
permissible percentage moisture loss (at the rate of coverage specified herein) shall not exceed the 
following: 
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24 hours after application............2% 
72 hours after application............4% 

 
Type 1 (Resin Base Only) curing compound will be permitted for slab concrete in bridge decks and 
top slabs of direct traffic culverts. 
 

(b) Mat curing of concrete is allowed where permitted by Table 1 in this specification or 
where otherwise approved by the OAR. 

 
3.  EXPANSION JOINTS 
 
Joints and devices to provide for expansion and contraction shall be constructed where and as 
indicated herein or on the plans. 
 
All open joints and joints to be filled with expansion joint material, shall be constructed using forms 
adaptable to loosening or early removal.  To avoid expansion or contraction damage to the adjacent 
concrete, these forms shall be loosened as soon as possible after final concrete set to permit free 
movement without requiring full form removal. 
 
Prior to placing the sealing material, the vertical facing the joint shall be cleaned of all laitance by 
sandblasting or by mechanical routing.  Cracked or spalled edges shall be repaired.  The joint shall be 
blown clean of all foreign material and sealed.  Where preformed fiber joint material is used, it shall 
be anchored to the concrete on one side of the joint by light wire or nails, to prevent the material 
from falling out.  The top 1” of the joint shall be filled with joint sealing material. 
 
Finished joints shall conform to the indicated outline with the concrete sections completely separated 
by the specified opening or joint material. 
 
Soon after form removal and again where necessary after surface finishing, all projecting concrete 
shall be removed along exposed edges to secure full effectiveness of the expansion joints. 
 
4.  CONSTRUCTION JOINTS 
 
The joint formed by placing plastic concrete in direct contact with concrete that has attained its initial 
set shall be deemed a construction joint.  The term “monolithic placement” shall be interpreted to 
mean at the manner and sequence of concrete placing shall not create construction joints. 
 
Construction joints shall be of the type and at the locations shown on the plans.  Additional joints 
will not be permitted without written authorization from the OAR, and when authorized, shall have 
details equivalent to those shown on the plans for joints in similar locations. 
 
Unless otherwise provided, construction joints shall be square and normal to the forms.  Bulkheads 
shall be provided in the forms for all joints, except when horizontal. 
 
Construction joints requiring the use of joint sealing material shall be as detailed on the plans.  The 
material will be specified on the plans without referenced to joint type. 
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A concrete placement terminating at a horizontal construction joint shall have the top surface 
roughened thoroughly as soon as practicable after initial set is attained.  The surfaces at bulkheads 
shall be roughened as soon as the forms are removed. 
 
The hardened concrete surface shall be thoroughly cleaned of all loose material, laitance, dirt or 
foreign material, and saturated with water so it is moist when placing fresh concrete against it.  
Forms shall be drawn tight against the placing of the fresh concrete. 
 
5.  FORMS 
 
(1) General.  Except where otherwise specified, forms may be of either timber or metal. 
 
Forms for round columns exposed to view shall be of steel, except that other materials will be 
allowed with written permission of the OAR. 
 
Forming plans shall be submitted to the OAR for approval as specified.  Forms shall be designed for 
the pressure exerted by a liquid weighing 150 pounds per cubic foot.  The rate of placing the concrete 
shall be taken into consideration in determining the depth of the equivalent liquid.  For job fabricated 
forms, an additional live load of 50 pounds per square foot shall be allowed on horizontal surfaces.  
The maximum unit stresses shall not exceed 125% of the allowable stresses used by the TxDOT for 
the design of structures. 
 
Commercially produced structural units used in formwork shall not exceed the manufacturer's 
maximum allowable working load for moment, shear or end reaction.  The maximum working load 
shall include a live load of 35 pounds per square foot of horizontal form surface, and sufficient 
details and data shall be submitted for use in checking formwork details for approval. 
 
Forms shall be practically mortar-tight, rigidly braced and strong enough to prevent bulging between 
supports, and maintained to the proper line and grade during concrete placement.  Forms shall be 
maintained in a manner that will prevent warping and shrinkage. 
 
Offset at form joints shall not exceed 1/16”. 
 
Deflections due to cast-in-place slab concrete and railing shown in the dead load deflection diagram 
shall be taken into account in the setting of slab forms. 
 
All forms and footing areas shall be cleaned of any extraneous matter before placing concrete. 
 
Permission to place concrete will not be given until all such work is completed to the satisfaction of 
the OAR. 
 
If, at any stage of the work, the forms show signs of bulging or sagging, the portion of the concrete 
causing such condition shall be removed immediately, if necessary, and the forms shall be reset and 
securely braced against further movement.  No work shall be accepted and no payment shall be made 
for concrete work showing signs of bulging or other lack of vertical or horizontal control of forms. 
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(2) Timber Forms.  Lumber for forms shall be properly seasoned, of good quality, and free from 
imperfections which would affect its strength or impair the finished surface of the concrete.  The 
lumber used for facing or sheathing shall be finished on at least one side and two edges and shall be 
sized to uniform thickness. 

 
Form lining will be required for all formed surfaces, except for the inside of culvert barrels, inlets 
and manholes; surfaces that are subsequently covered by backfill material or are completely 
enclosed; and, any surface formed by a single finished board.  Lining will not be required when 
plywood forms are used. 
 
Form lining shall be of an approved type such as Masonite or plywood.  Thin membrane sheeting, 
such as polyethylene sheets, shall not be used for form lining. 
 
Forms may be constructed of plywood not less than one-half inch in thickness, with no form lining 
required.  The grain of the face plies on plywood forms shall be placed parallel to the span between 
the supporting studs or joists. 
 
Plywood used for forming surfaces that remain exposed shall be equal to that specified as B-B 
Plyform Class I or Class II Exterior, of the U. S. Department of Commerce, National Bureau of 
Standards and Technology, latest edition. 
 
Forms or form lumber to be reused shall be maintained clean and in good condition.  Any lumber 
which is split, warped, bulged, marred, or has defects that will produce inferior work, shall not be 
used and, if condemned, shall be promptly removed from the work. 
 
Studs and joists shall be spaced so that the facing form material remains in true alignment under the 
imposed loads. 
 
Wales shall be spaced close enough to hold forms securely to the designated lines and scabbed at 
least 4’ on each side of joints to provide continuity.  A row of wales shall be placed near the bottom 
of each placement. 
 
Facing material shall be placed with parallel and square joints and securely fastened to supporting 
studs. 
 
Forms for surfaces receiving only an ordinary finish and exposed to view shall be placed with the 
form panels symmetrical, i.e., long dimensions set in the same direction.  Horizontal joints shall be 
continuous. 
 
Molding specified for chamfer strips or other uses shall be made of materials of a grade that will not 
split when nailed and which can be maintained to a true line without warping.  Wood molding shall 
be mill cut and dressed on all faces.  Unless otherwise provided, forms shall be filleted at all sharp 
corners and edges with triangular chamfer strips measuring 3/4” on the sides. 
 
Forms for railing and ornamental work shall be constructed to standards equivalent to first-class 
millwork.  All moldings, panel work and bevel strips shall be straight and true with nearly mitered 
joints designed so the finished work is true, sharp and clean cut. 
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All forms shall be constructed to permit their removal without marring or damaging the concrete.  
The forms may be given a slight draft to permit ease of removal. 
 
Metal form ties of an approved type or a satisfactory substitute shall be used to hold forms in place 
and shall be of a type that permits ease of removal of the metal as hereinafter specified. 
 
All metal appliances used inside of forms for alignment purposes shall be removed to a depth of at 
least 1/2” from the concrete surface.  They shall be made so the metal may be removed without 
undue chipping or spalling, and when removed, shall leave a smooth opening in the concrete surface. 
 Burning off of rods, bolts or ties will not be permitted. 
 
Any wire ties used shall be cut back at least 1/2” from the face of the concrete. 
 
Devices holding metal ties in place shall be capable of developing the strength of the tie and 
adjustable to allow for proper alignment. 
 
Metal and wooden spreaders which are separate from the forms shall be removed entirely as the 
concrete is being placed. 
 
Adequate clean-out openings shall be proved for narrow walls and other locations where access to 
the bottom of the forms is not readily attainable. 
 
Prior to placing concrete, the facing of all forms shall be treated with oil or other bond breaking 
coating of such composition that it will not discolor or otherwise injuriously affect the concrete 
surface.  Care shall be exercised to prevent coating of the reinforcing steel. 
 
(3) Metal Forms.  The foregoing requirements for timber forms regarding design, mortar-tightness, 
filleted corners, beveled projections, bracing, alignment, removal, reuse and wetting shall also apply 
to metal forms, except that these will not require lining, unless specifically noted on the plans. 
 
The thickness of form metal shall be as required to maintain the true shape without warping or 
bulging.  All bolt and rivet heads on the facing sides shall be countersunk.  Clamps, pins or other 
connecting devices shall be designed to hold the forms rigidly together and to allow removal without 
injury to the concrete.  Metal forms which do not present a smooth surface or line up properly shall 
not be used.  Metal shall be kept free from rust, grease or other foreign materials. 
 
6.  PLACING REINFORCEMENT 
 
Reinforcement in concrete structures shall be placed carefully and accurately and rigidly supported as 
provided in the City Standard Specification Section 032020 "Reinforcing Steel".  Reinforcing steel 
supports shall not be welded to I-beams or girders. 
 
7.  PLACING CONCRETE-GENERAL 
 
The minimum temperature of all concrete at the time of placement shall be not less than 50 degrees F. 
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The consistency of the concrete as placed should allow the completion of all finishing operations 
without the addition of water to the surface.  When conditions are such that additional moisture is 
needed for finishing, the required water shall be applied to the surface by fog spray only and shall be 
held to a minimum amount.  Fog spray for this purpose may be applied with hand operated fogging 
equipment. 
 
The maximum time interval between the addition of cement to the batch and the placing of concrete 
in the forms shall not exceed the following: 
 
 
 Air or Concrete 
 Temperature 

 
 
 Maximum Time 

 
Non-Agitated Concrete: 

 
 

 
Above 80 degrees F 

 
 15 minutes 

 
Up to 80 degrees F 

 
 30 minutes 

 
Agitated Concrete: 

 
 

 
Above 90 degrees F 

 
 45 minutes 

 
75 degrees F to 90 degrees F 

 
 60 minutes 

 
35 degrees F to 74 degrees F 

 
 90 minutes 
 

 
The use of an approved retarding agent in the concrete will permit the extension of each of the above 
temperature-time maximums by 30 minutes for direct traffic culverts, and one hour for all other 
concrete except that the maximum time shall not exceed 30 minutes for non-agitated concrete. 
 
Before starting work, the Contractor shall inform the OAR fully of the construction methods he 
proposes to use, the adequacy of which shall be subject to the approval of the OAR. 
 
The Contractor shall give the OAR sufficient advance notice before placing concrete in any unit of 
the structure to permit the inspection of forms, reinforcing steel placement, and other preparations. 
Concrete shall not be placed in any unit prior to the completion of formwork and placement of 
reinforcement therein. 
 
Concrete mixing, placing and finishing shall be done during daylight hours, unless adequate 
provisions are made to light the entire site of all operations. 
 
Concrete placement will not be permitted when impending weather conditions will impair the quality 
of the finished work.  If rainfall should occur after placing operations are started, the Contractor shall 
provide ample covering to protect the work.  In case of drop in temperature, the provisions set forth 
in Article "Placing Concrete in Cold Weather" of this specification shall be applied. 
 
The placing of concrete shall be regulated so the pressures caused by the plastic concrete shall not 
exceed the loads used in form design. 
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The method of handling, placing and consolidation of concrete shall minimize segregation and 
displacement of the reinforcement, and produce a uniformly dense and compact mass.  Concrete 
shall not have a free fall of more than 5 feet, except in the case of thin walls such as in culverts.  Any 
hardened concrete spatter ahead of the plastic concrete shall be removed. 
 
The method and equipment used to transport concrete to the forms shall be capable of maintaining 
the rate of placement approved by the OAR.  Concrete may be transported by buckets, chutes, 
buggies, belt conveyors, pumps or other acceptable methods. 
 
When belt conveyors or pumps are used, sampling for testing will be done at the discharge end.  
Concrete transported by conveyors shall be protected from sun and wind, if necessary, to prevent loss 
of slump and workability.  Pipes through which concrete is pumped shall be shaded and/or wrapped 
with wet burlap, if necessary, to prevent loss of slump and workability.  Concrete shall not be 
transported through aluminum pipes, tubes or other aluminum equipment. 
 
Chutes, troughs, conveyors or pipes shall be arranged and used so that the concrete ingredients will 
not be separated.  When steep slopes are necessary, the chutes shall be equipped with baffle boards 
or made in short lengths that reverse the direction of movement, or the chute ends shall terminate in 
vertical downspouts.  Open troughs and chutes shall extend, if necessary, down inside the forms or 
through holes left in them.  All transporting equipment shall be kept clean and free from hardened 
concrete coatings.  Water used for cleaning shall be discharged clear of the concrete. 
 
Each part of the forms shall be filled by depositing concrete as near its final position as possible.  
The coarse aggregate shall be worked back from the face and the concrete forced under and around 
the reinforcement bars without displacing them.  Depositing large quantities at one point and running 
or working it along the forms will not be allowed. 
 
Concrete shall be deposited in the forms in layers of suitable depth but not more than 36” in 
thickness, unless otherwise directed by the OAR. 
 
The sequence of successive layers or adjacent portions of concrete shall be such that they can be 
vibrated into a homogenous mass with the previously placed concrete without a cold joint.  Not more 
than one hour shall elapse between adjacent or successive placements of concrete.  Unauthorized 
construction joints shall be avoided by placing all concrete between the authorized joints in one 
continuous operation. 
 
An approved retarding agent shall be used to control stress cracks and/or unauthorized cold joints in 
mass placements where differential settlement and/or setting time may induce stress cracking. 
 
Openings in forms shall be provided, if needed, for the removal of laitance of foreign matter of any 
kind. 
 
All forms shall be wetted thoroughly before the concrete is placed therein. 
 
All concrete shall be well consolidated and the mortar flushed to the form surfaces by continuous 
working with immersion type vibrators.  Vibrators which operate by attachment to forms or 
reinforcement will not be permitted, except on steel forms.  At least one stand-by vibrator shall be 
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provided for emergency use in addition to those required for placement. 
 
The concrete shall be vibrated immediately after deposit.  Prior to the beginning of work, a 
systematic spacing of the points of vibration shall be established to insure complete consolidation 
and thorough working of the concrete around the reinforcement, embedded fixtures, and into the 
corners and angles of the forms.  Immersion type vibrators shall be inserted vertically, at points 18” 
to 30” apart, and slowly withdrawn.  The vibrator may be inserted in a sloping or horizontal position 
in shallow slabs.  The entire depth of each lift shall be vibrated, allowing the vibrator to penetrate 
several inches into the preceding lift.  Concrete along construction joints shall be thoroughly 
consolidated by operating the vibrator along and close to but not against the joint surface. The 
vibration shall continue until thorough consolidation, and complete embedment of reinforcement and 
fixtures is produced, but not long enough to cause segregation.  Vibration may be supplemented by 
hand spading or rodding, if necessary, to insure the flushing of mortar to the surface of all forms. 
 
Slab concrete shall be mixed in a plant located off the structure.  Carting or wheeling concrete 
batches over completed slabs will not be permitted until they have aged at least 4 full curing days.  If 
carts are used, timber planking will be required for the remainder of the curing period.  Carts shall be 
equipped with pneumatic tires.  Curing operations shall not be interrupted for the purpose of 
wheeling concrete over finished slabs. 
 
After concrete has attained its initial set, at least 1 curing day shall elapse before placing strain on 
projecting reinforcement to prevent damage to the concrete. 
 
The storing of reinforcing or structural steel on completed roadway slabs generally shall be avoided 
and, when permitted, shall be limited to quantities and distribution that will not induce excessive 
stresses. 
 
8.  PLACING CONCRETE IN COLD WEATHER 
 
(1) Cast-in-Place Concrete.  Concrete may be placed when the atmospheric temperature is not less 
than 35 degrees F.  Concrete shall not be placed in contact with any material coated with frost or 
having a temperature less than 32 degrees F. 
 
Aggregates shall be free from ice, frost and frozen lumps.  When required, in order to produce the 
minimum specified concrete temperature, the aggregate and/or the water shall be heated uniformly, 
in accordance with the following: 
 

The water temperature shall not exceed 180 degrees F, and/or the aggregate temperature shall 
not exceed 150 degrees F.  The heating apparatus shall heat the mass of aggregate uniformly. 
The temperature of the mixture of aggregates and water shall be between 50 degrees F and 85 
degrees F before introduction of the cement. 

 
All concrete shall be effectively protected as follows: 
 
(a) The temperature of slab concrete of all unformed surfaces shall be maintained 
at 50 degrees F or above for a period of 72 hours from time of placement and above 
40 degrees F for an additional 72 hours. 
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(b) The temperature at the surface of all concrete in piers, culverts walls, retaining 
walls, parapets, wingwalls, bottoms of slabs, and other similar formed concrete shall 
be maintained at 40 degrees F or above for a period of 72 hours from time of 
placement. 
 
(c) The temperature of all concrete, including the bottom slabs of culverts placed 
on or in the ground, shall be maintained above 32 degrees F for a period of 72 hours 
from time of placement. 

 
Protection shall consist of providing additional covering, insulated forms or other means, and if 
necessary, supplementing such covering with artificial heating.  Curing as specified under Article 
"Curing Concrete" of this specification shall be provided during this period until all requirements for 
curing have been satisfied. 
 
When impending weather conditions indicate the possibility of the need for such temperature 
protection, all necessary heating and covering material shall be on hand ready for use before 
permission is granted to begin placement. 
 
Sufficient extra test specimens will be made and cured with the placement to ascertain the condition 
of the concrete as placed, prior to form removal and acceptance. 
 
(2) Precast Concrete.  A fabricating plant for precast products which has adequate protection from 
cold weather in the form of permanent or portable framework and covering, which protects the 
concrete when placed in the forms, and is equipped with approved steam curing facilities, may place 
concrete under any low temperature conditions provided: 
 

(a) The framework and covering are placed and heat is provided for the concrete and the 
forms within 1 hour after the concrete is placed.  This shall not be construed to be 1 hour 
after the last concrete is placed, but that no concrete shall remain unprotected longer than one 
hour. 
 
(b) Steam heat shall keep the air surrounding the concrete between 50 degrees F and 85 
degrees F for a minimum of 3 hours prior to beginning the temperature rise which is required 
for steam curing. 
 
(c) For fabricating plants without the above facilities and for job site precast products, the 
requirements of the Article "Curing Concrete" of this specification shall apply. 

 
The Contractor is responsible for the protection of concrete placed under any and all weather 
conditions.  Permission given by the OAR for placing concrete during freezing weather will in no 
way relieve the Contractor of the responsibility for producing concrete equal in quality to that placed 
under normal conditions.  Should concrete placed under such conditions prove unsatisfactory, it shall 
be removed and replaced at no additional cost. 
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9.  PLACING CONCRETE IN WATER 
 
Concrete shall be deposited in water only when specified on the plans or with written permission by 
the OAR.  The forms or cofferdams shall be sufficiently tight to prevent any water current passing 
through the space in which the concrete is being deposited.  Pumping will not be permitted during 
the concrete placing, nor until it has set for at least 36 hours. 
 
The concrete shall be placed with a tremie, closed bottom-dump bucket, or other approved method, 
and shall not be permitted to fall freely through the water nor shall it be disturbed after it has been 
placed.  The concrete surface shall be kept approximately level during placement. 
 
The tremie shall consist of a water-tight tube 14 inches or less in diameter.  It shall be constructed so 
that the bottom can be sealed and opened after it is in place and fully charged with concrete.  It shall 
be supported so that it can be easily moved horizontally to cover all the work area and vertically to 
control the concrete flow. 
 
Bottom-dump buckets used for underwater placing shall have a capacity of not less than 1/2 cubic 
yard.  It shall be lowered gradually and carefully until it rests upon the concrete already placed and 
raised very slowly during the upward travel; the intent being to maintain still water at the point of 
discharge and to avoid agitating the mixture. 
 
The placing operations shall be continuous until the work is complete. 
 
10.  PLACING CONCRETE IN BOX CULVERTS 
 
In general, construction joints will be permitted only where shown on the plans. 
 
Where the top slab and walls are placed monolithically in culverts more than 4’ in clear height, an 
interval of not less than 1 nor more than 2 hours shall elapse before placing the top slab to allow for 
shrinkage in the wall concrete. 
 
The base slab shall be finished accurately at the proper time to provide a smooth uniform surface.  
Top slabs which carry direct traffic shall be finished as specified for roadway slabs in Article "Finish 
of Roadway Slabs".  Top slabs of fill type culverts shall be given a reasonably smooth float finish. 
 
11.  PLACING CONCRETE IN FOUNDATIONS AND SUBSTRUCTURE 
 
Concrete shall not be placed in footings until the depth and character of the foundation has been 
inspected by the OAR and permission has been given to proceed. 
 
Placing of concrete footings upon seal concrete courses will be permitted after the caissons or 
cofferdams are free from water and the seal concrete course cleaned.  Any necessary pumping or 
bailing during the concreting operation shall be done from a suitable sump located outside the forms. 
 
All temporary wales or braces inside cofferdams or caissons shall be constructed or adjusted as the 
work proceeds to prevent unauthorized construction joints in footings or shafts. 
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When footings can be placed in a dry excavation without the use of cofferdams or caissons, forms 
may be omitted, if desired by the Contractor and approved by the OAR, and the entire excavation 
filled with concrete to the elevation of the top of footing; in which case, measurement for payment 
will be based on the footing dimensions shown on the plans. 
 
12. TREATMENT AND FINISHING OF HORIZONTAL SURFACES EXCEPT ROADWAY 
 SLABS 
 
All unformed upper surfaces shall be struck off to grade and finished.  The use of mortar topping for 
surfaces under this classification will not be permitted. 
 
After the concrete has been struck off, the surface shall be floated with a suitable float.  Sidewalks 
shall be given a wood float or broom finish, or may be striped with a brush, as directed by the OAR.  
Other surfaces shall be wood float finished and striped with a fine brush leaving a fine-grained 
texture. 
 
Roadway slab finishing is found in Section 025620 “Portland Cement Concrete Pavement.’ 
 
13.  CURING CONCRETE 
 
The Contractor shall inform the OAR fully of the methods and procedures proposed for curing; shall 
provide the proper equipment and material in adequate amounts; and shall have the proposed 
methods, equipment and material approved prior to placing concrete. 
 
Inadequate curing and/or facilities, therefore, shall be cause for the OAR to stop all construction on 
the job until remedial action is taken.  All concrete shall be cured for a period of 4 curing days except 
as noted herein. 
 
 EXCEPTIONS TO 4-DAY CURING 
 
Description 

 
Required Curing 

 
Upper Surfaces of Bridge Slabs and 

 
8 curing days (Type I or III) cement 

Top Slabs of Direct Traffic Culverts 10 curing days (Type II cement) 
 
Concrete Piling (non-prestressed) 

 
6 curing days 

 
When the air temperature is expected to drop below 35 degrees F, the water curing mats shall 
be covered with polyethylene sheeting, burlap-polyethylene blankets or other material to 
provide the protection required by Article "Placing Concrete in Cold Weather" of these 
specifications. 

 
A curing day is defined as a calendar day when the temperature, taken in the shade away from 
artificial heat, is above 50 degrees F for at least 19 hours (colder days if satisfactory provisions are 
made to maintain the temperature of all surfaces of the concrete above 40 degrees F for the entire 24 
hours).  The required curing period shall begin when all concrete therein has attained its initial set. 
 
The following methods are permitted for curing concrete subject to the restrictions of Table 1 and the 
following requirements for each method of curing. 
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(1) Form Curing.  When forms are left in contact with the concrete, other curing methods will not 
be required except for cold weather protection. 
 
(2) Water Curing.  All exposed surfaces of the concrete shall be kept wet continuously for the 
required curing time.  The water used for curing shall meet the requirements for concrete mixing 
water as specified in the specification Section 030020 "Portland Cement Concrete".  Seawater will 
not be permitted.  Water which stains or leaves an unsightly residue shall not be used. 
 

(a) Wet Mat.  Cotton mats shall be used for this curing method.  They shall be placed as 
soon as possible after the surface has sufficiently hardened to prevent damage to the concrete. 
(See Article, "Placing Concrete" of this specification.)  Damp burlap blankets made from 
nine-ounce stock may be placed on the damp concrete surface for temporary protection prior 
to the application of the cotton mats which may be placed dry and wetted down after 
placement. 

 
The mats shall be weighted down adequately to provide continuous contact with all concrete 
surfaces where possible.  The surfaces of the concrete shall be kept wet for the required 
curing time.  Surfaces which cannot be cured by contact shall be enclosed with mats and 
anchored positively to the forms or to the ground so that outside air cannot enter the 
enclosure.  Sufficient moisture shall be provided inside the enclosure to keep all surfaces of 
the concrete wet. 

 
(b) Water Spray.  This curing method shall consist of overlapping sprays or sprinklers that 
keep all unformed surfaces continuously wet. 
 
(c) Ponding.  This curing method requires the covering of the surfaces with a minimum of 
two inches (2”) of clean granular material, kept wet at all times, or a minimum of one-inch 
(1”) depth of water.  Satisfactory provisions shall be made to provide a dam to retain the 
water or saturated granular material. 

 
(3) Membrane Curing.  This consists of curing concrete pavement, concrete pavement (base), curbs, 
gutters, retards, sidewalks, driveways, medians, islands, concrete riprap, cement-stabilized riprap, 
concrete structures and other concrete as indicated on the plans by impervious membrane method. 
 
Unless otherwise provided herein or shown on the plans, either Type 1-D or Type 2 membrane 
curing compound may be used where permitted except that Type 1-D (Resin Base Only) will be 
required for slab concrete in bridge decks and top slabs of direct traffic culverts. 
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 TABLE 1 
  
 

 
 

 
 REQUIRED 

 
 PERMITTED 

 
 

 
 
 STRUCTURE UNIT 
 DESCRIPTION 

 
 
WATER 
FOR 
CURING 

 
MEMBRANE 
FOR 
INTERIM 
CURING 

 
 
WATER 
FOR 
CURING 

 
MEMBRANE 
FOR 
INTERIM 
CURING 

 
 1 

 
Top slabs of direct 
traffic culverts 

 
 
 X 

 
 
 X 

 
 

 
 

 
 2 

 
Top surface of  
any concrete unit upon 
which concrete is to 
be placed and bonded at 
a later interval 
(Stub walls, risers, etc.). 
Other superstructure 
concrete (wing walls, 
parapet walls, etc.) 

 
 
 
 
 
 
 X 

 
 

 
 

 
 

 
 3 

 
Concrete pavement 
(base), curbs, gutters, 
retards, sidewalks, 
driveways, medians, 
islands, concrete 
structures, concrete 
riprap, etc. 

 
 

 
 

 
 
 
 
 X* 

 
 
 
 
 X* 

 
 4 

 
All substructure 
concrete, culverts, box 
sewers, inlets, 
manholes, retaining 
walls 
 

 
 

 
 

 
 
 
 X* 

 
 
 
 X* 

*Polyethylene sheeting, burlap-polyethylene mats or laminated mats to prevent outside air 
from entering will be considered equivalent to water or membrane curing for items 3 and 4. 

 
Membrane curing shall not be applied to dry surfaces, but shall be applied just after free moisture has 
disappeared.  Formed surfaces and surfaces which have been given a first rub shall be dampened and 
shall be moist at the time of application of the membrane. 
 
When membrane is used for complete curing, the film shall remain unbroken for the minimum 
curing period specified.  Membrane which is damaged shall be corrected immediately by 
reapplication of membrane.  Unless otherwise noted herein or on the plans, the choice of membrane 
type shall be at the option of the Contractor.  Only one type of curing compound will be permitted on 
any one structure. 
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The membrane curing compound shall be applied after the surface finishing has been completed, and 
immediately after the free surface moisture has disappeared.  The surface shall be sealed with a 
single uniform coating of curing compound applied at the rate of coverage recommended by the 
manufacturer and directed by the OAR, but not less than 1 gallon per 180 square feet of area.  The 
Contractor shall provide satisfactory means and facilities to properly control and check the rate of 
application of the compound. 
 
The compound shall be thoroughly agitated during its use and shall be applied by means of approved 
mechanical power pressure sprayers.  The sprayers used to apply the membrane to concrete pavement 
or concrete pavement (base) shall travel at uniform speed along the forms and be mechanically 
driven.  The equipment shall be of such design that it will insure uniform and even application of the 
membrane material.  The sprayers shall be equipped with satisfactory atomizing nozzles.  Only on 
small miscellaneous items will the Contractor be permitted to use hand-powered spray equipment.  
For all spraying equipment, the Contractor shall provide facilities to prevent the loss of the 
compound between the nozzle and the concrete surface during the spraying operations. 
 
The compounds shall not be applied to a dry surface.  If the surface of the concrete has become dry, 
it shall be moistened prior to application of membrane by fogging or mist application.  Sprinkling or 
coarse spraying will not be allowed. 
 
At locations where the coating shows discontinuities, pinholes or other defects, or if rain falls on the 
newly-coated surface before the film has dried sufficiently to resist damage, an additional coat of the 
compound shall be applied immediately at the same rate of coverage specified herein. 
 
To ensure proper coverage, the OAR shall inspect all treated areas after application of the compound 
for the period of time designated in the governing specification for curing, either for membrane 
curing or for other methods.  Should the foregoing indicate that any area during the curing period is 
not protected, an additional coat or coats of the compound shall be applied immediately, and the rate 
of application of the membrane compound shall be increased until all areas are uniformly covered. 
 
When temperatures are such as to warrant protection against freezing, curing by this method shall be 
supplemented with an approved insulating material capable of protecting the concrete for the 
specified curing period. 
 
If at any time there is reason to believe that this method of curing is unsatisfactory or is detrimental 
to the work, the Contractor, when notified, shall immediately cease the use of this method and shall 
change to curing by one of the other methods specified under this contract. 
 
14.  REMOVAL OF FORMS 
 
Except as herein provided, forms for vertical surfaces may be removed when the concrete has aged 
not less than one day (24 hours) when Type I and Type II cement is used, and not less than 1/2 day 
(12 hours) when Type III cement is used, provided it can be done without damage to the concrete. 
 
Forms for inside curb faces may be removed in approximately three hours provided it can be done 
without damage to the curb. 
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15.  FINISHING EXPOSED SURFACES 
 
Concrete shall be finished as required in the specification Section for the respective item or as 
otherwise specified on the plans. 
 
An ordinary surface finish shall be applied to all concrete surfaces either as a final finish or 
preparatory to a higher finish. 
 
Ordinary Surface Finish shall be as follows: 
 

After form removal, all porous or honey-combed areas and spalled areas shall be corrected by 
chipping away all loose or broken material to sound concrete. 

 
Feather edges shall be eliminated by cutting a face perpendicular to the surface.  Shallow 
cavities shall be repaired using adhesive grout or epoxy grout.  If judged repairable by the 
OAR, large defective areas shall be corrected using concrete or other material approved by 
the OAR. 

 
Holes and spalls caused by removal of metal ties, etc., shall be cleaned and filled with 
adhesive grout or epoxy grout.  Exposed parts of metal chairs on surfaces to be finished by 
rubbing, shall be chipped out to a depth of 1/2" and the surface repaired. 

 
All fins, runs, drips or mortar shall be removed from surfaces which remain exposed.  Form 
marks and chamfer edges shall be smoothed by grinding and/or dry rubbing. 
 
Grease, oil, dirt, curing compound, etc., shall be removed from surfaces requiring a higher 
grade of finish.  Discolorations resulting from spillage or splashing of asphalt, paint or other 
similar material shall be removed. 

 
Repairs shall be dense, well bonded and properly cured, and when made on surfaces which 
remain exposed and do not require a higher finish, shall be finished to blend with the 
surrounding concrete. 

 
16.  MEASUREMENT AND PAYMENT 
 
Unless otherwise specified on the Bid Form, no direct measurement or payment will be made for the 
work to be done or the equipment to be furnished under this specification, but it shall be considered 
subsidiary to the particular items required by the plans and the contract documents. 
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