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Journey begins

Thank you St. Clair County

Ultra-High Performance Concrete
Connections for Prefabricated
Bridge Element

Workshop Agenda
May 17, 2017 Horatio Earle Learning Center — 7575 Crowner Dr., Dimondale, Ml 48821
Topic {?\;r:::;::) Start End

1 Welcome and Introductions 20 8:00 AM | 8:20 AM
2 FHWA Every Day Counts Qverview 20 8:20 AM 8:40 AM
3 Introduction to UHPC 60 8:40 AM 9:40 AM
Break 15 9:40 AM 9:55 AM

4 Bridge Construction Using Prefabricated Bridge Elements 20 9:55 AM | 10:15 AM
5 UHPC Connections: Structural Design 45 10:15 AM | 11:00 AM
UHPC Connections: Construction, Inspection, and Testing 30 11:00 AM | 11:30 AM

Lunch 60 11:30 AM | 12:30 PM

& :.'I;:g ;}ennections: Construction, Inspection, and Testing 30 12:30em | 1:00 PM
7 UHPC Connections: Special Provisions 30 1:00 PM 1:30 PM
8 Examples of Recent Projects with UHPC Connections 45 1:30 PM 2:15 PM
Break 15 2:15PM | 2:30PM

9 UHPC: Emerging Concepts Beyond Connections 45 2:30 PM 3:15PM
10 r;i:lriai:gngli;intpgle:;:;tI:ttI:;?tfi\ngig.cussion a3 =15 440N
i1 Wrap-Up 5 4:10 PM 4:15 PM




Field Application of
Nonproprietary Ultra-High-
Performance Concrete

ained and lessons lear

by Sherf E-Tawil Yuh-Shiou Tal, and John A Belcher i
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Table 2:
Mechanical propetties of laboratory and field batehes

Com pressive strength, MPa [psi) Tensile
Mixture no Spread, strength, MPa Strain at peak

ar D mm [in.y ay 14-day. 28-day G-cay [psi) tansile stres

1 214 (8.4) 1213 (17,600} 1a31(2;.600) | 1757(25500) | 1982(28,500) 12.3 [1300) o1

z 25 (8.5 8.2 (17100 147.8[2400 | 169.2(z4500) | 187.4 (27200 M4 [1800) 017

3 235(9:3) 18,8 (17.200) #as(zoaon | 159.0(22100) | 1764 (25.600) 9501400 0.18

4 228(9.4) 1134 [16,500) R71H9.900) 151.9 (22 100 — 9.6 [1400) 014
Fiald 228(94) 102.9(15,800) 12z.0(12400) | t4g41(21.500) — 9.3 nzo0) o1z

‘Specimens not tested. Not enough were made due to an oversight

After rizing was completed, the theology of the UHPC
mixture was assessed by measuring spread. The spread test
method was based on ASTW C1437, “Btandard Test
Method for Flow of Hydraulic Cetnert Mottar,” with one
modification—the fesh UHPC was allowed to spread freely
ona plexiglass plate nstead of bemg dropped on a flowtable
as specified in the standard. When the mixtore stopped
spreading, the diameter of the spread was measured. Based on
previous expenence and research docurmnented in References |
and 2, a mixture was considered appropriate for useifits
spread mnged from 175 to 300 mom (7 to 1240,

The compressive strength was obtained from cubes tested
per ASTI C109/C109M, “Standard Test Wethod for
Cotnpressive Strength of Hydmulic Cetnent Mottars (Using
2-inn. ot [50-mea] Cube Specitnens))” whiletensile strength
was obtained using coupons tested per AABHTO T 132,
“Standard Method of Test for Tensile Strength of Hydraulic
Cetment Iortars™ Table 2 sutnmarizes the properties of the
four trial miztures

Table 2 cleadly shows beneficial effects of the longer steel
fibers, as Misture 1 (with 19 rmm fibers) exhibited a larger
strain at peak tensile stress and a larger pealt tensile strength
than the misxtires wath 13 mm fihers. For example, the peak
tensile strength was 12.9 MPa (1900 psi) for Mizture | versus

0.5 WPa (1400 pei)y for Miztare 3. The longer fibers alzo ledto

a dightly higher cotpressive strength than the shorter fibers.
For exzample, the compressive strength at 28 days for
Mizture 1 was 1757 MPa (25,500 paiy versus 169.2 WPa
(24,600 pei) for Mizhwe 2

The 28-day compressive drength decreased with increasing

amount of HEWEA . For example, the 25-day strength was
168.2 MPa (24,600 psi) for Mixture 2 and 151.9 MPa
(22,100 psi) for Mixture 4, representing a 10% drop (Table 2).
This was also true for tensile strength. The effects of using
dlag cement were also evident, as the strength kept rising
arbstantially beyond 28 days The Sé-day compressive
strengthwas 17 to 20 MPa (2500 t0 3000 pai) bdgher
Cotnparing all the results, Mixture 3 prowided a good
cotnprormi se hetween flowability and strength, and it was
selected for the field placement.

382 anuary 2018 | G | wwwie ona rstsints mitionelz o

Field Application of UHPC

The bridge repair project was located on Kilgore Road over
the Pine River (Structure No. 10091}, Kenockee Township,
ML, chown in Fig. 1(2). The bridgeis 13.6 m(44.7 £y long
and 6.5 m (21.4 ft) wade (Fig. 1(0}). The reparr effort entailed
replacing the joints connecting the reinforced concrete beamns
with UHPC (Fig 2)

Fig. 1: Bridge repair site: [s) Iocation in Michigan; and [b) serial view

Howevet, the rraterial is expected to continue to gain

mbstantial strength at later ages due to the use of slag cement.

Lab tests showed that the 56-day compressive strength was
17 to 20 IVIPa (2500 to 3000 psi) higher than the 23-day
strength, The 150 WMPa walue iz somewhat arbitrary. For
exatrple, the FHWA recommends that UHPC is defined using
a minimom sirength of 145 MPa (21,000 pei) at 28 days.a
criteriof that the field mixture meets

Although the cost of nonproprietary UHPC is much less
than proprietary UHPC, it iz still relatively high compared to
regular concrete. Itis expected that this cost will come down
as increasing demand drives up production of steel fibers and
reduces their cost, or as lower-priced inported fibers become
availahle in the United States. Givenits great strength,
durability, and other exceptional properties, it is expected that
UHPC will play a key role in building the nest generation
infia stnacture—one that iz Agnificantly more robua, resilisnt,
and sustainable thanin the past.
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Design and Construction of
UHPC-Based Bridge Preservation

and Repair Solutions

@ 2020 Andrew Tai'Sherif EI-Tawil, University of Michigan.
Fill with UHPC Figure 7. Photo. Installation of UHPC connection repair project on the Kilgore Road

L ;__ m"mﬂ?;ﬁ; Bridge over Pine River in Kenockee Township, MI.

Limits of
Concrete - - I; - SEISMIC RETROFIT
Ve \\ : U ] / Bridge structures built before the establishment of modern seismic bridge design and detailing

Existing T provigions often require upgrading or retrofitting to enhance their seismic performance.
Post-Tensioning k Commonly, the reinforced concrete columns of these structures require the most attention, given
Existing Longitudinal that t]u. columns are typically the pnmary lateral lund-rus'[sl.ing elements il_l the structures,

P Strands = Traditionally, structural steel, fiber-reinforeed polymer (FRP), or bulky reinforced concrete

jackets have been emploved to upgrade the strength and ductility of seismically deficient bridge
Existing Shear Key columns, UHPC provides an alternative column-strengthening or -jacketing solution to these

Source: FHWA. traditional methods. Laboratory research has demonstrated that UHPC can restore bridge column

e AP capacity with deficient reinforcing bar lap splices located in bridge column plastic hinge zones
B Detailz ofthe tepatr: (Dagenais, Massicotte, and Boucher-Proulx 2018).
Figure 5. lllustrations. UHPC connection repair used on the Martin Downs Boulevard

Bridges. In 2014, the British Columbia Ministry of Trangportation used UHPC jackets to encage and
confine the hinge zones of pier columns on Mission Bridge in Mission, British Columbia,
Canada. Built in 1973, the bridge was found to have multiple seismic vulnerabilities. As such,
the bridge had previously uged FRP wraps to retrofit the plastic hinge zones. One such seismic
vulnerability was the threat of lateral spreading in specific pier locations, While ground
improvements in the form of deep compaction piles mitigated the issue at most pier locations, a
single pier required additional strengthening. For this location, a UHPC jacket was selected
because it would provide an aesthetically pleasing and cost-effective retrofit solution compared
with other alternatives. The construction procedure included removing the existing FRP wraps,
after which the column concrete surfaces were rounghened and steel rods were installed to anchor
the UHPC to the surface of the columns, Steel stirrups were added around the column

€ 2020 Florida DOT/Shelley ChinQuee

Figure 6. Photo. Installation of UHPC on one of the Martin Downs Boulevard Bridges.
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Common Issues With Conventional Construction

e Concrete out of spec; Air/Slump
Concrete trucks take too long to the site
e Bidwell issues

e Wind/Temperature/Evaporation
Unexpected Rain

Pump Truck issues

Workmanship

Labor/Night Conditions/Long Hours
Late Nights/Long Hours

Extended Periods of Construction Time
 Traffic Detours/Lane Closures/Delays



How Many People Have Had
These Issues Or Similar Issues?












* Insufficient Life Expectancy
e Labor Costs

* Material Costs

 Traffic Delay Costs

* Temporary Fix

*BUDGET



Water
Break







GRS













Fun Fact:

100 Beer Bottles/40 |bs of Crushed Glass
4 Tons of Crushed Glass = 8,000 |bs
8,000/40 =200 X 100

Approximately 20,000 Beer Bottles

® &pOSitd'\otos mage ID: 161210522 www.depositphotos.com



Fun Fact #2:

Clare County
Produced the Bottles
in 2.5 Days*

X
This Fact May Be Exaggerated







*Prior to Bridge Construction the Real Work
was Being Done

*\Work Started in January of 2022
eSteel Tub Girders from Valmont Steel
°Innovations due to Limited Building Capacity















Me Hoping The UHPC Mixes Properly
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Supplier:

Mix Identification:

Mix Design Strength (psi):
Project Required Strength (psi):
Design Bulk Density (pcf):

Superior Materials

88526.00 - UHPC - 13.9 Sack
24000 at age 28 days

24000

153.2

Design Water Cement Ratio (Ib/lb): 0.20

Sample Details

Date Sampled: Mar 3, 2022
Date Received: Mar 7, 2022
General Location: Placement #3
Sample Location:

Sampled By: James R. Brown

See General Location

Sample No.:

Ticket No.: Truck No.:
Weather: Interior Placement

Yield. (ft®): Rel. Yield. (ft®):

Compressive Strength of Hydraulic Cement Mortar Cubes

Material Source Amount (per yd®) Moisture
Cement 1 (Ib) Portland Type | 653 N/A
Cement 2 (Ib) GGBFS Grade 100 653 N/A
Fine Agg 1 (Ib) Silica Fume - ELkem 900W 327
Fine Agg 2 (Ib) Fine Sand 1-F75 395
Fine Agg 3 (Ib) Fine Sand 2 - F12 1580
Admix (oz) Sika HRWR 550 N/A
Water (Ib) Potable 264 N/A
Specification:

Measured Specified
Slump (in): ASTMC143 095 7.00-12.00
Slump w/ plasticizer (in):
Air Temp (°F): 65

ASTM C 1064 64
ASTMC231 34
ASTM C 138 1532

Concrete Temp (°F):
Air Content (%)

Bulk Density (pcf):

Batch Size (yd®): 3.0 Time Batched: 10:22
Yd?® Placed: Time Sampled: 11:09
Time Unloaded: 11:30 Time in Truck (mins): 68

Specimen ID Date Tested Age Width Length Maximum Load Fracture Compressive

(Days) (in) (in) (Ibf) Type | Remarks Strength (psi)
22-3060-1\1 03/10/22 7 2.00 2.00 104310 3 26080
22-3060-1\2 03/10/22 7 2.00 2.00 102660 3 25670
22-3060-1\3 03/10/22 7 2.00 2.00 101740 3 25440
22-3060-1\4 03/31/22 28



ST. CLAIR COUNTY ROAD COMMISSION

SPECIAL PROVISION
FOR
Conc, Ultra High Performance

5t. Clair County: JOW Page 10of 3 11/16/2022
a. Description. This work consists of using Ultra High Performance Concrete (UHPC) for pre
casting of deck panels. All work must be in accordance with the standard specifications, except

as modified herein.

b. Materials. The concrete mixture must contain the following materials per cubic yard. Below

is a description for one bridge panel or 3.2 cyd batch:
Material Weight [Ib]
Cement Blend
Portland Type | 2089
Slag Cement 2089
Silica Sand
Fine Sand' 1261
Coarse Sand? 5046
Silica Fume 1043
Water 845
High Range Water Reducer®# 125
Steel Fibers® 636
Defoamer® 2

1US Silica F75 / Short Mountain Silica Fine Sand

2US Silica F12 / Short Mountain Silica 3070 Sand (Coarse)
*Sika ViscoCrete-2100

*High range water reducer is applied at the rate of 21.6 oz/cwt
5The steel fibers are 1.5% by volume.

SEucon Air Out

Steel fibers — Steel fibers must be straight with a smooth surface and conform to ASTM AB20,
Type | fibers. They must have a diameter of 0.008 in and length between 0.5 in and 0.75in, both
with a +5% tolerance, and a minimum tensile strength of 410 ksi.

High Range Water Reducer — use Sika ViscoCrete-2100. Mo substitutions are permitted without
written approval of the Engineer.

c. Equipment. Mixers with 5.0 cyd minimum capacity must be used. Pumping UHPC is not
permitted.

d. Pre-Pour Meeting. Prior to the initial placement of the UHPC, the Contractor must arrange
for an onsite meeting with the Engineer. The objective of the meeting will be to clearly outline the
procedures for mixing, transporting, finishing and curing of the UHPC.

e. Construction.

1. Storage. Assure the proper storage of constituent materials, fibers, and additives
as required by the manufacturer's specifications in order to protect materials against
exposure to moisture and loss of physical and mechanical properties.

St. Clair County: JDW 20f3 11/16/2022

2. Temperature Limitations. Do not place concrete at ambient airtemperatures below

40 degrees F, nor above 90 degrees F. The top surface of the concrete must be
covered with insulating blankets, having a minimum R Value as specified in Table
706-1 of the Standard Specifications for Construction, when the air temperature is
below 60 degrees F. Insulating blankets must meet the requirements of subsection
903.07.C of the Standard Specifications for Construction. Leave insulating blankets
in place for a minimum 7 calendar days.

Mixing Protocol. The following mixing protocol must be followed:
A. Mix silica fume and all silica sand together for at least 25 minutes.

B. Addtype | cement and slag cement. Mix together for at least another 25
minutes. Do not allow material to cake on the side of the mixer.

C. Add water and HRWR gradually to the mixture and mix until mixture becomes
fluid, approximately 20 minutes. If the air temperature during the time of pour
exceeds 80 degrees F, provide enough ice to lower the water temperature to
approximately 50 degrees F. Combination of ice and water shall not exceed
batch weights described in Section b. table.

D. Perform the slump flow test according to subsection e.5 of this special provision.
If the slump flow is between 7 and 12 inches, add the steel fibers into the mix.
Do not incorporate any UHPC into the project with slump flow outside the stated
range. Fibers shall not be added until the on board flow meter in the redi-mix
truck indicates +/- 1100.

E. Add steel fibers to truck and mix for at least 20 minutes.

Forms. The forms must be water tight and coated to prevent absorption of water.
The formwork must be resistant to the hydraulic pressure of the mix.

. Quality Control. Submit a copy of all quality control records to the Engineer within

48 hours after the date of concrete placement covered by the record.

Use a flow table to measure the slump flow for each batch of UHPC. Conduct the
slump flow test in accordance with ASTM C230/C230M without compacting and
without moving or impacting the base plate. Record the slump flow for each batch in
the QC records. The slump flow must be within the range of 7 to 12 in. Do not
incorporate UHPC into the project with slump flow outside the stated range.

Compression Testing Requirements. Make three sets of compressive strength
test samples for each day of placement. Each set consists of three 2x2 inch
cubes. All test samples must be cured using the same method of curing as
outlined in the quality control plan. The compressive strength tests must be
conducted on a minimum of three 2x2 inch cube samples according to ASTM C109.
Other samples can be cast and tested with prior approval of the Engineer.

7. Curing. Do not apply curing compound. The concrete surfaces must be continuously

cured with wet burlap per subsection 706.03.M.1.b, except that the wet burlap must
be applied immediately after casting.
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Clare County Road Commission Seeks
Higher Performance at Lower Cost
with Open-Recipe UHPC Formula

The Kilgore Road Bridge Restoration
Project in Kenockee, Mich., was one
of the earliest field applications of a
nonproprietary ultra-high-performance

concrete (UHPC) in the United States.
That early demonstration project in 5t.

Clair County garnered natianal attention
for its innovative use of open-recipe
UHPC. With the successful completion of
this project, the material has been used
on several ather similar projects,

Dewayne Rogers, managing director
of the Clare County Road Commission
(CCRCJ, was aware of the benefits of

UHPC from his previous position in St.

Clair County, and he was determined
that Clare County, which is located
in the center of Michigan's Lower
Peninsula, would make use of the
innovative construction material despite
its reputation for being expensive and
difficult to handle. He learned that the
University of Michigan and the Michigan
Department of Transportation (MDOT)
were exploring how to tranczlate the
proven performance of proprietary UHPC
to everyday use. An open recipe for
UHPC was developed by Sherif El-Tawil,
a University of Michigan professor of
civil and enviranmental engineering, at
the request of MDOT. That formula is
now available to anyone interested in
using it.»2

Rogers was quick to uze the open-recipe
concept to produce robust concrete for
maintenance purposes, It was a challenge
to raise our game and think creatively
about our assets in the long term,* he says.

In addition to proving the inherent
strength and durability of nonproprietary
UHPC, the research team wanted to
study the material’s impact on long-
term maintenance. “UHPC Is still more
expensive than regular concrete, but if
you consider the effect over the lifetime
of a bridge, then the cost becomes very
competitive,” says Rogers. He adds, “There
are substantial hidden cost savings. The
extremely high strength of UHPC can
result in a massive reduction in structural
companent weight, which reduces handling,
transportation, and foundation costs. These
savings add up and make the overall cost
of UHPCG structures competitive,”

"UHPC is still more
expensive than regular
concrete, but if you
consider the effect over
the lifetime of a bridge,
then the cost becomes
very competitive.”

i

by Monica Schultes

Similar to projects across the United
States that used proprietary UHPC
mixtures, CCRC used the generic UHPC
for closure pours between standard
precast concrete elements. Rogers has
also hegun to precast concrete bridge
elements using the open-recipe UHPC.

Mixture Workability

After extensive testing to prove the
apen-recipe UHPC performance
characteristics, the University of
Wichigan research team focuzed on the
workability of the concrete. Even with
the cost savings, concrete production in
the field needed to be streamlined and the
workability of the generic UHPC would
determine its ultimate success.

In the laboratory, the team had performed
testing with a small drum mixer that
replicated a concrete ready-mix truck,
That method was then scaled up for field
testing, ™ You have to change your mindset
away from conventional concrete ' states
Rogers. “Conventiohal concrete has been
around forever, and you have to vibrate
and finish it. Meither are required for
UHPC. You can put away your trowel

The research team identified critical
steps when preparing open-recipe UHPC.
Careful consideration must be given to
the mixing sequence, mixing time, mixing

Developed at the University of Michigan, the open-recip e ultra-high-performance congrete ((JHPC) was carefillly batched in small amounts on site (lef) for

deck closure pours for the Kilgore Road Bridge Restoration Project in Kenockes Mich. This demonstration project was one of the earliest field applications

of a nonproprietary UHPC in the United States, UHPC iz placed in the closure joint after being batched with the light blue mixer visible in the background

(center). The protruding all-thread rods visible in the phote on the right support the bottom formrmerk to prevent leakage during placement of the UHPC in

the closure joints. A1l Photes: Clare County R.oad Commission

ASPIRE Summer 2022
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UHPC Triple Tee




Cost Saving Analysis
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Fig. 5: Schematic diagram of life-cycle cost of UHPC and regular
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e Other Bridge Maintenance Topics
* Drainage
e Joint Sealing
e Expansion Joint Cleaning
e Deck Cleaning
e Clearing Brush
Deck Waterproofing

e Crafco UltraSeal

e Epoxy Overlay
e Large Culvert Replacement
* Joint Repairs
Deck Patching



Standing Water On The Bridge




Saw And Re-Seal Existing Joints; Caulk or Rubber




emove Dirt; Check Joint for Leaks




Remove Dirt and Debris from Bridge Deck




Clear Trees and Brush Around Bridge




Waterproofing With Crafco UltraSeal
Remove Existing HMA, Clean Concrete







Placing Hot Rubber and Fabric




More Rubber With Bit Board




New Asphalt Surface
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Aluminum Arch Culvert




Aluminum Arch Culvert




Longitudinal Joint Repair with UHPC




Deck Patching and Repair
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Check pleése!



Questions?
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