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Preface:

The primary purpose of a concrete parking lot is to provide a durable wearing surface for vehicular and pedestrian traffic and to safely transfer the wheel loads to the subgrade below. With proper consideration given in both the design and construction phases, a concrete parking lot can be constructed that will be durable, and provide a long service life. 
The basis for a concrete pavement thickness design differs from the layer coefficient method used in an asphalt or flexible pavement design. Through extensive analysis of both theoretical models and field tests, methods have been developed to design light to medium duty concrete parking lots without the need for extensive engineering services. Most notably are the methods developed by the Portland Cement Association (PCA) and the American Concrete Paving Association (ACPA) which are the basis for requirements reported in the Guide for the Design and Construction of Concrete Parking Lots, ACI 330-08 by the American Concrete Association (ACI). These resources also provided guidance on the site preparation and pavement construction. 

Light to medium duty commercial parking lots are those where the daily heavy commercial truck traffic is less than 300 units per day.  The thickness of the concrete pavement for these parking lots will typically be in the range of 4 to 7 inches, depending on the anticipated truck traffic, subgrade support (CBR), and concrete flexural strength. 
This guide will highlight some of the more important factors in the design and construction of light to medium duty concrete parking lots. The reader is encouraged to review the appropriate referenced documents to obtain a full understanding of the subject matter. 

 1. 0: Introduction: 

Due to the stiffness or rigidity of a concrete pavement, the stress imparted by a wheel load is transferred to the subgrade over a very large area; thus the stress imposed upon the subgrade is very low.  A concrete pavement works in conjunction directly with the prepared subgrade to carry the anticipated traffic loadings. As a result, a base or sub-base layer is not required nor recommended. 

Traffic loads imposed by 4 or 6 tired passenger vehicles have little or no influence on the thickness design and performance of concrete pavements. Therefore the average daily traffic (ADT) from passenger vehicles is disregarded in the thickness design of a concrete pavement.  The traffic criterion for thickness design is the frequency or repetition of axle loads from heavy commercial vehicles (HCV) expressed as the average daily truck traffic (ADTT). 
2.0: Geotechnical (soil) Characteristics

It is a wise and necessary investment to have a complete assessment of the soil characteristics in the area to be paved prior to establishing the thickness design. The soils evaluation required for the design of a concrete pavement is no different than that which would be required for an asphalt pavement design. 
As recommended in ACI 330-08, the soil investigation should include at least (1) soil classification, (2) liquid limits and plasticity index, (3) moisture-density relationship, (4) expansive characteristic, and (5) determination of the California Bearing Ration (CBR). The CBR value will be needed to estimate the support values of the soil for the thickness design calculations. Also, the soils investigation will identify any potentially problem soils that could result in premature failure of the concrete pavement if these conditions are not properly addressed in the design and construction of the parking lot. If high-volume change soils are identified a geotechnical specialist should be consulted to determine the necessary remedial measures.
Soil tests should be made during preparation of the paving site to assure proper compaction of the subgrade. The paving site should be proof rolled or otherwise evaluated prior to concrete placement to identify any potentially deficient areas in the subgrade. Areas found to be deficient must be corrected before paving operations begin. 
3.0: Base or Subbase

A base or subbase of granular material (crushed stone) is not needed or recommended between the subgrade and pavement in applications for light to medium concrete parking lots. A subbase will not appreciably increase the load carrying capacity of the concrete pavement or permit the use of a thinner concrete section. 
 An unintended consequence of a subbase is an increase in sliding friction between the concrete pavement and subbase. This increase in subgrade friction may somewhat increase the likelihood of random mid-panel cracking. Therefore, a subbase should only be used when warranted by specific site conditions. If a subbase is required, it must be constructed of a dense graded material and adequately compacted; never use an open-graded material. 
4.0: Concrete Pavement Reinforcement:

Concrete pavements for parking lots are designed and intended to be NON-REINFORCED. The use of distributed steel reinforcement (deformed bars or welded wire fabric-WWF) is neither required nor recommended. 
Conventional steel reinforcement (deformed bars or WWF) does not increase the load carrying capacity of a concrete pavement supported on a grade. Distributed steel reinforcement only serves to restrain the width of any mid-panel cracks should they occur. Control of random cracking in a concrete parking lot pavement is intended to be accommodated by the use of adequately spaced control joints. 

Exceptions to the use of reinforcement in concrete parking lots are very few and limited. Such exceptions may include the following: 

· Reentrant corners: Where is it not feasible to align the control joint pattern to accommodate a reentrant corner, it is advisable to place reinforcing bars across the corner.  

· Irregular shaped panels: When irregular shaped panels cannot be avoided, either reinforcing bars or WWF can be used within the panel to restrain the width of any unintended mid-panel cracks that may occur.  

For reinforcement to be effective in limiting crack widths it must of sufficient size and be placed in the upper 1/3 of the pavement section, but with at least 1 ½ inches of concrete cover.  To assure proper positioning the reinforcement must be securely supported on chairs and should never be “hooked up” or floated into position.  
Should reinforcement be deemed necessary it must not extend through the control joints.  Reinforcement extending through the control joints will prevent the joints from operating properly thus negating the intended purpose of the control joint and accentuate the frequency of random cracking. 
5.0: Concrete Quality/Properties

The required class of concrete for a concrete parking lot will be based on two key factors: 
(1) Adequate durability to withstand environmental exposure, and 
(2) Sufficient flexural strength to resist deflection under service loads
5.1: Durability 
Concrete parking lots in Virginia will be exposed to numerous cycles of freezing and thawing as well as applications of deicing chemicals.   In order to provide a surface that will have adequate durability and resistance to deicer scaling, the concrete used in a concrete parking lot must meet the following criteria: 

a) A maximum water cementitious ratio ( W/Cm) of 0.45
b) A minimum design compressive strength of 4500 psi

c) Air entrainment (4 ½% – 7 ½% as placed)

Supplementary cementitious materials (SCMs), such as a pozzolans or slag, can be used in concrete for parking lot construction. In fact their use can be beneficial and should be encouraged. However, in areas where the parking lot may be exposed to deicer chemicals the maximum content of an SCM expressed as a percentage of the total cementitious material cannot exceed the following limits prescribed in the Building Code;  pozzolan 25%, slag cement 50%, silica fume 10%. 
5.2: Flexural Strength
The thickness design of a concrete parking lot can be based on various levels of flexural strength or modulus of rupture (MR) of the concrete, typically in the range of 550 to 650 psi at 28 days as measured by third point loading.  However, test data for the flexural strength of concrete are less common than for compressive strength. Also field testing for flexural strength is substantially more costly and variable than compressive strength testing. For these reasons it is often customary to use compressive strength for both the thickness design calculations and quality control testing of the concrete for the project based on an empirical relationship between compressive and flexural strength. 

For the compressive strength of a given concrete mix a conservative estimate for the flexural strength can be derived based on formulas 3-1 and 3-2 found in ACI 330-08. In most cases, the minimum design compressive strength of 4500 psi required for durability will likewise provide a corresponding flexural strength adequate to establish the pavement thickness design for flexural strengths in the range of 550 to 650 psi. Below are calculated estimates of flexural strength for a design compressive strength of 4500 psi based on the referenced formulas. 

· Rounded Coarse Aggregate 

540 psi

(Formula 3-1)

· Angular Coarse Aggregate

670 psi

(Formula 3-2)

Since the durability considerations for deicer exposure dictates a minimum design compressive strength of 4500 psi, it is acceptable to use a corresponding design flexural strength on the order of 650 psi to determine the thickness design of the pavement. Therefore, all examples in this guide are based on a default MR of 650 psi with the understanding that an angular coarse aggregate of 1 inch nominal maximum size will be used in the concrete. If a rounded coarse aggregate (gravel) is proposed for use on a project then tests must be conducted with the proposed materials and mix design to verify compliance with the design flexural strength, regardless of the compressive strength of the concrete mixture. 

6.0: Thickness Design Procedures: 
The thickness design of a concrete parking lot pavement will be based on three criteria:
· Soil support

· Average daily truck traffic (ADTT)

· Concrete flexural strength or MR
6.1: Soil Support Value

First the soil support must be determined. The modulus of subgrade reaction, “k”, is the measure of soil support upon which concrete pavement thickness designs are based. However, the method to determine “k” is a field test which is difficult and costly to run, and rarely tested.  Therefore instead of using a direct measurement for k, the soil support will be established from the CBR value determined in the geotechnical evaluation. An estimate of “k” can then be made based on the empirical relationship between CBR and k. These generally accepted relationships are shown below in the Table 1. 
	Table 1: Relationship of CBR to k Values

	Design CBR, range  
	</= 3.5 
	4.5 – 7. 5
	8.5 – 12 
	>12

	Subgrade Modulus of Reaction k
	k = 100
	k = 150 
	k = 200
	k = 300


6.2:  Truck Traffic Volume

ACI 330-08 provides guidance regarding the various traffic categories that may be encountered in a commercial parking lot. For a given project, the average daily truck traffic (ADTT) will have to be either defined by the owner or based on estimates of truck traffic volumes of similar facilities. 
6.3: Concrete Flexural Strength

 Finally the design flexural strength or modulus of rupture (MR) of the concrete must be established for use in the thickness design calculations.  This can be based on either a test history, laboratory testing, or an estimate based on compressive strength. As discussed in Section 5.2, generally an empirical relationship between compressive and flexural strength will be used to provide an estimate of the design flexural strength. 

6.4: Determine Required Pavement Thickness 

Once the three input variables have been established it is now a relatively simple task to refer to the design tables in ACI 330-08 or other similar sources to determine the concrete pavement thickness required.  Table 2 shows an example of a design table for a flexural strength (MR) of 650 psi and a design life of 20 years.  

If desired, a design life other than that used in Table 2 can be accommodated by adjusting the ADTT for design purposes.  For example, if you want to use a 30 year design life simply multiply the anticipated ADTT by 30/20 or 1.5 and use this increased or factored ADTT value as the traffic input in the table. 

	Table 2

Example Concrete Pavement Thickness Design Table

Adapted from ACI 330-08

	CBR Value 


	3.5 – 7.5
	8.5 – 12 
	>12

	Design Subgrade Modulus of Reaction k
	k = 100
	k = 200
	k = 300

	Concrete Modulus of Rupture (MR) psi
	650
	650
	650

	Traffic Category
	ADTT 
	Pavement Thickness, Inches

	(A) Car Parking & Car Access Lanes 
	1
	4.0
	4.0
	4.0

	
	10
	4.5
	4.5
	4.0

	(B) Shopping Center Entrance & Service Lanes, Bus & Single Unit Truck Parking
	25
	5.5
	5.0
	4.5

	
	300
	6.0
	5.5
	5.0

	(C) Bus Entrance Lanes, Tractor Trailer Parking
	100
	6.0
	5.5
	5.5

	
	300
	6.5
	6.0
	5.5

	
	700
	6.5
	6.0
	5.5

	(D) Tractor Trailer Entrance Lanes  
	700
	8.0
	7.0
	6.5

	Note: Adapted from Table 3.4, ACI 330-08 for design life of 20 years.  


As an alternate to using the tables in ACI 330-08 or other sources, computer software packages are available that can be used to establish the thickness design based on the similar inputs. The application “StreetPave” by the American Concrete Paving Association (ACPA) is an acceptable alternative and can be obtained by contacting the ACPA at www.acpa.org. 

7.0: Subgrade Preparation:

Ultimately, the subgrade will be carrying the loads as distributed by the concrete pavement. Therefore, proper subgrade preparation is essential to produce a long lasting, low maintenance concrete parking lot. The subgrade preparation and testing thereof is no more or no less restrictive for a concrete pavement than that required for an asphalt pavement.  
Preparation of the subgrade requires more than just scraping off the topsoil. The subgrade should be compacted to a specified density and moisture condition as determined in the initial pre-construction soils evaluation. Soil tests should be made during the course of construction to assure proper compaction, and the site should be proof rolled prior to concrete placement to identify potentially deficient areas in the subgrade. 

The final fine grading of the subgrade should produce not only a smooth and dense surface but must be within close tolerances to the desired finished grade. Not only does this prevent the unnecessary waste of concrete when the site is over excavated, but helps to prevent random mid-panel cracking that can result from thickness variations in the concrete. ACI 330-08 recognizes tolerances of +1/4 inch to -1/2 inch from the design grade.

Prior to placement the subgrade should be moist but with no standing water. If the subgrade has become saturated and/or is frozen concrete should not be placed until such time that the subgrade can be returned to a suitable condition. 
8.0: Placing and Finishing

Concrete can be placed by any conventionally accepted method: hand-placement, vibratory screed, slip-form machine, laser screed, etc. The slump of the concrete should be of a level suitable for the method of placement used, but should not exceed 5 inches in any case. When using mechanical placing equipment (vibratory screed, etc.) the slump should be limited to a maximum of 4 inches. Higher slump can result in segregation of the concrete near the surface promoting the development of a mortar-rich surface layer and depletion of the entrained air void system which will render the concrete surface less durable and prone to surface scaling. 
The construction should accommodate as large a placement at one time as is practical to minimize the number or frequency of construction joints.  Lane-at-a-time paving is not necessary.   Alternate panel or “checker board” construction should never be used to construct a concrete parking lot. 

The placement technique should provide adequate consolidation of the concrete. Use of internal vibrators or spading may be required to achieve adequate consolidation at formed edges and construction joints. 

The minimum finishing effort should be used to achieve the desired surface texture. Generally this should be limited to bull-floating followed by a texturing drag or brooming. The use of power floats and/or power trowels must not be used due to the potential depletion of the entrained air voids at the surface producing a less durable surface that will be prone to scaling and abrasion. 
9.0: Concrete Testing: 

During the course of concrete placement adequate testing of the concrete is required to assure that it meets the desired properties for slump and air content. The frequency of testing will vary depending on specific job conditions, but tests for slump and air content should be made at least daily or once for every 5000 ft2 of pavement surface area placed. 
Likewise, strength test specimens should be made at least daily or one set prepared for each 5000 ft2 of pavement surface area placed. These specimens must then be properly cured on site in strict accordance with the applicable test methods. 
The decision of whether to use compressive strength tests, flexural strength tests, or both will depend on the criticality of the project. However, for most light to medium duty concrete parking lots it is recommended to use compressive strength tests for evaluation and acceptance of the concrete rather than flexural strength tests. 

Sampling and field testing of the concrete is an integral part of the overall quality assurance for the project. These tests must be performed by qualified field testing technicians that have been certified through the ACI Field Testing Technician – Grade I Certification Program or equivalent program.  

10.0: Joints in Concrete Pavements 

10.1: Construction Joints

A construction joint must be properly installed at the point of completion of each placement. These construction joints must be planned out in advance to provide proper performance of the pavement. The location of construction joints should fall at an interval coinciding with the standard spacing of the transverse control joints. 

A butt-joint is the generally accepted detail for construction joints in light to medium duty concrete parking lots. The use of dowels or other load transfer devices are not required at construction joints for pavements in this category. 

Since a butt-type joint will not provide load transfer through aggregate interlock, as with a control joint, it is necessary to further strengthen the concrete pavement at construction joints. To accomplish this, the concrete pavement should be thickened by 20% or a minimum of 2 inches at the construction joint and then tapered over a four foot transition to the design thickness as shown in the detail in Appendix 2, Figure 1. 

Never use a formed keyway or stay-in-place metal keyway at construction joints. This only creates a weakened or unsupported edge at the keyway which will be prone to cracking and subsequent joint deterioration. 

Also, the concrete pavement should be thickened at any entranceway or transition from another pavement. 

10.2.0:   Transverse Control Joint Spacing and Depth

As concrete dries it will contract resulting in the development of tensile stresses within the concrete. Similarly stresses will develop due to thermal contraction as the concrete cools. The level of stress is largely dependent on the degree of shrinkage and the restraint to movement of the concrete pavement section. Ultimately the shrinkage stresses will result in the formation of cracks in the concrete pavement. 
To minimize or control shrinkage cracking, “control joints” are saw-cut in the pavement at predetermined intervals. These control joint serves to create a plane of weakness in the horizontal direction which will induce the formation of a crack at the joint thus relieving the stresses from drying shrinkage and thermal contraction. For the control joints to function properly they must be spaced at sufficiently frequent intervals and be of sufficient depth

The required spacing of the control joints if a function of the pavement thickness and level of subgrade friction. As noted earlier concrete pavements should be placed directly on the prepared subgrade without an aggregate base. The properly compacted subgrade will have a lower coefficient of friction than that of a compacted aggregate base thus reducing the level of restrain and minimize the potential for random cracking. Therefore, control joints for concrete pavements placed on a properly prepared subgrade shall be provided at intervals not to exceed 30t, as shown in Table 3, but not to exceed 15 feet in any case. 
	Table 3: Transverse Control Joint Spacing 
for Plain (unreinforced) Concrete Parking Lots 

	Thickness, in. 
	4.0
	4.5
	5.0
	5.5
	6.0
	6.5
	7.0

	Joint Spacing  ft
	10
	11
	12.5
	14
	15
	15
	15


The saw-cut should likewise be of sufficient depth to assure an adequate weakening in the horizontal plane such that any cracking will occur within the recess of the control joint.  The use of the early entry saw-cutting methods is recommended because it provides stress relief at a much early age to accommodate contraction due to both thermal contraction and initial drying shrinkage than with conventional saw cutting methods. For early-entry saw-cutting methods a joint depth of 1 inch is satisfactory. If conventional wet saw-cutting is used, the minimum joint depth should be ¼ the concrete pavement thickness. 
Contraction of the concrete is time and temperature dependent. Therefore control joints must be cut as soon as possible following concrete placement but certainly before the pavement goes through its first cool down cycle and even earlier if drying conditions are severe.  In no case should the control joints be saw-cut any later than 12 hours after concrete placement. 

10.2.1: Load Transfer Devices (Dowels) at Transverse Control Joints

There is a general misconception that load transfer devices are required to carry the wheel loads across saw-cut control joints in a concrete parking lot. Load transfer devices may be needed for industrial roadways or interstates which carry high volumes of high-speed heavy commercial vehicles. However, for light to medium duty parking lots where the volume of heavy commercial vehicles is relatively low (< 300 to 700 per day) the need for dowels at the control joints is neither necessary nor recommended.

When control joints are spaced sufficiently close (in accordance with the requirements of Table 3) there is satisfactory load transfer across a saw-cut control joint due to the frictional forces and aggregate interlock at the interface of the induced crack. Therefore, load transfer devices are not needed at control joints for light to medium duty concrete parking lots where the thickness design is 7 inches or less.

10.3: Longitudinal Control Joints and Depth: 
Longitudinal control joints are also required to minimize or control random cracking in the longitudinal direction. Longitudinal control joints should meet the same general criteria for spacing and joint depth as addressed in the section on transverse control joints.  
 If the general direction of travel in the parking lot is parallel to the longitudinal joints, the spacing between longitudinal control joints can be slightly increased from the requirements set forth for transverse control joints, but should not exceed 15 feet in any case. However, the aspect ratio of the panel formed should not exceed 1.25.
11.0: Curing Concrete
Curing of concrete relates to providing favorable conditions of moisture and temperature for a sufficient time duration to permit the hydration reactions of the cementitious materials to mature to an acceptable level. Curing is important for the development of a concrete surface of low porosity to enhance its durability. 

Favorable moisture conditions can be achieved by any of three general methods: (1) wet coverings or ponding, (2) covering with plastic, or (3) application of membrane-forming curing compound. The duration of uninterrupted curing should generally meet the minimum required by the Building Code, which is a period of 7 days moist curing at temperatures above 50 degrees F.  

Application of a membrane forming curing compound is probably the most expedient means of curing.  The curing compound should be applied at a rate and with equipment as recommended by the manufacturer. To provide thorough coverage the curing compound should be applied in two applications and as soon as possible following finishing to prevent premature moisture loss. 

Covering the concrete with plastic sheeting is likewise an effective means of retaining moisture. However, the use of plastic can result in a mottled discoloration of the concrete surface and its use should be avoided for this reason. 

In cold weather, the use of insulated curing blankets may be required to maintain a suitable minimum curing temperature. Insulation serves to retain the heat within the concrete generated from the cementitious hydration reactions. It is important to cover the slab as early as possible to preserve the heat of hydration.
12.0: Control Joint Sealing

Control joints are the most effective means of minimizing random cracking and the crack openings within control joints can accommodate any thermal expansion preempting or minimizing the need for true expansion joints in concrete parking lots. However, the control joints can act as a conduit for water infiltration to the subgrade. In well draining soils this may not be a problem, but for clay soils this can lead to a loss in subgrade support. In addition, as incompressible material (grit) fills the control joint its ability to accommodate thermal expansion is diminished and joint spalling may develop.  Therefore, it is necessary to properly seal control joints. 
The joint sealant should have the ability to both elongate and compress as the pavement goes through cycles of contraction and expansion. An elastomeric sealant should be used. To assure proper performance the manufactures’ recommendations on the sealant depth to width ratio should be followed. In general, depth of the sealant should not exceed 2 times the width of the joint. A closed-cell foam backer rod should be inserted within the joint to a proper depth to achieve the desired depth to width ratio of the sealant. Not only does this minimize the quantity of sealant required, it will improve the performance of the joint sealant. A typical control joint sealant detail is shown in Appendix 2, Figure 2. 
13.0: Sustainability:

The use of concrete for parking lots can also have environmental benefits. Dark pavement surfaces contribute to the “heat island effect” which increases the temperature in urban areas and the microclimate adjacent to the parking area. However, a concrete pavement is lighter in color and due to its solar reflectivity will minimizing the heat island effect. This is recognized in LEED 2009 which permits SS Credit 7.1 provided that 50% of the hardscape (roads, sidewalks, parking lots) is constructed with a material with a solar reflective index (SRI) greater than 29. New concrete has been assigned an SRI of 35 which will satisfy the requirements for this credit. 

Also, concrete is generally made of materials that are mined and/or manufactured regionally (within 500 miles of the project). The use of local and/or regional materials has been identified by LEED as environmentally beneficial. As a result, LEED 2009 allows a credit (MR – 5) which may be applicable to the use of concrete for the construction of the parking lot.  
A Final Consideration: 
Many areas of expertise are involved in the design and construction of a successful concrete parking lot project; ranging from the geotechnical engineer, pavement designer, grading contractor, concrete supplier, concrete placing contractor, and others. Although each party involved may be highly qualified in their specific discipline, it is important for each to understand how their involvement will interrelate with others in the overall scope of the project.  Therefore, a key element in the success of a concrete parking lot project is communication and coordination among the various stakeholders involved. When possible as many of the stakeholders should be consulted regarding decision points in pre-construction evaluations. At a minimum, a pre-construction conference should be held so that all those involved will be clear on their respective role in the project. This also will allow an opportunity to assure that all relevant specification requirements are met and to address measures to be taken in the event unexpected circumstances arise. The ultimate goal is to provide a finished product that will meet or exceed the owner’s expectations. 

This guide represents a synopsis of various design and construction recommendations recognized within the concrete construction industry. Additional resources and services are available to assist in the evaluation of the design for a specific concrete parking lot project through organizations such the Virginia Ready Mixed Concrete Association or the National Ready Mixed Concrete Association. For inquires or additional assistance please contact the writer at rneal@lehighcement.com.                                                    
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Appendix 1
	Table 1: Relationship of CBR to k Values

	Design CBR, range  
	</= 3.5 
	4.5 – 7. 5
	8.5 – 12 
	>12

	Subgrade Modulus of Reaction k
	k = 100
	k = 150 
	k = 200
	k = 300


	Table 2
Example Concrete Pavement Thickness Design Table
Adapted from ACI 330-08

	CBR Value 


	3.5 – 7.5
	8.5 – 12 
	>12

	Design Subgrade Modulus of Reaction k
	k = 100
	k = 200
	k = 300

	Concrete Modulus of Rupture (MR) psi
	650
	650
	650

	Traffic Category
	ADTT 
	Pavement Thickness, Inches

	(A) Car Parking & Car Access Lanes 
	1
	4.0
	4.0
	4.0

	
	10
	4.5
	4.5
	4.0

	(B) Shopping Center Entrance & Service Lanes, Bus & Single Unit Truck Parking
	25
	5.5
	5.0
	4.5

	
	300
	6.0
	5.5
	5.0

	(C) Bus Entrance Lanes, Tractor Trailer Parking
	100
	6.0
	5.5
	5.5

	
	300
	6.5
	6.0
	5.5

	
	700
	6.5
	6.0
	5.5

	(D) Tractor Trailer Entrance Lanes  
	700
	8.0
	7.0
	6.5

	Note: Table adapted from Table 3.4, ACI 330-08. 

Design life 20 years


	Table 3: Transverse Control Joint Spacing 

for Plain (unreinforced) Concrete Parking Lots 

	Thickness, in. 
	4.0
	4.5
	5.0
	5.5
	6.0
	6.5
	7.0

	Joint Spacing  ft
	10
	11
	12.5
	14
	15
	15
	15


Appendix 2
Figure 1: Thickened Edge at Construction Joint (ACI 330-08)
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Figure 2: Typical Detail for Sealing Control Joints
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