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Rick Smith
Structural Services, Inc

www.ssiteam.com

Who is SSI?

What Is SSI?

Engineers

Industrial
Floor
Finishers

Concrete
Technicians

Who Do We Service?

Our Professional Affiliations

 ACI – American Concrete Institute
o Sustaining Members

o ACI 302, ACI 330, ACI 360, ACI 117, ACI 223, ACI 640

ANATOMY OF A FLOOR SLAB
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Concrete Slab on Ground

Subbase

Subgrade

Concrete

Vapor Retarder

Isolation Joint
aka - Expansion joint

Construction Joint
aka  - Formed joint

Contraction Joint
aka - Control Joint

Random Crack

Saves 5 – 7% on
Annual Climate

Control Expense

Concrete Slab on Ground

Subbase

Subgrade

Concrete

Isolation Joint
aka - Expansion joint

Construction Joint
aka  - Formed joint

Contraction Joint
aka - Control Joint

Vapor Retarder

Concrete Slab on Ground

Concrete

Isolation Joint
aka - Expansion joint

Construction Joint
aka  - Formed joint

Contraction Joint
aka - Control Joint

Dowel Basket
Smooth Dowel

Plate Dowel

Curling and Joint Impact

Joint Faulting Due to No 
Positive Load Transfer

Retail – Trip Hazards

Office – Floor Covering Distress
Industrial – Joint Distress, Wheel 
and Equipment Damage

MOST EXPENSIVE TO 
MAINTAIN

Least expensive to build
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Non-Reinforced Spec 
Warehouse in PA

Joints ground flush Wrong Joint Filler

Non-Reinforced Spec 
Warehouse in PA

Structural Nosing Repair
Joint Stabilization via Grout or 
Foam Undergrouting

Lack of Positive Load Transfer 
Can Add $1.00 - $2.50 per Square 
Foot in Traffic Areas to Restore 

Floor Performance

Installing Dowel Baskets

Dowel Baskets Must Be Staked

Cutting Basket Wires Makes the 
Basket Unstable.  3 Plates 
Minimum.

Drawback to Dowel Baskets

45% of Joints in Speed
Bay were Unstable

Cracks Away from Dowels
Are Not Stable

Concrete Slab on Ground

Concrete

Smooth Dowel
Plate Dowel

Deformed
Reinforcement

Fiber
Reinforcement
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Industrial Project in 
Pennsylvania

1,164‐FT

400‐FT

Office 
Package

Construction Joints

¾” Round Dowels x 12” OC

Slip Joints
Cut WWR / Insert Basket Every 125‐FT

Deficiencies
4‐20‐2010

Random Cracks Being Filled
Dominant Joints Being Refilled

Deficiencies
6‐3‐2010

Few More Cracks Develop
Construction and Dominant Joints Separate

Deficiencies
7‐2‐2010

No New Cracking
Same Construction and Dominant Joints

Continue to Move
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Deficiencies
8‐5‐2010

Relative Humidity = 68.3%, Temperature = 79.3°‐F
No New Cracking

Continued Construction and Dominant Joint Movement 

Deficiencies Caused By 
Shrinkage and Thermal

8‐5‐2010
Relative Humidity = 68.3%, Temperature = 79.3°‐F

Floor Expands
Joint Filler at Dominant and Construction Joints Extrudes Upward

Deficiencies
Pour Back Separation and Spalling
Pour Back Strip Starts to Breakdown

Deficiencies
Typical Joint Separation
Some Can Be Refilled

Nosing Repair Recommended in Traffic Lanes

Deficiencies
Armored Joint Repairs Required

Two Forces in Play
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Drying Shrinkage

Wait as long as possible to fill your joints!!!

Thermal Expansion and 
Contraction

ACI 360 Joint Spacing
Typical Jointed Solution

50‐FT Columns – 12.5‐FT Joint Spacing
Limited Joint Solution

50‐FT Columns – 50‐FT Joint Spacing
No Jointed Solution

50‐FT Columns – Push All Movement to 
Construction Joints

0.011” Thermal Expansion 
for Delta T = +/‐ 15°‐F 

< 0.105” Shrinkage in 2‐YRS 
less creep and drag stress

0.045” Thermal Expansion 
for Delta T = +/‐ 15°‐F 

< 0.42” Shrinkage in 2‐YRS 
less creep and drag stress 

0.135” Thermal Expansion 
for Delta T = +/‐ 15°‐F 

< 1.26” Shrinkage in 2‐YRS 
less creep and drag stress 

Brokers are Killing Me

Minimal Potential for 
Extrusion Due to Thermal 

Expansion

< 0.105” Shrinkage in 2‐YR
Touchup after 12 to 18‐

Months

0.135” Thermal Expansion 
for Delta T = +/‐ 15°‐F 

< 1.26” Shrinkage in 2‐YRS 
less creep and drag stress.  
Wait to fill for as long as 

possible.
Significant Potential for 
Extrusion Due to Thermal 

Expansion

< 0.42” Shrinkage in 2‐YR
Touchup after 6, 12, 24 –
Months.  Must fill prior to 

traffic

Limited Joint Floors Consume More Joint 
Filler and Require More Maintenance 

HOW MUCH REINFORCEMENT
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Buildings are Getting Taller
Slab Thickness & 

Reinforcement

More Steel is Not Better Too Much Rebar ( 0.11 – 0.3%)

If Thickness = 6”
#4’s @ 18” OCEW = 0.19% 

DOMINANT JOINT AVOIDANCE

Dominant Joint Location
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Concrete will Respond to Thermal 
Expansion & Contraction

Shave or Hone Joint Flush
Semi-Rigid Epoxy or Polyurea 
will Extrude Upwards

Hybrid Construction Joint

Joint Free
“Limited Joint Floors” Fmin Superflat

6-FT Wide Aisles
Note Wheel Path Has 
Been Ground

Heavy Racks in Seismic Areas?
(CA, OR, WA, MO)

Look at Velocity Report

Produces 14.4‐KIPS
of Uplift

Produces 6‐KIPS
of Uplift
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Limited Joint Floor Applications

Very Heavy Loads on 
Hard Wheels Pile Supported Slabs
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Ground Improvement Sites Limited Joint Floor Applications

Floors with Strict 
Curvature Requirements

Suspended Slabs for 
Robotics

Suspended Slabs Designed 
for Serviceability

Shrinkage Compensating 
Concrete

Armored Joint to Protect 
Edges

Small Wheels Have No 
Impact on Joint

Changes in Material Handling 
Equipment

Limited Joint Floors
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Limited Joint Floors

½“ Radiused Edger Original Joint Filler Touch Up Filler New Distress
Filler Is Not 
Protecting 
Shoulder

Concrete Slab on Ground

Concrete

Curing Compound
Sealer

Chemical Densifier
Mineral or 

Metallic Shake

Specified 
Flatness (FF)

Levelness (FL)
Spectral Gloss

Distinctness
of Image

Slip Resistance
Roughness

Joint Filler
Semi Rigid
Semi Soft

CONCRETE MIX DESIGN

Concrete Mixture Components

Sand
ASTM C33

Natural
Manufactured

Blend

Cement
ASTM C 150
Type I, II, III, V
Now w/5% 
Inter-ground 
Limestone

Chemical
Admixtures

Aggregate
ASTM C33

Water

Mineral
Admixtures
Fly Ash
GGBFS
Silica Fume

Concrete Components

Air < 3%

Aggregates – Largest, Well 
Blended Combination 
Available.  Fractured Faces Are 
Better.

Cement – Enough to Coat the 
Aggregates, Make Strength 
and Provide Good Set Time

Sand – ACI 302 Blend 
with Limits on Fineness 
& Percent Manufactured

Water – Enough 
to Produce 2.5 to 
3” Slump Prior to 
Addition of 
Admixtures

ACI 302.1R
Guide for Concrete Floor and Slab 
Construction 

SSI Prefers a
5 +/- 1” Slump at 

Placement

Delivery Slump – The slump of the concrete as delivered to the site by the Transport Vehicle.
Tailgate  5 +/‐ 1”,  Pump 6 +/‐ 1”
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ACI 302.1R
Guide for Concrete Floor and Slab 
Construction 

520 – 540-LBS 
are Good 

Starting Points

Gap Graded / Elongated Particles

Cores 1, 2 & 3 – Problem Surfaces

Core 4 – No Issues 
with Surface or 
Durability

Aggregate Shadowing Roller Tamper

Roller Tamper + Mag Vibe for 
Polished Floors

DIFFERENTIAL SHRINKAGE & 
CURLING
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All Slabs with Joints or 
Cracks are Subject to Curl

Newly Placed Concrete

Evaporation of Water

Wet 
Cure RH = 100%

RH = 100% with No Vapor Retarder

RH of Soils = 100%

All Slabs with Joints or 
Cracks are Subject to Curl

Newly Placed Concrete

Wet Cure 
or VCT 
Removed RH ≈ 95%

RH > 95% W/O Vapor Retarder

Slab Lifts-Off Base

During and After Drying

RH < 85%

RH ≈ 95%

RH = 100%

Measuring Moisture Gradient

Differential Moisture with and 
without Intact Vapor Retarder

Curling at Joints
Warm Moist VS Cold Dry Environments

Warm Moist – No Curling 
Signature (Houston)

Cold Dry – Significant 
Curling Signature (Eagan, 
MN)
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Slab Curling Slab Curling

Saw Cut Spacing Impacts Curl

94

Curling Profiles
Vapor Retarder VS No Vapor Retarder

Moisture Injected Base Curling Profiles
Vapor Retarder VS No Vapor Retarder
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Vapor Retarder to No Vapor 
Retarder

Migrating to Vapor Retarders

Vapor Retarder

Moisture Sensitive 
Flooring & Adhesivies Sweating Slab Avoidance

With & Without Vapor 
Retarder

With & Without Vapor 
Retarder

Hygroscopic 
Salts from 
Soils

Calcium & 
Potassium 
Hydroxides

Refer to ACI 302 & 360
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Install it Properly Strategies

HVLS Fans to Warm Surface and 
Mix Air

Open Pore Voids by Grinding or 
Shotblasting, Coating Surface

ViewLinc Sweating Slab 
Resolution

Measuring Temperature, Humidity, Dew 
Point and Slab Surface Temperature

Measuring Temperature, Humidity and  
Dew Point

Control the Rapid Introduction 
of Highly Saturated Air

Interlock with Exhaust Fans & Louvers
ViewLinc Measures, Records, Reports 
and Controls Exhaust Fan Operation

WHAT ELSE? DEAL WITH THE WEATHER
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Weather / Environment

Kestrel Rate of Evaporation Tools
 http://construction.asu.edu/cim/

curing/curingfirstpage.htm

 http://www.weatherapp.us/

 Nomographs

 Deploy strategies when ROE > 
0.1-LBS/SF/HR

Fog

Watch Thermal Drawdowns Internal Environment

CO Detectors

 Vented heaters only

 CO < 15-PPM

 CO2 < 4500-PPM

Bigger Trowels = Flatter 
Floors = Longer Dry Times 

Do Not Burnish Floors Designed for 
Moisture Sensitive Floor Finishes
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JOINT PROTECTION

Low Filler

Staining
Residual Stain Protection 

Formula

UV Discoloration from T5 
Lighting & Cool Weather

Backer Rod 
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Dirty Joint or Inadequate 
Polyurea Dwell Time

Completed Repairs

Proof Roll Base Rutted from Construction

Future Slab

Surface Elevation

Rutted Base Material

Compacted Subbase/Subgrade

Specified Base 

Base

Tailgate VS Pump Proofroll
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Impact Echo Assess Trends

MAINTENANCE

Regularly Inspect Floor

 Year 1
o Inspect 4X per Year

 Years 2 - 3
o Inspect 2X per Year

 Years 4 and Beyond
o Inspect Annually 

Use the Right Brushes

 No Heavy Gauge 
Silica Carbide

 No Silica Carbide 
Impregnated

 No Steel 
Impregnated 
Cylinder Brushes

 No backup pad 
holders without the 
pad!

Keep it Moving

 Keep the machine 
moving or lift the 
brushes!

 Use Soft Nylon, Natural 
Fiber of Light Duty 
Polypropylene Brushes 
for Daily Cleaning
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Use pH Neutral Detergents and 
Well-Maintained Scrubbers

Don’t be a Chemist!
Regularly Scrub to Remove Salts, 
Dirt, Oils, Carbon Deposits

INDUSTRIAL PAVEMENTS

Dolly Pad Loads Pavements

Additional 2 or 3” of Concrete Terminal Tractors

Adds 2” of Thickness
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Thank You!

Any Questions?

Rick Smith
Structural Services, Incorporated

rsmith@ssiteam.com
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