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What is a Geopolymer?

Not a Plastic i
. Not HDPE/PVC/Epoxy

Looks and feels like cement
« Workability
* Material Properties
Service Life

Chemical structure like natural stone
* Monolithic
« Durable
Corrosion Resistant
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Geopolymer Chemistry Primer
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Spray-Applied Geopolymer Technology
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Colorado DOT — Project Overview

* Colorado DOT - Special Provision 603
“Spray Applied Culvert Linings”

* Project included 7 individual pipes
spread across 3 counties in central
Colorado (Region 2

> Jefferson
» Dougal
» Arapahoe

* Federal Aided Project Funding

1
REVISION OF SECTION 603
SPRAY APPLIED CULVERT LINING

Section 603 of the Standard Specifications i3 hereby revised for this project as follows:
Subsection 603,01 shall include the following:

This work consists of placing spray applied liner in an existing culvert in with
requirements, design, and the plans. This specification applies to all sections (round, elliptical, rectangular, etc) of culvens.

i i *8 rec

Subsection 603.02;

The spray liner shall not reduce the total existing culvert pipe imerior effective interior radius by more than & inches or as
stated on the drawings, and shall have a finished surface manning’s roughness coefficient of 0,024 or less. The spray appli
liner shall not contain styrene or any lenchable toxins, The spray applied liner shall be high strength and ultra-low porosity,
Spray applicd liner thick will be d ined by the i *4 specification in order to achieve the m m
warrantied performance characteristics, The liner shall be selected from the options listed in the CDOT approved products
list. (APL)

Subsection 603,03 shall include the following:

Prior 1o installing the liner, the Contractor shall dewater the pipe and remove all loose rock, dirt, and debnis from both the
inlet and outlet of the culvert, and fill any voids in the area adjacent 1o the pipe with grout. Grout shall be an approved
material that meets manufacturer’s recommendation for this installation. The grout shall be placed through existing holes in
the pipe or tool cut openings upon approval from the project engineer. The Contractor shall thoroughly clean the pipe, and

remove all sharp protrusions from the inlet and outlet that may p lly reduce the homogeneity or perfc of the
liner.

The Contractor shall make all necessary arrang to have a e ive of the manufacturer on site to ensure the
proper prepacation of materials and installation of the culvert hiner. A i *s letter of compl shall be provided 1o
the PE ensuring certification and verification of the correctly installed product by the . Design Caleul, and

Lift {installation) Plan stamped by a Colorade Licensed Professional Engineer,

in wr of

The contractor will provide no less than one (1), half inch (1/2°) wide hole drlled through the finished liner to
the host pipe surface, perpendicular to the host pipe interior surface, in the pipe crown (“op”), if the host pipe is CMP, this
will be on the most interior ridge of a corrugation, for liner thickness verification, per every 25" of lined pipe, ot locations
randomly selected by the PE or Inspector who may or may not clect to do so. The hole will be re-drilled untl the interior
ridge of the CMP is located. Following the PE or Inspector liner thick the will then patch the
holes with the liner material or manufacturer accepted patch method. This shall not be paid for separately but shall be
included in the cost of the work, This process must be explained and detailed in the contractor’s method statement.

Subsection 613,11 shall inchude the following:
Culvert liner will be measured by the actual muimber of lincar fect that is installed and accepled. Culvert lining will be
measured by the foot along the bottom (invert) centerline of the culvent,

Subsection 603,11 shall include the following:

Pay Item Ttem Number Pay Unit

Culvert Lining {36 Inch)Spray Applied) 603-00045  Linear Feet
Culvert Lining (48 Inch)(Spray Applied) 60300052  Lincar Fect
Culvert Lining {54 Inch){Spray Applied) HO3-00058  Linear Feet
Culvert Lining {60 Inch){Spray Applicd) 603-00065  Linear Feet
Culvert Lining (84 Inch)(Spray Applied) 603-00088  Lincar Feet

Payment will be full compensation for all labor, materials, and cquipment required to complete the work,

Al costs associated with having a manufacturer's representative on site will not be measured and paid for separately, but
shall be inclhuded in the work. Grout and dewatering will not be measured and paid for separately, but shall be included in the
work,
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Why Rehabilitate

T

——— . Tt
DEPARTMENT OF TRANSPORTATION

Issues

« Significant CMP corrosion
« Spaulding / Steel Loss

« Abrasion

Why no Dig?
* Major highways/Interstates
e Fully Structural Rehab
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Why Spray Applied Liners

CIPP

« Several short runs

« Higher Costs

« Difficult sizes and access
« Larger footprint

Sliplining
* Non-round damage
* Reduced diameter




Summary of Specific Pipes: it AT OF COLORADO_

FELEHAL 410 PROJECT S0 MIPF EIR-137
WULTIF FBCiALS THHUAUHILT THE DENVER A3FA

524 linear ft of 60” CMP - Hwy 70 R 5 = < i <
252 linear ft of 50” CMP - Hwy 391 oo T Ha
191 linear ft of 48” CMP - Hwy 121 = ‘
534 linear ft of 48” CMP - Hwy 83 | AT L
374 linear ft of 60” CMP - Hwy 6

375 linear ft of 48” CMP -Hwy 6

124 linear ft of 6’ x 7’ Box Culvert - Hwy 105
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Contractors were required to be prequalified
Lining products were required to be listed on the CDOT Approved Products List
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Colorado DOT — Project Timeline

Project Bid in March 2016
Contract was Awarded May 2016
Construction began July 2016
Construction took approximately 6
Week with 2 crews working on the

different pipes typically 2 sites
were under construction at a time.

Engineering Estimate:

$1,170,995.70

Contractor

Total Bid

% of Engineering
Estimate

Inland Pipe (IPR)

S 954,008.00

81.47%
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Design

The design methodology uses the
bending moment at the crown of the
pipe and conservative assumptions,
verified by actual pipe testing:

T, = 0.8323Pr

0.0744 Pr2 N
Sy C

Source - Structural Mechanics of Buried Pipes - Watkins & Anderson

M, = 0.0062Pr?
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Design

« All CMP pipes were designed to be “Stand-
Alone” Fully Structural Liners:

« 48” pipes had a 1” thickness based on the
design conditions

SN
S B LB K, AT KDL Sl T3, 41 s, S e S o b Lt T

CMEHIAAD WO 304 LA L P MG N
AN W e o (A% A ey W e

» Pipes between 50” - 60” required a 1.5”
thickness based on design conditions

* The box structure was designed as a e R
“Structural Enhancement” with a 1.5” liner
and replacing corroded steel to return
structure to its original service condition.
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Examples of Site Conditions
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Examples of Site Conditions
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Examples of Site Conditions
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E>ﬂ<amp|e of Contract Details

SPEAY LIMING QETAIL

LIMING MINIMUM THICKMESS
FER WAMUFACTURER REQUIREMENT

EXISTING RCF/SCMP

At

. __,.@3.‘;? SPRAY LIMING
S

R

Ny

& FILL VDIDS UNDERNEATH CULVERT WTIH GROUT
[THROUGH EXISTING OPEMINGS)

A WILL NOT BE PAID FOR SEFARATELY, BUT SHALL BE [NCLUDED TN THE WORK.

MOTES:

1) 2EE GEMERAL WOTES FOR EQUIFMENT AMD MATERIAL STORAGE LIMITATIONS

2} HO WORK SHALL BEGIN UNTIL THE CONTRACTOR MOTIFIEE THE PROJECT ENGIMEER.
3) THE COMTRACTOR SHALL MOT INTERFERC WITH TRAWEL LAMES OF TRAFFIC.

4} PRIOR TO COMSTRUCTION, THE COMTRACTOR WILL VERIFY LIMITS OF DISTUREED
AREA WITH THE PROJECT EMGIMEER AMD CLEARLY MaRE.

5) EPRAY LIMER APPLICATION WETHODS B MATERIALS MUST MEET MAMUFACTURER
SPECIFICATIONEZ AT ALL TIMES.

&) ANY DEWATERIMG SCHEDULED AMD COWDUCTED BY THE CONMTRACTOR PRIOR
TO AWND DURING THE WORK SHALL BE TO ThE SATISFACTION OF THE ENGINEER.
DEWATERING FPLEN MUST BE SUSKMITTED FOR ARPROVAL BY EMGINEER.

A THE CONTRACTOR SHALL CLEAN THE ENTIRE IMTERIOR SURFACE TD BE REPAIRED
WITH HIGH PRESSURE WATER JET AMDAOR WET SeMHD BLASTIMNG, AND THE SURFACE
SHALL BE FREE OF RUST FLAXES TO THZ SATISFACTION OF THE EMGINEER.

B} HO WATER WILL BE ALLOWED TO FLOW THROUGH THE CULVERT WMITL THE
MARLF ACTURER'S SPECIFICATIONS ARE FULLY WET FOR CURING TIWECONGLITION,

B) FINISHED LIMING MUST HAVE & MANMMING'S N {ROUGHNESS) COEFFICIENT OF LESS
THaW OR EGQUAL TO 0.024 sAND REDUCE THE INTERIOR DIAMETER MO MORE THAM B
IMCHES MEASURED FROM THE EXISTIMG PIPE INTERIDR SURFACE TO THE PROFOSED
SPRAY LINIMG FIMISHED SURFACE. (MO MORE THAN 3 IMNCH [NTERIOR ReDIUS LOSS)

L0} SPRAY LIMNING WILL BE APPLIED TO A THICKMESS RECOMMENDED BY THE
MAMUFACTURER IW ORCER TO ACHIEVE THE FPERFORMARCE SFECIFICATIONS.

LI} THE 'WILLOW CREEK TRAIL AND THE CEMTEMRMIAL TRAIL SHALL REMAIM OFEM AT
ALL TIMES AMD COMSTRUCTION ACTIVITIES SHALL MOT CAUSE AMY TRAIL TRAFFIC
DELAYS OR HAZARDS.
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Pipe Conditions:
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Pipe Conditions:
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Pipe Conditions:
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Box Pipe Conditions
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Equipment Set Up

!"CT THE UNDERGROUND UTILITIES EVENT




!"'"cT THE UNDERGROUND UTILITIES EVENT

Underground Construction Technology | Jan. 29-31, 2019 | Fort Worth, TX



CT THE UNDERGROUND UTILITIES EVENT

Underground Construction Technology | Jan. 29-31, 2019 | Fort Worth, TX

EquipmentSetUp
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Completed P|pes

'—"vu-
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Completed Pipes
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Box Culvert Lining — Handlining
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uality Contro

Sample Details

Samples received at lsboratory 5818
Samples Inital Cured onsitz in cooler
Sarmplz Final Cured in laboratory in 50%RH storage

Date Cast: A52016 Mo. of Specimens: &
Slump: 1 Admixtures: -
Air Content: - Water: -
Design Strength: - Suppliar: IFR
Material Temperature: 830 Ticket Number: -
(Ambient Temperature: 60.0 Technician: MC
Location: Pipe
Laboratory Test Results
Data ] Surface Densi T of
SetD Tested [DA:ysl Length Area Ll?:'ld 5‘:::::“‘ {pcﬂw Flzpc:ure
16132050511 5122018 7 B.05 12.24 31,070 8,320 1312 3
16132050512 5122018 7 B.08 12.24 87,240 8,800 1306 3
16138050513 Br22018 28 7.80 12.588 107 850 2.580 1340 3
16138050514 B/2/2018 28 B.02 11.843 108,770 9.180 1383 3
16138050515 Br2/2018 28 7.64 12.6082 115,180 9,020 1328 3
16138050516 87302016 56 B.00 12.629 138,200 11,000 1348 3
MNotes Types of Fracture
Set Mo.1aof1

[a L
o 0

Distribution

Troy Siroman

Lab Technician:

Project Manager: Jack Parisi Date: G30F2016

Elizabsth Butler Date: 82016

&H;[P’ Designation: C39/C39M - 12a

Standard Test Method for

Compressive Strength of Cylindrical Concrete Specimens’

“This: standand I e ander the v desigmation CEMTIIM; dhe sumber

nnp-.nmpmunmmdmuepummnmnmmu,—nrnwn
superscripd epsilon (=) indicates an sdoris] change sisce the (st revision o repprovl.

This sbansitre Aus Desm appeved for ase by apencies of e Depariment of Defose.

1. Scape*

[ I‘)ﬂf( IQMﬁmhMmmﬁmmM
im the 1

L1 This test method covers i af i
strength of cylindrical concrele specimens such as mobded
cylinders and drilled cores. It is limited o concrete having a
densily in excess of 800 kg/m? [50 1h/R).

1.2 The valpes siated in either 51 unils o inch-pound units
ane o be regarded separately as standard. The inch-pound units
are shown in hrackeis. The values staled in each system may
not be exact equivalents; therefore, each system shall be used
independently of the other. Combining values from the two
syslems may result in pon-conformance with the standand.

1.3 This siandard does noi purpord fo address all of the
safety concemns, i any, amociated with ix mse. 0 is the
responsibility of the wser of this siaadard (o exlablish appao-
prigie safety and health practices and determine the applica-
Bility of regulaory limilaiions prior (o xse. (Warning—Means
should be provided o coalain concrele fragments doring
sudden mpture of specimens. Tendency for sedden moplure
increases with increasing concrele sirength and it is more likely
when ihe lesting machine is relatively fexible. The safely
precantions given in the Manoal of Aggregate and Concrelz
Tesling are recommended.)

1.4 The text of this standard references noles which provide
explanatory material. These notes shall not be considered as
requirements of the standard.

2 Referenced Documents

2.1 ASTM Standanis:”

CILCI M Practice for Making and Cuaring Concrele Test
Specimens in the Field

CAVCAIM Test Method for Oblaining and Testing Dyillad
Cores and Sawed Beams of Concrele

‘mumkuﬂumdeMMnn
Coneree and Coscrele
1K1 0m Tisting, fior Sarngih.

Courvent exition spproved Sepl. 1, 2017 Pubilishen) October 3012 Criginally
approved i1 1901 Last previous dtion approved bs 3012 a5 CINCIM 12 DOE
ESHHO0039 CINRIM-122.

* Fur refereacnd ASTM siandars, visil the ASTM wehshe, worasimorg, of
coniact ASTM Cusiomer Service ol servioeststm org. For Amv Brot of ASTH
Shmtands refor e

e ASTM websile.

C61T Practice for Capping Cylindrical Concrele Specimens

670 Practice for Preparing Precision and Biss Siatements
for Test Methods for Construction Malerials

873 Test Method for Compressive Strenpth of Coacrels
Cylinders Cast in Mlace in Cylindrical Molds

1077 Practice for Agencies Testing Concrele and Coacrele
Apprepates for Use in Construction and Criteria for
Testing Agency Fvaluation

CIZ3UCI23IM Practice for Use of Unbosded Caps in
Determination of Compressive Strength of Hardened Con-
crole Cylinders

4 Practices for Force Verification of Testing Machines

E74 Practice of Calibration of Force-Measuring Instroments
For Vedfying the Force Indication of Testing Machines

Manual of Apprepate and Concrede Testing

3. Semmary of Test Method

3.1 This best method consists of applying a compressive
axial load to mobded cylinders or cores al a rate which is within
a prescribed mange until failere ocows. The compressive
sirength of the specimen is caloulated by dividing the maxi-
mum load attained during the test by the cross-sectional area of
the specimen.

4. Significance and Use
4I(mmatbcummdmlhemn:rpmnmd1lm
of streagth d i 7y Lhis best
method sinoe streagth s not a Emdmmala(mu'mslcpmpmy
of concrele made from given malerials. Values oblained will
dhzpend on the size and shape of the specimen, balching, mixing
procedures, the methods of sampling. molding, and fabrication
and the ape, lemperatore, and meistore conditions durng
curing.

42 This lest method is used b delermine compressive
strength of cylindrical specimens prepared and cured in accor-
dance with Practices CILCIIM, CI92C192M, C617, and
CIBUCIZIM and Test Methods CA2TA2ZM and CET3.

4.3 The resulls of this test method are used as a basis for
quality control of concrete proportioning, mixing, and placing
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6-months in Service




!"CT THE UNDERGROUND UTILITIES EVENT




