Drilled Shaft Inspector Training

November 2016

Concrete
Operations

Lesson 7

opor.
MATERIALS &
INSPECTION

Standard and Special Provisions to be familiar with:

00512 — Drilled Shafts

00530 — Steel Reinforcement for Concrete
00540 — Structural Concrete

02001 — Concrete

00290 — Environmental Protection

Documents that you will need:
Drilled Shaft Inspector’s Checklist
Drilled Shaft Installation Plan
Drilled Shaft Inspector’s Report
Drilled Shaft Concrete Volumes
Drilled Shaft Concrete Volume Logs
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Concrete Operations
Learning Objectives

= Concrete basics
— mix design
— concrete placement
— concrete sampling and testing

= Concrete Placement Log
= Concrete Volume Log

= [nspector’s roles, and responsibilities

opor.
MATERIALS &
INSPECTION

Concrete Operations 7-2



Drilled Shaft Inspector Training

November 2016

Inspector’s Roles and Responsibilities

opor.
MATERIALS &

INSPECTION

Concrete Operations

ClYes [INo [JNA 31. Prior to concrete placement, has the slurry (both manufactured and natural) been tested in accordance with Section
00512.43(9)??

[CIYes [JNo [JNA 32. If required, was the casing removed in accordance with Section 00512.47(e)?

[JYes [JNo [JNA  33. Doesthe Contractor's tremie meet the requirements of Section 00512.47(a)?

[JYes [JNo [JNA 34 Wasthedischarge end of the tremie maintained in the concrete mass with proper concrete head above it at all times
(00512.47(c))?

[lYes [No [NA  35. Forshaftswith non-contact splices, have the cold joints been properly cleaned and roughened in accordance with
Section 00512.47(a)?

[JYes [[JNo [JNA 36. For shafts without non-contact splices, did the Contractor overflow the shaft until good concrete flowed out of the top
of the excavation (00512.47(a))?

[JYes [[JNo [JNA  37. Havethe Concrete Placement and Concrete Volume logs been completed?

[JYes [[JNo [JNA  38. Were the concrete acceptance tests performed as required?

ClYes [ONe [NA 39. Were the Crosshole Sonic Log (CSL) tubes filled with water and capped in accordance to Section 00512.467

Change to checklist image.
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Concrete Basics

What do you think are the desired characteristics of
drilled shaft concrete?

= Workability

= Self-consolidating

= Nominal aggregate size

= Temperature

= Strength

opor.
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Concrete Basics
What are the concrete properties, tolerances, and limits?
Standard Provisions 02001 Concrete

= Strength

= Air entrainment
= Slump

= Temperature

opor.
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OSSC 2015

00512.12 Concrete Mix Design - Design the drilled shaft concrete for minimum
segregation. Use the Engineer's reviewed and approved mix design.

* Add water to the concrete mix at the Project Site only if allowed by the
approved mix design. Accurately measure water added at the site by water
meters, buckets or other approved devices. Limit the addition of water at the
Project Site to 1 gallon per cubic yard.

* Provide concrete having the appropriate initial slump according to Table
02001-3. Use chemical admixtures from the QPL to control and maintain
slump and to facilitate temporary casing extraction.

» Design the concrete mix to maintain at least 4 inches of slump after
placement and throughout the entire duration of the pour including during
temporary casing extraction.
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Concrete Basics

Shafts
Type of
Concrete

(a) Strength — Provide concrete

meeting the required Classes shown

in the Contract Documents. The

class of concrete designates the

minimum required compressive Structural
strength, f'; at 28 days, and the

nominal maximum size of aggregate

to be used in the concrete (for

3,300 psi with a nominal maximum | Paving
size aggregate of %-inch).

opor.
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example, Class 3300 - %: f'.is | Drilled Shaft_|

_ . Table 02001-1
Strength required for Drilled [ Concrete Strength and Water/Cementitious

Material (w/cm) Ratio

Strength
(psi)
3300

3300
(Seal)

4000

4000
(Deck)

HPC4000

5000 and
above

HPC5000

andabove |

4000
4000

2001 concrete properties, tolerances and limits (continued)

Maximum
wicm Ratio

0.50
045
048
040
0.40
0401

040

048
0.44

Concrete Operations
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Concrete Basics
Required concrete strength?

Special Provisions

00512.10(b) Concrete — Replace this subsection, except for
the subsection number and title, with the following:

Use Class 4000 drilled shaft concrete according to Section
02001, except as modified in this Section. Water may be
added to the concrete mix at the Project Site only if allowed
by the approved mix design.

opor.
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INSPECTION
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Concrete Basics
2001 concrete properties, tolerances and limits (continued)

Air Entrainment required for Drilled Shafts

(b) Air Entrainment — Provide all concrete, except PPCM
with cast-in-place decks, seal concrete, and drilled shaft
concrete with entrained air in the amounts shown in Table
02001-2. Field measured entrained air content shall be
within £ 1.5 percent of target air entrainment values.

opor.
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Concrete Basics
2001 concrete properties, tolerances and limits (continued)

Slump required for Drilled Shafts

Table 02001-3

Concrete Slump

Condition Slump
Concrete without WRA 4" max.
Concrete with WRA 5" max.

Concrete with HRWRA 512" +21/2"

Precast Prestressed

Concrete with HRWRA 10" max.
Seal Concrete 8" + 2"
Drilled Shaft Concrete 81/2"+11/2"
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Concrete Basics
2001 concrete properties, tolerances and limits (continued)

Temperature required for Drilled Shafts

(d) Temperature — Provide concrete, at time of placement,
at a temperature between a minimum of 50° F and a
maximum of 90° F, except the maximum bridge deck
concrete temperature shall be 80° F.

opor.
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Concrete Basics
What are the concrete mix design criteria?

Standard Specifications
0512.12 Concrete Mix Design — Design the drilled shaft concrete for
WQuUM segregation. Use the Engineer’s reviewed and approved

= Add water to concrete mix at the Project Site o allowed by
the approved mix jgn. Accurately measure er added at the site
by water meters, b = Limit the
addition of water a ic yard.

= Provide concrete —
Table 02001-3. Use ¢ ical admixtures
maintain slump apefo facilitate temporary casi

according to
QPL to control and
xtraction.

Ing temporary casing extraction.
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Concrete Basics
What are the concrete mix design criteria?

Special Provisions
00512.10(b) Concrete — Replace this subsection, except
for the subsection number and title, with the following:

Use Class 4000 drilled shaft concrete according to Section
02001, except as modified in this Section. Water may be
added to the concrete mix at the Project Site only if allowed
by the approved mix design.

00512.12 Concrete Mix Design — Delete this subsection.
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opor.
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What does a

Concrete Mix Design look like?

Concrete Operations
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X DESIGN

OSSC 2015

02001.35 Required Submittals for Mix Designs - Submit the following information for each concrete mix design:

(a) Supplier's Unique Mix Design Identification Number

(b) Mix Design Constituent Proportions:

» Weight per cubic yard (pounds per cubic yard) of cementitious material, modifiers, fine and coarse aggregates (SSD),
and mix water.

* Absolute volumes of cementitious material, modifiers, fine aggregates and coarse aggregates (SSD), and mix water.
» Dosage rates for chemical admixtures.

(c) Aggregates - Identify the aggregate source by the ODOT source number. Report current values

of the following:

* Bulk specific gravities (SSD)

* Fine aggregate absorptions

 Coarse aggregate absorptions

* Dry-rodded density of coarse aggregates

* Fineness modulus of sand used in the mix design calculations

(d) Cementitious Material - For each cementitious material used, identify the following:

» Manufacturer

* Brand name

* Type

* Relevant Specification

* Source or location plant

(e) Modifiers - For each modifier used, identify the following:

» Manufacturer

* Brand name

* Source

* Relevant specification

* Class

(f) Admixtures - For each admixture used, identify the following:

» Manufacturer

* Brand name

* Design dosage rate

(g) Water - Identify the source of water to be used.

(h) Plastic Concrete Tests - Report the temperature, slump, density, air content, yield, and w/cm ratio of the trial batch or
the average of these values for the cylinder sets presented for evaluation of a current mix design.

(i) Compressive Strength Test Results - Report the individual test results and the ASTV of cylinders from the trial batch
or the average for the cylinder sets presented for evaluation of a current mix design.

() Strength Analysis - Provide an analysis, showing all calculations, demonstrating that the mix design meets the
requirements of 02001.33.

(k) Quality Control Personnel - Provide the name and certification number of the CCT who prepared the mix design, the
QCT who performed the plastic concrete tests and cast the test cylinders, the laboratory where the cylinders were tested,
and the CSTT who tested the cylinders.

Concrete Operations 7-14
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Test Results

preve

oooT
s Ietand Sand & Gravel C:
4315 SE Mck oughiin Sive P.0. Boa B2243-024%
Portiand, OR #77K
83501 . 19" AGGREGATE, £~ SLUMP, NO AIR, § HOUR MIX [6]

Mo of chareatons 43
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TIME  SLUMP
HOUR 1 95
HOUR 2 825
HOUR 3 7
HOUR 3.5 ¢/
HOUR 4 7
HOUR 4.5 625
HOUR 5 575
HOUR 5.5 5
HOUR & a5

Workability

MIX 93501 SLUMP RETENTION

OUR1 OUR 2 OUR 3 T E ouR4e OUR 4. OUR OuR OURE
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OREGON DEPARTMENT OF TRANSPORTATION
MATERIALS LABORATOKY
800 AIRFORT ED. X BALEN, Ok $73

QA1000 000

BAR WORNINGTON org
REGORY MORPHY g Unl
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OREGON DEPARTMENT OF TRANSPORTATION
TERY. RATORY

800 AIRPORT RD. SE SALEM, OR 97301-

Contract Ho.
REG

REG 1 OA BA No.: QA1000 000 Lab No.:
ON 1 COMMERCTAL SOURC

= arg mit: 7840
MRy Org Unit: RI
WA-020-2 AVERY PIT (WA-20-002-4)
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izt Rl
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STANDARD REQUIREMENTS
ASTM CH09 & AASHTO M302
CHEMICAL PHYSICAL
] o

Siag
Suifide sufir 35 5

Reference Cement
Total Asales
= o
"
CANF
canr W
catio
ASTM COHICIE0M. M 202-13 speckicasen
P il
s -
3T Tatar
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Client Sample Results
Clont Ross Isiand Ssnd & Gravel TestAmanica Job ID: $80-58437-1
FromcySte. Water
Client Sample 1D: River Water Lab Sample iD: 580-56437-1
Date Collected: 01/11/16 11:15 Matrix: Water
Date Received: O1/11/16 12:00
General Chemistry
o [ — °
rvorn ) 7]
Sutua az 2
Rens Guaitar " o
Aanity B @
Bear - 52
= so
Pororonie Aty 34 C2003 o 50
Totst Dnscived St “ "
Totni Sumpanded Sotids 82 o
758 v oo
TestAmancs Seatte
Pagesof 12 1192018
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Concrete Mix Design

Plastic Concrete
Test Results

opor.
MATERIALS &
INSPECTION

Knife River Materlals (Rsbg Divislon)R4000FDS.

Speoified Strengti= )
Required Strength = Specified Strength +1.34 X Standard Deviation
Required Strongth = .Liﬂ?____
Aversge of 28 day breaks = 63753 which excoeds Required Strengih

STDEV  SUMALA25 AVG Strength  AIRAVG ~ W/CAVG  Unlt Wi AVG
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Taw St | 28y Sl | Swmpinch | _Au(H)
4000) L A
I
i Dai

Due | 7daypsl | 28dwyrsi | Shmp bnch Al (%) Teap (F) WICRAip umw:.uwgw
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18 et 1M7L
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Slump Retention — “Workability”

Slump Retention - 1522395 - Drilled Shaft w/ Slag

"
5]

8

Slump, Inches

- ~ &= o -]

EEEEEEEESSEEECS:

=00
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3:00

400 S00 600 700
Elapsed Time, Hr:Min

8:00

— * Slump
—&— Soz Dara 17
No Recover

—&— Boz Dara 17
3oz Recover

—0— 8oz Dara 17
Eoz Recowver

—©— Boz Darz 17
Soz Recover

—@— 8oz Dara 17
120z Recover

4" Minimum slump has been changed to 6” in OSSC 2015

OSSC 2015

SP00512.12 Concrete Mix Design - Delete this subsection.

SP02001.20(c) Slump - Add the following paragraph to the end of this subsection:

For drilled shaft concrete, maintain a minimum slump of 6 inches throughout the

drilled shaft placement, including temporary casing extraction.

SP02001.35(h) Plastic Concrete Tests - Add the following paragraph and bullets to

the end of this subsection:

For drilled shaft concrete, report the following additional information:

» The total time estimate from initial batching through drilled shaft placement,

including haul time, placing concrete, and temporary casing extraction.

* Initial slump test results and subsequent results at 15-minute intervals,
verifying a minimum slump of 6 inches is maintained for the total time

estimated for drilled shaft placement, including temporary casing extraction.
Report data in a table or graph format.

Concrete Operations
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Concrete Mix Design

= Aggregate
— Coarse aggregate
— Fine aggregate

= Water

= Cement

ovor
MATERIALS &
%ﬁscrlom

Concrete Operations 7-24



Drilled Shaft Inspector Training

Concrete Mix Design

MIX DESIGN QUANTITIES:
Material Product/Souree
Cement Lehigh

Fly Ash Lehlgh Type F Centralis

Silica Fume  Mastar Builders
Water (Total) Clly

3/4"#4 Round Round Pralrle Source #10-029-3
3/8"#4 Round Round Pralfle Source #10-029-3
Flne Aggregate Round Praliie Source #10-029-3
Admixiures Master Builders
Total Mix Weight:
Alr (Enfrap/Entrain)
Total Mix Volume:

opor.
MATERIALS &
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English Unlts

Speo Volume
Grav  Walght (Ft3)
3.160 630ib 2.70
2660 132 1b 0.83
2,200 0lb 0.00
1.000 2851b 4.57
2620 * 0 Ib* - 0.00
2743*° 0 p* 0.00
2,728 * - 1430 b* 8.40
2.658 * " 1549 Ib* 9.34
1,000 18 1b 0.21

3939 Ib

3.5 % 0.5
27.00

Metric Units

Mass
314 kg
78 kg
0 kg
168 kg
0 kg*
0 kg*
848 kg*
922 kg*
Bk
2330 kg

Volume

(m3)
0100

-0.030

0.000
0.169
0.000
0.000
0.311
0.347
0.008

Concrete Operations

November 2016
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Concrete Mix Design

ADMIXTURES:
Product Product Name/Type Dosage Rate  Dosage (English) Dosaga (Matric)
Alr Entrainment MB-AE 80 0.00 oz/owi™* 0.0 oz/cy** 0 mL/ma*
Water Reducer PolyHaed 997 . 12,0 oz/owt** 79,0 oz/oy** 3069 mUm3*
Mid-Range WR PolyHeed 997 0.0 oz/cwi** 0.0 oz/cy*™ 0 mL/m3**
Superplasticizel PS 1466 6.0 oz/cvnr* 33.0 oz/oy** 1278 mL/m3**
Retarder . 0.0 oz/ewt 0.0 ozfcy** 0 mL/m3**
Delvo 16.0 oz/ewt** 89.0 oz/oy™ 3833 mL/m3**
Fibers - . . 00[bly* .0.0 ibfey** 0.0 kg/ma*

opor.
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Concrete
Mix Design
Review

OREGON DEPARTMENT 0F IRARSPORTATION
AT

LS LABO RATORY

8 ARPORT ROAD S 540 906 2000

SALEM_ OR 97014798 Fax: 580 956 2098

Contract No.. C14831 EA: CONOITS4 A NG STPLOSIOM Lab Ne. 15-CMDO0S

Project Name:  Nahalern River (Miaems-Foley Raf) Br (Lommen) Amendmert 1D ate

[er—; Misen-Foley Road
County: Amendment 3 Dater
Contracton Material Source Nehaierm Bay §and & Giave
Progect PAt: Mix Typee Gener

0DOT Pa: Spacined Stsegh: 4000

Submated By: Maxhom 37

Date Recuved: Eposure

Date Reparte: 10302015 Propused Use: Drived Shat

STRUCTURAL CONCRETE MIX DESIGN REVIEW
M Deshgn by K it wr Comracies MixDesignMe: 40000

T -

average e bach Comprssve Srengn S50 02 97 993
e 28 o e
Shump Retersion Cata @ 98 o
105-@0 s

Sans
456 Hs

Dot Comply with does not mparede,

delete 0¢ amend the Cantract refere e
Ao P Pl y T 1007018
ey
Covamct gy, Forts Dot 1. A e Gbem  GeTem
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Concrete Mix Design

Can you “transfer” an approved concrete mix design from
one job to another?

-y

LR

osor
MATERIALS &
INSPECTION

The Drilled Shaft mix design needs to follow the concrete mix design submittal requirements of
02001. Consequently - there really is no "transfer" meaning here's a mix design (Lab Report) from
this other project -> please assign it to this current project. There are a number of concerns with the
"transfer" approach. We've had instances where a mix design approved on a project is then approved
on other projects sometimes without any direct contact or involvement from the Concrete Producer.
This could be a problem if the Concrete Producer wants or needs to change an additive or update the
physical properties of materials. So there's a little more to it than just passing a recipe.

A recent example - a previously approved version of a Drilled Shaft mix used GGBFS instead of fly
ash due to a shortage of fly ash when that particular mix design was reviewed. The Concrete
Producer had since gone back to fly ash but | had a request to "transfer" the Drilled Shaft mix design
with GGBFS. You see the problem?

So the contractor needs to send in a complete submittal for each Contract.

As you now or are learning ~ Drilled Shaft concrete has two critical submittals. The Drilled Shaft mix
design which is evaluated according to 00512.12 and 02001 and the Drilled Shaft Installation Plan
evaluated according to 00512.40 Submittals.

I'm sure that some people have assumed that an approved mix design = an approved Drilled Shaft
Installation Plan. NOT TRUE! | do not review nor approve the Drilled Shaft Installation Plan. The mix
design (being a separate submittal) is but one aspect of the Drilled Shaft Installation Plan. Therefore -
the mix design submittal should typically precede the Drilled Shaft Installation Plan.

One of the things that | look for concerns the slump retention (workability) requirement of the
specifications. The concrete producer may or may not identify the anticipated duration of the drilled
shaft placement. However, there will usually be an additive used to hold the slump as required. The
exact details about duration of the placement - are to be included in and assured by the Drilled Shaft
Installation Plan which has its own 21-day review period.

Call me if you still have any questions.

Austin Johnson
503.986.5461
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Concrete Mix Design

How much water is the contractor allowed to add to the
concrete at the job site?

0SSC 2015
12 Concrete Mix Design - Design the drilled shaft concr

minimum tion. Use The Engineer's reviewed oved mix

design.

+ Add water to the concre roject Site only if allowed by the
approved mi ¥ ccurately measu added at the site by

ers, buckets or other approved devices. addition of
water at the Project Site to 1 gallon per cubic yard.

opor.
MATERIALS &
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Contractor may want to add water to the concrete at the job site for various reasons:

- increase workability
- increase slump
- change the temperature

In adding water to the concrete the mix design is effectively changed. By adding water this changes
important concrete parameters such as:

- water/cement ratio
- strength

- slump

- density

OSSC 2015
00512.12 Concrete Mix Design - Design-the-drilled-shaft concreteforminimum-segregation—Use
The Enai . . I . ian.

SP00512.12 Concrete Mix Design - Delete this subsection.

02001 and SP2001 does not allow for the addition of water unless it is approved in the mix design!
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Concrete Placement

Let the documentation begin!
Drilled Shaft Inspector’s Checklist

+ iy 1o follow when CONSTKENd )
e kﬂnumolm”uf‘z'uwwumus.

‘i‘ T e 3
— DRI
T T LLED Stiary EXCavaTg,
T e _ ﬁ"‘“*—__:ﬁn—\ N Log
—— nj—u:.k
- e

— D
Sy o COnone o e
~— TE p, -
o LA
— :-::::_:_ \\\‘ CE"'ENTLO
MATERIALS & S T R = S
INSPECTION — v —pm—— T—
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Concrete Placement

Completed documentation
= What is the placement procedure? What do you need to
know?
— Drilled Shaft Installation Plan
— Equipment
— On-site testing
* Who?

opor.
MATERIALS &
INSPECTION
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Concrete Placement

Concrete Placement in a Dry Shaft

What is dry?

00512.47 (b) Dry Shaft Concrete Placement Concrete may
be placed by free-fall if all of the following conditions are
met:

= No more than 3 inches of water is present in the bottom
of the excavation at the beginning of the pour

= Groundwater seepage into the excavation is at a rate of
no more than 12 inches per hour

= Shaft diameter is greater than or equal to 3 feet

opor.
MATERIALS &
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OSSC 2015
00512.47 Concrete — furnish and place concrete according to the following:

(b) Dry Shaft Concrete Placement - Concrete may be placed by free-fall if all of
the following conditions are met:

* no more than 3 inches of water is present in the bottom of the excavation at the
beginning of the pour

+ groundwater seepage into the excavation is at a rate of no more than 12 inches
per hour

» shaft diameter is greater than or equal to 3 feet

Under free-fall placement, deposit concrete through the center of the reinforcement
cage by a method which prevents segregation of aggregates and splashing of
concrete on the reinforcement cage. Place concrete so that the free-fall is vertical
down the center of the shaft without hitting the sides, the steel reinforcing bars or
steel cage bracing.
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Concrete Placement

Equipment Dry Shaft
= Drop chute

(8" minimum diameter)

= Pumped Tremie

(4" minimum diameter)

opor.
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What are the safety issues?

Note Beaver Ball — contaminated concrete

Concrete Operations

Tie-off,
hard hat.
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Concrete Placement

Dry Shaft Concrete Placement:
What is the allowable free fall distance?

00512.47(b) Under free-fall placement, deposit concrete
through the center of the reinforcement cage by a method
which prevents segregation of aggregates and splashing of
concrete on the reinforcement cage. Place concrete so that
the free-fall is vertical down the center of the shaft without
hitting the sides, the steel reinforcing bars or steel cage
bracing.

opor.
MATERIALS &
INSPECTION
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Concrete Placement

Wet Shaft Concrete Placement Equipment

= Tremie 4" minimum diameter
— Gravity/free fall is not allowed in a wet shaft
— Pressurized
* Plug/pig

= Equipment
— Pump

opor.
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Placement of concrete by freefall into a wet shaft is not allowed.

OSSC 2015

00512.47 Concrete - Furnish and place concrete according to the following:

(c) Wet Shaft Concrete Placement - If the drilled shaft excavation does not meet the requirements
for dry concrete placement, stabilize water inflow and place the concrete under water or slurry with a
tremie pipe or pump hose according to 00540.48(e). Place concrete continuously from the bottom of
the shaft to the top-of-shaft elevation shown. Use a plug in the tremie pipe or pump hose to force
water or slurry ahead of the advancing flow of fresh concrete. Dispose of all displaced water, slurry,
or waste concrete according to 00290.20. When groundwater, the drilling water or slurry in the shaft
excavation is to be removed by pumping during concrete placement, have a standby pump available.
Place concrete in a continuous operation so that the concrete always flows upward within the shaft.
Withdraw the delivery hose or pipe slowly as the elevation of the fresh concrete rises in the shaft.
Keep the discharge end of the pipe or hose at least 5 feet below the surface of the concrete
after the concrete has reached a depth of 5 feet. Maintain sufficient concrete inside the hose or pipe
to prevent drilling fluid from entering. During concrete placement, provide and maintain markings on
the tremie pipe or pump hose, or a sounding device or other appropriate method to determine the
relative elevations of the fresh concrete surface and the bottom end of the pipe or hose. Raise the
bottom end of the pipe or hose only when the pipe or hose has a sufficient head of fresh concrete to
prevent the formation of a void at the bottom.
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Concrete Placement

What are important factors in using a tremie?
= |nitially plugged
= Maintained a minimum of 5-foot head at all times

= Diameter of the tremie

opor.
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Concrete Placement

= “Place concrete continuously
until concrete at the top of the
shaft is free of water, soil, and
debris, and uncontaminated
concrete extends to the plan
of top-of-shaft elevation.”

= |s the casing being removed
too fast?

opor.
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There must be enough concrete to “overflow” the shaft to push out the water, soil,
etc. until there is uncontaminated concrete.

This picture shows an example where “overflow” is not happening.

OSSC 2015
00512.47 Concrete - Furnish and place concrete according to the following:

Place concrete continuously until concrete at the top of the shaft is free of water,
soil, and debris, and uncontaminated concrete extends to the plan top-of-shaft
elevation. Dispose of all contaminated concrete expelled from the top of the shaft in
an approved manner. Remove waste concrete from the site. If a delay in concrete
placement occurs because of a delay in concrete delivery or other factors, reduce
the placement rate to maintain a flow of fresh concrete into the shaft excavation
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Concrete Placement

= Minimum of 10 feet of
concrete above the bottom
of casing before the start
of removal

AND

= Maintain at least 5 feet
above the bottom of
casing at all times

opor.
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OSSC 2015

(e) Casing Removal - Remove all temporary casing during or after completion of
concrete placement. Do not start temporary casing removal until the level of fresh
concrete within the casing has reached a depth of at least 10 feet or the level
necessary to adequately counteract the external hydrostatic pressure head. As the
temporary casing is withdrawn, maintain a minimum 5 feet head of concrete above
the bottom of the casing. A slight downward movement of the casing while exerting
downward pressure, or hammering or vibrating the casing will be allowed to
facilitate extraction.

Extract the casing so that concrete is cast directly against the surrounding in-situ
material. Check the elevation of the top of the reinforcing cage before and after
temporary casing extraction for conformance with the construction tolerance criteria
of 00512.42. Casing that cannot be extracted during, or immediately after, the
concrete placement operation may be cause for rejection of the shaft.

Remove the tops of permanent casing to the top of the drilled shaft or the finished
groundline, whichever is lower, unless otherwise shown or directed. Remove the
tops of permanent casing for shafts constructed in a permanent body of water to the
low water elevation, unless otherwise shown or directed.
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Concrete Placement

How much time does the contractor have to batch,
transport and place the concrete?

00512.47(a) Concrete Placement — Unless otherwise
approved by mix design, allow a maximum of

60 minutes between concrete placements and use
no concrete older than 90 minutes from batch time.

opor.
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Concrete Placement — On-site Testing

= What tests are performed for drilled shaft concrete?
— Slump
— Temperature

opor.
MATERIALS &
INSPECTION

On first test, at ODOT have Region come out and do Verification testing through the
Region Quality Assurance Coordinator.
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Concrete Placement — On-site Testing

(b) Quality Control Technician (QCT):

Duties:

= Attend pre-placement meetings for bridge deck pours and paving.

= Be at the concrete placement site when concrete placement is in
progress.

= Have a copy of the mix design on-site and available during concrete
placement.

= Obtain and check each batch ticket upon arrival of the concrete at the
jobsite for the correct mix design.

= Sample the concrete and test for ambient air temperature, plastic
concrete temperature, slump, air content, density, w/cm ratio and
yield at the frequencies required by and according to the tests listed
in the MFTP, after concrete mixture proportions are adjusted in the
field, and at such times as requested by the Engineer.
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Concrete Placement — On-site Testing (continued)
(b) Quality Control Technician (QCT):
Duties:

= Notify the Contractor and the Engineer immediately when the
concrete is not in compliance with the Specifications.

= Be in direct contact with the CCT by telephone, radio or other means
to convey information.

= Notify the CCT of loads rejected and the reason for rejection.

= Notify the CCT immediately whenever the density of the plastic
concrete varies from the mix design target by more than + 3 pounds
per cubic foot.

= Notify the CCT immediately whenever the w/cm ratio varies from the
mix design target by more than + 0.03.

opor.
MATERIALS &
INSPECTION

Concrete Operations 7-42



Drilled Shaft Inspector Training November 2016

Concrete Placement

= Check that CSL tubes
were installed as per the
plans and filled with water
and capped as soon as
possible after the
concrete pour is
completed.

= Before testing, check to
see that the water level in
the tubes has not
dropped. CSL Tubes

opor.
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Filling the CSL tubes with water allows the CSL tubes to remain at the same temperature as the concrete so
that they do not debond from the concrete.

Debonding from the concrete will result in erroneous CSL test results.

Crosshole sonic log testing requires access tubes cast into the shaft concrete and attached inside the steel
cage. The access tubes for CSL testing are always steel to provide the best possible bond between the tube
and the concrete. These tubes need to be cast into the concrete at the time of construction. The tubes must be
filled with water to dissipate heat from concrete curing process. Without water in the tubes they may debond
from the concrete rendering them useless for testing.

It is very important that the tubes are installed on the proper spacing and maintain a straight alignment the full
length of the shafts. The results of the test are affected by the distance between each pair of tubes.

Different tests require different types of tubes (e.g., PVC for gamma-gamma versus schedule 40 steel for CSL).
Some tests require that the tubes are filled with water, and some don'’t.

OSSC 2015
00512.46 Crosshole Sonic Log Test Access Tubes - Furnish and install access tubes for CSL

testing as shown. Attach CSL access tubes securely to the interior of the reinforcement cage as near to parallel
as possible in each drilled shaft and in the pattern shown. Extend the access tubes from the bottom of the
reinforcement cage to at least 24 inches above the top of the shaft. Joints required to achieve full-length access
tubes shall be watertight. Do not damage the access tubes during reinforcement cage installation and concrete
placement. Fill the tubes with potable water, according to 02020.10(b), as soon as possible, but no more than
one hour after concrete placement and reinstall the top watertight caps. Check water level and top off as
needed.

Replace all access tubes that the test probe cannot pass through to the full depth of the shaft at no additional
cost to the Agency. Replace all damaged access tubes with 1.5 inch to 2.0 inch diameter holes cored through
the concrete for the entire length of the shaft. Unless otherwise directed, locate replacement core holes
approximately 6 inches inside the reinforcement. Do not damage the shaft reinforcement during coring
operations.

Fill the access tubes with grout only after all CSL testing has been completed and the shaft has been accepted.
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I St DRILLED SHAFT CONCRETE PLACEMENT LOG

Concrete Placement

PRIOR to Arrival
of Concrete

opor. o .
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0SSC2015
00512.40 Submittals - Provide the following submittals to the Agency for review
and approval:

(c) Drilled Shaft Inspection Reports - Provide the Engineer with a completed
Drilled Shaft Inspection Report for each drilled shaft, detailing the actual location,
alignment, elevations, dimensions, and quantities of the shafts. Submit the report
within 21 calendar days after the completion and acceptance of each shaft. A
"Drilled Shaft Inspection Report" form is available from the Engineer.

(d) Concrete Placement Logs and Volume Curves - Measure and record all
concrete placed into drilled shafts using standard ODOT forms designated for this
purpose or other forms approved by the Engineer. Provide the Engineer with a
completed Drilled Shaft Concrete Placement Log and Concrete Volume Curve Form
for each drilled shaft within 24 hours after completion of shaft concrete placement.
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C onc rete P I aceme nt F* ORILLED SHAFT CONCRETE VOLUMES

PRIOR to Arrival
of Concrete
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0SSC2015
00512.40 Submittals - Provide the following submittals to the Agency for review
and approval:

(c) Drilled Shaft Inspection Reports - Provide the Engineer with a completed
Drilled Shaft Inspection Report for each drilled shaft, detailing the actual location,
alignment, elevations, dimensions, and quantities of the shafts. Submit the report
within 21 calendar days after the completion and acceptance of each shaft. A
"Drilled Shaft Inspection Report" form is available from the Engineer.

(d) Concrete Placement Logs and Volume Curves - Measure and record all
concrete placed into drilled shafts using standard ODOT forms designated for this
purpose or other forms approved by the Engineer. Provide the Engineer with a
completed Drilled Shaft Concrete Placement Log and Concrete Volume Curve Form
for each drilled shaft within 24 hours after completion of shaft concrete placement.
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Concrete Placement

Arrival of Concrete

Documentation

T;‘u:k C\;};:::? Slump ATT:::I :‘:\: Finlsh Time 1;::;: g:f-‘:’::;z (delays, additives, h’::;‘::ﬁ:\g‘ casing removal)
1 8¢ 725 7:40 755 48 42 Initial QCT concrete test
2 8oy 7:40 8:00 8:10 48, 39
3 8y 8:00 8220 8:50 48 35
4 By 8:45 9:05 9:25 38 32 Second QCT concrete test
5 Boy 9:10 9:30 9:50 38 28
6 Boy 9:50 10:00 10:10 28 20 Truck was delayed by traffic
7 8oy 10:00 10:15 10:45 28 19 talked to contractor about the depth of concrete
8 8¢ 10:40 [ 10:50 11:20 28 19 talked to contractor about the depth of concrete
g 8¢ 11:00 | 11:30 11:40 28 15 Truck was delayed at plant
10 8oy 11:20 11:50 12:20 18 10 Third QCT concrete test
1 8oy 1226 | 1230 12:50 18 5
12 8 oy 12:40 1:00 1:45 18] 0 Finished pour
96 ¢y Total Concrete Volume Delivered (TVD)
Qg
MATERIALS &
INSPECTION
0SSC2015

00512.40 Submittals - Provide the following submittals to the Agency for review
and approval:

(c) Drilled Shaft Inspection Reports - Provide the Engineer with a completed
Drilled Shaft Inspection Report for each drilled shaft, detailing the actual location,
alignment, elevations, dimensions, and quantities of the shafts. Submit the report
within 21 calendar days after the completion and acceptance of each shaft. A
"Drilled Shaft Inspection Report" form is available from the Engineer.

(d) Concrete Placement Logs and Volume Curves - Measure and record all
concrete placed into drilled shafts using standard ODOT forms designated for this
purpose or other forms approved by the Engineer. Provide the Engineer with a
completed Drilled Shaft Concrete Placement Log and Concrete Volume Curve Form
for each drilled shaft within 24 hours after completion of shaft concrete placement.

Concrete Operations 7-46



Drilled Shaft Inspector Training November 2016

Concrete Placement

CONCRETING CURVE

rior to pouring concrete, a plot should be made showing the thedretical concrete surtace (by depth o elev.) vs. concrete volume
rface vs. the actual e volume placed is then plotted.

Documentation e -

i

GDEPTHIELEVATIDN (Feot
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Concrete Placement

For example

= |f you have a 5-gallon gas can but during filling up it takes only
3 gallons there is a problem. Something is taking up space in
the can has partially collapsed/dented. This is like a hole wall
cave-in a drilled shaft.

= |f filling the gas can and it takes more than 5 gallons your feet
are wet, you notice leaking. This is like a void in a drilled shaft.
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Concrete Placement Equations, Last One!

Volume of a shaft = Area x Length
nv= I8 XL

= To determine the volume of a shaft with a diameter of 6’
that is 20 feet long:
(A= 3'144)( 6% ) X 20" = 565.20 cubic feet I i ©

= 565.20 cf x 1 cy/27 cf = 20.93 cy

L=20
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Calculate Theoretical Volume of Concrete

= Diameter = &'

= Shaft Length = 50’

= Volume = "sz xL

= Volume = 3-14TX82 x 50
= Volume = 2,512 cubic feet

» Volume = 2,512 cf/27 =93 cy

If the shaft is perfectly shaped, it will take 93 cy to fill it completely.
Are drilled shafts ever perfect?
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Concrete Placement

CONCRETING CURVE

So what does it e L S ™
mean?
* Theoretical

line represents .

Volume (cy)/LF £

r§ /'

= At Calapooya - :

1.86 cy/LF

¥

0~ Gnan Botjom L s A b : A
B H “'CONCRETE VOLUME PLACED (cubic yards)
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Concrete Placement

T 0

Construction joint for
the non-contact splice

;

of Coné:réle 3

creased Rat

“Ihcreased Diameéter of Shatt-

Designed T
Bottom of Shaft|: |

=50 Ft

Constructed

Bottom of Shaft

| o=staRt i

2500

1000 1500 2000
Cumulative Volume (cf)
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-10
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Shaft Diameter based on incremental Volume:
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Concrete Placement

10

20

30

40

Depth to Concrete (ft)

Pl —— Actual| |

??Hiss
60 it N
[Botiom of Shaft |- -

THELE
ks wnnnn ERREL T

0 500 1000 1500 2000 2500 3000 BEUBRMNNVIBTEE54 56789 0NRZIBUBE
Shat Diameter (1) ShaftDameter ()
Cumulative Volume (cf) based on ncremental volume based on incremental volume
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Concrete Placement Conversions
1 foot = 12" .
= To convert 3" to feet: “_
= 3"x 1 foot/12" = 0.25 feet E
1yard =3’ 1
= To convert 4’ to yards: ’
= 4'x 1 yard/3'=1.33 yards :
k
Q&@s&&m
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Concrete Placement Equations (continued)
= Area of a circle = 1 x r?

= To determine the area of a circle with a diameter of 6"
3.14 x 32 =28.26 sf
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Concrete Placement Conversions

1 cubic yard = 27 cubic feet
= To convert 300 cubic feet to cubic yards:

= 300 cubic feet x 1 cubic yard/27 cubic feet
= 11.11 cubic yards
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Concrete Placement Equations

= Circumference of a circle = 1 X Diameter
= Diameter = Radius X 2

= To determine the circumference of a circle with a
diameter of 6': 6 X 3.14 = 18.84'
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EXAMPLE Class Drilled Shaft 12345 CON10000
BERT STATION SRAFT WO, THAFT DIAMETER
Concrete [ p 0
BRILLED SHAFT CONTRACTOR 3 SERT. Wo- BATE
P I a c e m e nt Diggin Deep Drilled Shaft Construction Abby Normal 41071 21172013
" ELEVATION THAFT AT SR AT TR
25 310 REBAR CAGE TOP ELEVATION,I 149 2158
DEPTHTO VATER OR SLURRY SHAFT REBAR DESIGH ELEV. e Cro
‘WITHIN SPEC?
A 245 3135
TOP OF ROCE ELEVATION SHAFT LEWGTH
EBAR CAGE CENTERED WITHIN SPEC?  [v]vES Ono
266.9 65
“SHAFT CONCRETE INFORMATION ©+ 7777777 G HEH
Plas 1! Begin Pour: Date: 711812013 Time: 8:00 AM
YES Free Fall # (o] Length Volume EndPour.  Date: 711812013 Time: 11:15 AM
NO_Tremie 0 0o Shaft C Time: 114580

(including casing removal)
De-Airing Method

NO_ Tremie Plug

NO_Tremie Cap  Total Volume in Lines (VL) 74 ¢yd Total Concrete Volume In Shaft; ¢y

o

o

o 7504 Total Concrete Volume Delivered (TVD)

o
(=TVD-VL-VW)

<.

NO_ReliefValve  Estimated Waste Concrete (VW)

Truck | Concrete Stump Arrival | Start |Fi nish .mml Tremie | Depth To ] NOTES
No. Volume Time Time Depth | Concrete (delays, additives, breaching, casing removal)
110¢y Initial QCT concrete test - passes
2[10¢cy Talked to contractor about depth of concrete
3[10¢y Second QCT concrete test - passes
410 ¢y
5|10 ¢y Talked to contractor about depth of concrete
610 ¢y Third QCT concrete test -See notes below
10 Finished pour
8l5¢cy
Truck #6 notes: slump 0.2 out of specifications. Contractor
opted to pour. Confirmed with assistant PM to continue
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Concrete Placement

¥

Truck | Concrete G Arrival Start Finish Time Tremie | Depth To B NOTE§ )
No. Volume Time Time Depth | Concrete (delays, additives, casing removal)
1]10 ¢y 9.8 7:50AM| 8:00 AM 8:15 AM 55.5| 5875 Initial QCT concrete test - passes
2[10 ¢y 9.5| 8:00 AM| 8:20 AM 8:28 AM 51] 5325 Talked to contractor about depth of concrete
310¢y 10) 815AM| 8:35AM| 8:50 AM 42 42.5 Second QCT concrete test - passes
4[10 cy 9.1] 8:45AM| 8:55AM 9:05 AM 35 35
5[10 ¢y 9.6] 8:50 AM| 9:10 AM 9:30 AM 25 25 Talked to contractor about depth of concrete
6[10 ¢y 10.2] 9:20 AM| 9:40 AM| 9:55 AM 10 10 Third QCT concrete test-See notes below
710 cy 9.9| 9:40 AM| 10:00 AM| 10:35 AM 3 3 Finished pour
8|5 ¢y 9.5| 10:30 AM| 10:50 AM| 11:15AM 0 0
Truck #6 notes: slump 0.2 out of specifications. Contractor
opted to pour. Confirmed with assistant PM to continue
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Documentation

depth = 42')

depth = 50')
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%st

SDEPTH

(Ocy concrete,’ p

Concrete Placement

CONCRETING CURVE

Prior to pouring conerete, a plot should be made showing the theoretical concrete surface (by depth or elev.) vs. concrete volume
placed. During concrete placement the actual concrete surface vs. the actual concrete volume placed is then plotted

Shaft Top

ATIDN (Feet
1

1

(8 cy concrete, s

[ | | | ' ' 1
I 80
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Inspector’s Roles and Responsibilities

What are the Inspector’s Roles and Responsibilities?
= Communicate

= Document
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Inspector’s Roles and Responsibilities

Documentation
Drilled Shaft Placement Log 00512.40

Concrete Placement Logs and Volume Curves —
Measure and record all concrete placed into drilled shafts
using standard ODOT forms designated for this purpose or
other forms approved by the Engineer. Provide the
Engineer with a completed Drilled Shaft Concrete
Placement Log and Concrete Volume Curve Form for each
drilled shaft within 24 hours after completion of shaft
concrete placement.

opor.
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* ltis the contractors’ responsibility to complete the Concrete Placement Logs and
Volume Curves.

* The drilled shaft inspector will keep ODOT’s own set of records.

* ltis the Inspector’s responsibility to document on ODOT’s behalf.
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Inspector’s Roles and Responsibilities

Concrete Operations

. Prior to concrete placement, has the slurry (both manufactured and natural) been tested in accordance with Section

Yes No NA 3
o o o 00512.43(g)??

~

[JYes [JNo [JNA  32. Ifrequired, was the casing removed in accordance with Section 00512.47(e)?
[JYes [JNo [JNA  33. Doesthe Contractor's tremie meet the requirements of Section 00512.47(a)?

[ClYes [JNo [JNA 34 Wasthedischarge end of the tremie maintained in the concrete mass with proper concrete head above it at all times
(00512.47(c))?

o

. For shafts with non-contact splices, have the cold joints been properly cleaned and roughened in accordance with
Section 00512.47(a)?

. For shafts without non-contact splices, did the Contractor overflow the shaft until good concrete flowed out of the top
of the excavation (00512.47(a))?

[ClYes [JNo [INA 3

o

[JYes [[JNo [JNA 3

~

[]Yes [JNo [JNA 37. Have the Concrete Placement and Concrete Volume logs been completed?
ClYes [JNo [JNA 3

CdYes [No [JNA 3

®

Were the concrete acceptance tests performed as required?

o

Were the Crosshole Sonic Log (CSL) tubes filled with water and capped in accordance to Section 00512.467
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Concrete Operations
Learning Objectives

= Concrete basics
— mix design
— concrete placement
— Concrete sampling and testing

= Concrete Placement Log
= Concrete Volume Log

= [nspector’s roles, and responsibilities
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