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Quality Concrete Section 4.1

Basics of Concrete

What is Concrete?

» Concrete in its basic form is a mixture of
three components: Portland Cement,
water and aggregate.

* The aggregates are generally divided into
two groups: sand and coarse aggregate

* Modifiers and chemical admixtures are
added to change the characteristics of the
concrete.
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Hydration

The chemical reaction between cementitious
particles and water that transforms the mix
of materials into a strong solid mass.

Hydration Process

Cement Reaction

C,S + H > CSH + CaOH
(Lime) (Water) (Cement) (Calcium Hydroxide)

C;S = Tricalcium Silicate (3CaO)(SiO,)

H = H,0

C-S-H = Calcium Silicate Hydrate gel
(indefinite composition)

Section 4.1
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What is Portland Cement?

Portland Cement is a binding material that is
manufactured from limestone, iron ore, silica
sand and alumina.

Portland Cement is produced in a plant
where raw materials are heated in a rotary
kiln. The heat from the kiln causes a
chemical reaction that converts the raw
materials to clinker. Then the clinker is
pulverized to form the cement.
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Modifiers
(02030)

Modifiers that have cementitious properties
and may be substituted for cement include:

- Fly Ash

 Silica Fume (Microsilica)

» Slag

Section 4.1
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Hydration Process

Cement Reaction
C,S + H |:> C-S-H + CaOH

Pozzolanic Reaction

CaOH + S :> C-S-H

S = Silicate (SiO,)

What is Fly Ash?

* Itis a byproduct of the combustion of pulverized
coal in electric generation plants.

* During combustion the coal’s mineral impurities
fuse in suspension and are carried away by the
exhaust gases. As the material cools and
solidifies into spherical glassy particles, it is
collected by electrostatic precipitators or bag
filters.

* Itis a pozzolan. When mixed with lime and water,
the Calcium Hydroxide byproduct combines with it
to form a cementitious material.

Section 4.1
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Fly Ash Properties

Requires less water

Improves workability

Less bleeding

Less segregation

Lower heat of hydration

Retards the setting of concrete
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What is Silica Fume
(Microsilica)?

* |Itis a very fine noncrystalline silica
produced in electric arc furnaces as a
byproduct of the production of elemental
silicon or alloys containing silicon.

* It is a pozzolan. When mixed with lime and
water, the Calcium Hydroxide byproduct
combines with it to form a cementitious
material.

Cement / Microsilica

Section 4.1
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Properties of Silica Fume
(Microsilica)

Reduces bleed water

Reduces segregation

Stickier mix and more difficult to finish

Aids pumpability

Properties of Silica Fume
(Microsilica)

Increases plastic shrinkage cracking

Reduces Permeability

Increases density

Conductivity of 1,000 coulombs vs. 2,500
coulombs for regular concrete
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What is Slag?

* It is a byproduct of the manufacture of iron
during the use of a blast furnace.

 Slag is the molten material that floats to
the surface on top of the molten iron. It is
quenched with water in a process known
as granulation and then ground to become
ground granulated blast-furnace slag
(GGBFS).

Slag Cement (GGBFS) is a hydraulic
cement with the following properties:

Better workability

Higher compressive & flexural strengths

Lower permeability

Improved resistance to aggressive
chemicals

Section 4.1
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Microsilica Concrete
Vs.
High Performance Concrete

Microsilica Concrete (MC)

« Used on deck structural overlays.

« Current mix designs are made up of
approximately 4% silica fume.

» Largest aggregate size is 3/8"

Section 4.1
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High Performance Concrete (HPC)

» Defined as concrete with conductivity of less
than 1,000 coulombs.

» Used on bridge decks.

Chemical Admixtures
(02040)
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Chemical Admixtures

Super Set Extenders

Retarders

Water Reducers

Air Entrainment

Accelerators

Slump Stabilizers

Concrete Strength

Section 4.1
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Manual of Concrete Practice
308R-4
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Fig 1.4—Compressive strength of 150 x 300 mm (6 x 12 in.)
cylinders as a function of age for a variety of curing condi-
tions (Kosmatka and Panarese 1988).

Manual of Concrete Practice
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Fig. 1.13—Sawyer (1957) demonstrated the effects of delay-
ing curing on abrasion resistance (1 mm = 0.04 in).

Section 4.1
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Manual of Concrete Practice

8
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Fig. 1-14. Concrete strength gain versus time for concrete
exposed to outdoor conditions. Concrete continues to gain
strength for many years when moisture Is provided by
rainfall and other environmental sources (Wood 1892).

W/C Ratio Example

One 10 yard truck of concrete mix has:
1800 Ibs water

6000 Ibs cementitious material

W/C Ratio = 1800 Ibs / 6000 lbs = 0.30

January 2017
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W/C Ratio Example

What happens if the truck driver adds 10

gallons of water on the jobsite to his truck?
1800 Ibs water + 10 gal (8.34 Ibs/gal)
6000 Ibs cementitious material

W/C Ratio = 1883 Ibs / 6000 Ibs = 0.314 = 0.31

W/C Ratio Exercise 1

One 8 yard truck of concrete mix has:
1872 Ibs water
4800 Ibs cementitious material

W/C Ratio =

Section 4.1
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W/C Ratio Exercise 2

One 8 yard truck of concrete mix has:
1872 Ibs water
4800 Ibs cementitious material

What is W/C Ratio if 10 gal of water are
added onsite?

Vibrating Concrete

Section 4.1
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View PCA Video
VC 108 '83

Vibrators
540.23 & 540.48(c)

* Minimum of 4,500 impulses per minute.

» Use min. of two vibrators on deck pours and
for other placements exceeding 50 cy per
hour except seals and drilled shafts.

» Use proper vibrating techniques.

Section 4.1
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Vibra-Tak

VIBRA-TAK Shde Fule Tackometer Page Tof T

VIBRA-TAK

¥

"SLIDE-RULE" DUO-TAK PAK
TACHOMETER

Co.

Verdell Instruments Sales
(818) 790-7083
s oo q

Administrative Office

424 Noren Street PO Box 1457
La Canada, CA91011  La Canada, CA 91012-5457
Home | Products
bty ST
k comindes ol 2302010
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Checking Vibrator

Proper Vibrating Techniques
(540.48(c))

* Apply vertically at points uniformly spaced not
more than 1% times the radius of action

* Do not use vibrators to move concrete

 Lowering it into the concrete through the full depth
of each layer.

* Penetrating into the previous layer on multilayer
pours.

» Avoid direct contact with form faces and
reinforcement.

Section 4.1
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Rubber Sleeved
for Epoxy Coated Bar (540.23)

Vibration Insertion Points

172 x Radius of Action

—

1% x Radius
I ofAction

Section 4.1
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Vibration Spacing Exercise

» Draw the radius of action for 9 insertion
points if the insertion spacing is 2 x the
radius of action.

» What results would you expect from this
type of spacing?

Section 4.1
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Placement Methods

Concrete pump

Crane & bucket
method

Conveyor belt

Mix truck & chute

Concrete Pump Hopper

Section 4.1
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Concrete Pump

Concrete Pump Hose

00540.22 (a)

1" Aggregate
Use 4" Hose

1 1/2" Aggregate
Use 5" Hose

January 2017
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Crane & Bucket

Mix Truck & Chute

Section 4.1
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Weather & Temperature Limits

Cold Weather Placement

Section 4.1
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Cold Weather Placement
540.49 (2)

« If air temperature is, or forecast to be, below
40°F the day of placement or the next 7 days
(14 days for decks), an approved plan is

required.

» Keep foundation, form surfaces and
reinforcing steel free of frost and ice.

» Temperature of the mix to be at least 60°F
when placed in the forms.

Cold Weather Placement Cont’d

If air temperature is below 40°F either:

« Heat mixing water to a temperature of at least 70°F
but not more than 150°F, or

+ Heat the aggregates with either steam or dry heat.

» The temperature of concrete with heated
aggregate, heated water or both shall not exceed
80°F before placing.

Section 4.1
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Enclosures

If enclosures are used, do the following:

* Record air temperature with a 24-hour recording
thermometer.

» Supply heat with a means of maintaining curing
moisture.

» Maintain the air temperature in the enclosure
between 60°F and 80°F for a period of 7 days
(14 days for decks) after placing concrete.

24-Hour Recording Thermometer

Section 4.1

28



Quality Concrete

January 2017

24-Hour
Temperature
Recording

&

¢
WhAS el
E) =

7
]
/)
L1

i
U

Section 4.1

29



Quality Concrete Section 4.1

DEC 21 2004

January 2017 30



Quality Concrete

January 2017

Insulated Forms
540.49 (2)(c)

Insulated forms capable of maintaining the
surface of the concrete temperature At Least:

50°F for a period of seven days
(14 days for decks)

May be used instead of enclosures and
heating.

Heating Under Bridge

Section 4.1
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Bear Creek Deck Temperatures

Bear Creek Br: Deck Temperatures (0 - 14 Days)
HPC 4350 With 5 Oz Delvo / Cwt

14 Days

—&—E Side, S Span
10 —8—SE Comer —
Ambient Air Temperature

Section 4.1
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Hot Weather Placement

Hot Weather Placement

* When concrete temperature approaches
80°F take appropriate action to lower the
concrete temperature.

— Add ice in place of water
— Night placements

* Do not place concrete on or in forms if
surface temperature of the forms or
reinforcing steel is 90°F or above.
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Deck Placement
540.49(b)

« Only if precipitation is not forecast
between 2 hours before and 2 hours after
the scheduled placement duration.

« An acceptable forecast will have less than
30% chance of precipitation for the entire
placement window.

Deck Placement
540.49(b) — Cont’d

» Provide a forecast to the Engineer 1 hour
before placement.

« Evaporation rate less than 0.10 pounds
per square foot of surface area per hour.

Section 4.1
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FIGURE 00540-1 SURFACE EVAPORATION FROM CONCRETE '
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Kestrel Meters - Handbeld Weather and Wind Melers - KestrelMeters com Paze 1
IM ———
KestrelMeters.com  r=umws nosim v ———— | 3000
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' Y

Wind Meters and Handheld Weather Meters from
Kestrelmeters.com

- BOVERMMENT PURCHASE ORDERS 2
- m—————r .nlrnn;:
—t R 61

ﬂ //kestrelmeters. com/ 117252014

Surface Evaporation Rate
Exercise
Air Temperature is 55°F
Humidity is 20%
Mix Temperature is 75°F
Wind Speed is 5mph

The surface evaporation rate is

Do you allow a deck pour to start with these

conditions?

January 2017
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FIGURE 00540-1 SURFACE EVAPORATION FROM CONCRETE '
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Preparations for Concrete

Before concrete is ordered:

 Verify that an approved mix design is on
file with the Material Section.

 Verify that the contractor has adequate
resources for the pour:

— A steady supply of Concrete
— Adequate Labor and Equipment
— Back-up Equipment at the jobsite

Delivery of the Concrete

Check delivery tickets for:
» Proper Project
« Concrete Class Per Plans and Mix Design

 Batch Time

— Concrete Must Be in FINAL POSITION within
90 Minutes of Initial Batch Time.

(00540.48(a))

Section 4.1
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Delivery of the Concrete — Cont’d

« Sample, Test, and Check Temperature as
required.

* If out of spec, test each truck until 2
consecutive loads meet specs. (00540.16)

» Wet down forms and foundation just
before placement but no standing water.

Sampling & Testing

Section 4.1
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| Dec 2 2004
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Section 4.1
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Concrete Temperature

Cylinders

Section 4.1
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Placing Concrete (00540.48(a))

» Place concrete as close as possible to final
position.

» Use appropriate chutes, drop buckets, pumps,
conduits, etc.

Do not drop concrete more than 5 feet.
(exception is drilled shafts with dry hole)

» Place concrete in layers not to exceed 18 inches
in depth.

4’ lifts during pour in abutment

Section 4.1

41



Quality Concrete

January 2017

Placing Concrete — Cont’d

 Rate of delivery should be continuous
without interruptions of more than 20
minutes. (00540.47)

» Deck placement to proceed at 20 ft/hr
minimum. (00540.48(Qg))

* Proceed up grade from the lowest deck
elevation. (00540.48(g))

Concrete Consolidating

See Section 3, Quality Concrete,
For Proper Vibration Methods.

Section 4.1
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Joints

Joints

e Construction
« Expansion

e Contraction

Section 4.1
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Construction Joint

Used as a break between
concrete pours

Construction Joint
in Abutment with Chamfers?

; ;3-.-‘ :,‘r—-'_".“.'ﬂhvf g\l??ul‘ll
i : e j',.p“ =1

Section 4.1
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Construction Joints

Only at Planned/Approved locations.

“‘Roughened-surface” only or “shear-key”
with roughened surface per plans.

At least 50 % laitance removal

Pre-wet for next pour.

Deck Cold Joint With Keyway &
Using Concrete Surface Retarder

Section 4.1
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Roughened Surface On Stemwall
Using Surface Retarder

Roughened Surface On Deck Joint
With Bush Hammer

Section 4.1
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Roughened Surface On Deck Joint
With Scabbler

Expansion Joints

Section 4.1
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Expansion Joints

Allows movement between adjoining parts of
a structure where expansion and contraction
will occur.

Expansion joints use compressible material
or open space to allow the structure to
expand or contract without breaking the
concrete.

Expansion Joint

Section 4.1
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Expansion Joint

Expansion Joints?

Section 4.1
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Expansion Joints

See Section 14, Deck Construction,
for Deck Expansion Joints

Contraction Joints

Section 4.1
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Contraction Joint

A formed or tooled groove in the concrete
surface that creates a weakened plane to
control where cracking will occur.

Contraction Joints

5'max B
Spacing
RD720

Section 4.1
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15" max
Spacing
00759.49

Contraction Joints

15" max
Spacing
(BR200)

Contraction Joints

Section 4.1
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Curing Concrete

Concrete must be properly cured
to obtain the design strength and
to minimize shrinkage cracks.

Curing Concrete
540.51

With water
7 days or as specified (14 days for decks)

As soon after placement as possible without
causing damage

On decks cover with initial covering immediately
after finishing and within 20ft and 20 minutes of
deck machine

Section 4.1
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Concrete Is Dry

Abutment Not Well Covered

Section 4.1
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Dry Concrete

Abutment Has Plastic,
But No Burlap and Dry Concrete

Section 4.1
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Curing Concrete Cont’d
540.51

* Do not interrupt the cure for more than 1 hour
during the 7-day cure (14 day for decks).

» Add additional cure time if temperature drops
below 45°F 540.51 (c).

Deck Curing
540.49 (b)

» Provide wind breaks, fog nozzles or any other
approved method to prevent premature drying.

Premature drying is defined as evaporation of
0.10 pounds or more per square foot per hour,
as determined from Figure 00540-1.

« Cover with single layer of clean initial covering
immediately after finishing concrete.

Section 4.1
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Deck Curing Cont’d

* Cover with:

— Material of sufficient length to reach from side
to side unless approved lengthwise.

— Wet burlap having dry mass of 10 oz. per yard
for 40" wide (presoak with wetting agent before
using).

— Dry polypropylene material. Fog material
immediately after placing to dampen without
causing running water.

Deck Curing Cont’d

« Cover within one hour with polyethylene film
— 4 mil thickness

— Clear or white when the air temperature is
expected to go above 65°F, black at other
times. Once a type of film has been
selected do not change it during the cure
period. 540.51(b)

Section 4.1
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Deck Curing Cont’d

» Soak the deck to keep it saturated at all times
during the curing period.

Section 4.1
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Oregon
Department
of Transportation

Project Information

Post Pour Checklist

Project Name (Section) |

| Contract No. |

Highway

| Federal Aid No.|

Contractor or Subcontractor |

Placement Description: |

Placed
Cure Materials 540.51 Yes | No | N/A Date/Time Placed Remarks
Burlap igig
Polypropylene HEEEREN
Polyethylene (plastic) igig
Continuous water for decks HEEEREN
Soaker hoses at 10 feet on decks igig
Water Source:
Joint Preparation 540.43(a) When ‘|
How
Cold Weather Protection 540.29(a) Plan Approved: [] Yes [] No Date Approved:
Description
Temp. Monitoring
CURE DURATION Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day9 | Day10 | Day11 | Day12 | Day13 | Day 14
Wet Cure I I A I A O
Protection I I A I A O
Forms Removed I I A I A O
WEATHER Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day9 | Day10 | Day11 | Day12 | Day13 | Day 14
High Temp
Low Temp
Sky Conditions

Curing Compound on Non-Structural Items (only if approved)

Area (yd?) Amount Applied (gallons) Rate

gallon/yd?

Remarks

Prepared by

734-2627 (11-2010)

http://www.oregon.gov/ODOT/HWY/CONSTRUCTION/hwyConstForms1.shtml

10f1
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Cure in Rail Area?

Section 4.1
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80°, color of plastic?
Cure at rails?

v =

Marks from cure boards

Section 4.1
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Shrinkage Cracks,
Cure Was Blown Off

3 ~"‘ B\

Surface Finishing

Section 4.1
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Surface Finishing

Concrete surfaces are finished to:

e Seal the surface from water and other
elements that can rust or corrode metal
ties and reinforcement within the concrete.

* Provide a uniform, pleasing appearance
for surfaces that will remain visible to the
public.

Classes of Surface Finishes
540.53

* General Surface Finish

» Class 1 Surface Finish
(Ground & Coated)

» Class 2 Surface Finish
(Ground, Floated & Coated)

Section 4.1
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General Surface Finish

 Remove exposed metal to a depth of 17,
2” on structures within 25 miles of Pacific
Ocean.

« Remove rock pockets and unsound
concrete.

» Repair all air pockets over 1/4 inch in depth
and all form tie removals, rock pockets, and
unsound concrete and fill with an approved
patching material.

General Surface Finish Cont’d

« Repair all bulges, fins, depressions, stains,
or discoloration, on exposed surfaces, to
produce a smooth, uniform surface with
smooth uniform lines and appearance.

* The Engineer will determine the extent of
the required repairs.

Section 4.1
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General Surface Finish
on Wingwalls

Class 1 Surface Finish
(Ground and Painted)

» Complete the general surface finish.

» Grind the surface to remove all laitance
and surface film.

» Saturate the surface with water and paint,
while damp with a latex emulsion paint.
A minimum of two coats of latex emulsion
paint shall be applied.

Section 4.1
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Class 1 Surface Finish Cont’d
(Ground and Painted)

* The second coat may be applied any time
after the previous coat, when touched
lightly, does not adhere to the finger.

« Additional coats may be required to
provide uniformity in coverage and color.

« Sand may be added to the latex emulsion
paint to help achieve a uniform surface.

Class 1 Finish on Pier

January 2017 72
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Class 2 Surface Finish
(Ground, Floated & Painted)

» Complete the general surface finish.

* Grind the surface to remove all laitance and

surface film.

Float the surface with a rubber or sponge
float, using a paste of fine sand, cement,
water and bonding agent to fill all air holes
or voids, and to bring the surface to a
uniform texture.

Class 2 Surface Finish Cont’d
(Ground, Floated & Painted)

Keep the retextured surface damp a min. of 12
hours or until the paste has set, whichever is
longer.

If dusting occurs after the retextured surface sets
and is rubbed, then it should be refinished.

After the paste has set for a minimum of 24 hours,
the surface shall be saturated with water and
painted the same as the Class 1 Surface Finish.

Section 4.1
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